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ABSTRACT 

Face recognition involves a number of complex cognitive processes, including 

memory, executive functioning, and perception. A breakdown of one or more of these 

processes may result in false facial recognition, a memory distortion in which one 

mistakenly believes that novel faces are familiar. This study examined the cognitive 

mechanisms underlying false facial recognition in healthy older and younger adults, 

patients with frontotemporal dementia, and individuals with congenital prosopagnosia. 

Participants completed face recognition memory tests that included several different 

types of lures, as well as tests of face perception. Older adults demonstrated a familiarity-

based response strategy, reflecting a deficit in source monitoring and impaired 

recollection of context, as they could not reliably discriminate between study faces and 

highly familiar lures. In patients with frontotemporal dementia, temporal lobe atrophy 

alone was associated with a reduction of true facial recognition, while concurrent frontal 

lobe damage was associated with increased false recognition, a liberal response bias, and 

an overreliance on “gist” memory when making recognition decisions. Individuals with 

congenital prosopagnosia demonstrated deficits in configural processing of faces and a 

reliance on feature-based processing, leading to false recognition of lures that had 

features in common from study to test. These findings may have important implications 

for the development of training programs that could serve to help individuals improve 

their ability to accurately recognize faces. 
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INTRODUCTION 

For many of us, determining whether a face is familiar or unfamiliar seems to 

happen fairly automatically, requiring little conscious effort. There are, however, a 

number of complex cognitive processes that may underlie accurate facial recognition, 

including memory, executive functioning, and perception. Poor performance on a 

recognition memory task involving faces could result from a breakdown of one or more 

of these processes. One type of error that may result is false facial recognition, a memory 

distortion in which one mistakenly believes that novel faces are familiar (Rapcsak, 

Reminger, Glisky, Kaszniak, & Comer, 1999). False recognition of faces has been 

documented in older adults (Bartlett & Fulton, 1991; Bartlett, Leslie, Tubbs, 1989; Fulton 

& Bartlett, 1991; Lamont, Stewart-Williams, & Podd, 2005; Searcy, Bartlett, & Memon, 

1999), as well as patients with focal brain lesions (Parkin, Bindschadeler, Harsent, & 

Metzler, 1996; Rapcsak, Nielsen, Glisky, & Kaszniak, 2002; Rapcsak, Nielsen, Littrell, 

Glisky, Kaszniak, & Laguna, 2001; Rapcsak et al., 1999; Schacter, Curran, Galluccio, 

Milberg, & Bates, 1996; Ward, Parkin, Powell, Squires, Townshend, & Bradley, 1999). 

This type of error, which involves an elevated sense of familiarity towards faces that have 

never been encountered previously, provides a contrast to the deficit that is seen in 

prosopagnosia, which is the absence of a feeling of familiarity and a failure to recognize 

faces that should be familiar (Behrmann & Avidan, 2005). 

The aim of the current project is to examine false facial recognition in several 

different populations using a recognition memory test that includes a variety of types of 

lures (Bartlett, Shastri, Abdi, & Neville-Smith, 2009). The first study will explore age-
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related changes in face recognition by comparing the performance of healthy older adults 

and younger adults. This study will also examine whether older adults’ performance on 

the recognition test is related to their perceptual processing abilities or their scores on 

neuropsychological tests measuring frontal lobe functioning and medial temporal lobe 

functioning. 

The second study will examine false facial recognition in three patients with 

frontotemporal dementia who have varying levels of frontal lobe and temporal lobe 

damage. Several recognition memory tests will be used in order to examine patients’ 

ability to learn and remember new faces, as well as their ability to recognize familiar (i.e., 

famous) faces. This study will focus on characterizing the pattern of errors associated 

with memory impairment and/or executive dysfunction in frontotemporal dementia. 

Finally, the third study will examine the contribution of perceptual processing 

deficits to false facial recognition by exploring the performance of three individuals with 

congenital prosopagnosia. This study will first characterize the nature of the perceptual 

impairment in these individuals, including whether they are able to make accurate 

judgments about faces and whether they use configural or featural information to 

recognize faces. The focus will then be on examining how these individuals’ deficits may 

contribute to their performance on recognition memory tests using both newly learned 

faces and famous faces. 

Examining the face recognition abilities of individuals from these various 

populations can elucidate the differential contributions of memory, executive functioning, 

and perception to accurate facial recognition and can help to explain how impairments in 
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these processes may lead to recognition errors. This project will attempt to identify the 

potential cognitive mechanisms underlying false facial recognition. Cognitive 

mechanisms that will be explored include recollection and familiarity, source monitoring, 

configural and featural processing of faces, memory monitoring, and the use of 

categorical versus item-specific memory when making recognition decisions. 

Faces are important social stimuli in our environment; therefore, the tendency to 

falsely recognize unfamiliar faces may negatively impact one’s social or interpersonal 

functioning. False facial recognition many also have important implications for situations 

in which accurate recognition is critical, such as eyewitness testimony (Memon, Bartlett, 

Rose, & Gray, 2003). Identifying which processes contribute to impaired face recognition 

could also be useful from a practical point of view, as different types of rehabilitation or 

training programs could be developed to help individuals improve their ability to 

recognize faces, perhaps by providing them with strategies to compensate for their 

deficits. 
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STUDY 1: False Facial Recognition in Older and Younger Adults 

Background 

False Memory Susceptibility in Aging 

Previous research examining face recognition in aging has found that older adults 

are less accurate on recognition memory tests involving faces than younger adults. The 

pattern of performance that is often seen is a hit rate comparable to younger adults, but an 

elevated false alarm rate for novel faces. Specifically, on yes/no recognition memory tests 

for faces, older adults correctly identify the faces that they saw during the study phase, 

but also incorrectly endorse faces that they were not exposed to previously, leading to 

poorer overall recognition memory accuracy compared to younger adults (Bartlett & 

Fulton, 1991; Bartlett et al., 1989; Fulton & Bartlett, 1991; Lamont et al., 2005; Searcy et 

al., 1999). 

This propensity for older adults to falsely recognize novel faces is consistent with 

a large body of literature documenting increased susceptibility to memory distortion and 

false memories with age (Jacoby & Rhodes, 2006; Schacter, Koutstaal, & Norman, 

1997). In a well-known recognition memory test that uses verbal materials, the Deese-

Roediger-McDermott paradigm (Roediger & McDermott, 1995), several studies have 

demonstrated that older adults are more likely to falsely recognize words that were not 

actually presented to them during a previous study phase, particularly if the words are 

semantically related to the items that were on the study list (Balota et al., 1999; Dennis, 

Kim, Cabeza, 2007; Norman & Schacter, 1997). Older adults are also more susceptible 

than younger adults to the “misinformation effect,” a phenomenon in which false 
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information presented to an individual after they have witnessed a particular event 

impairs or changes their reported memory for the original event (Jacoby, Bishara, 

Hessels, & Toth, 2005; Roediger & Geraci, 2007). This increase in memory distortions 

and false recognition with age can potentially be explained by age-related neurological 

changes, including decreases in the functioning of the frontal lobes (Roediger & Geraci, 

2007). 

 

Frontal Lobe Functioning and Source Monitoring 

The pattern of recognition memory performance typically observed in older 

adults, which is a relatively normal hit rate with an elevated false alarm rate, is similar to 

the pattern found in patients who have sustained damage to the frontal lobes of the brain 

(Parkin et al., 1996; Rapcsak et al., 1999, 2001, 2002; Schacter et al., 1996; Ward et 

al.,1999), suggesting that false facial recognition in older adults may be attributable to 

deficits in frontal lobe functioning. This notion is consistent with the “frontal lobe 

hypothesis of aging,” which posits that the frontal lobes of the brain, particularly the 

prefrontal cortices, are disproportionally affected by normal aging (West, 1996). Indeed, 

evidence from neuroimaging studies has shown greater age-related decline in the frontal 

lobes than in other brain regions (Brickman et al., 2006; Resnick, Pham, Kraut, 

Zonderman, & Davatzikos, 2003). Given this preferential decline, cognitive processes 

that are supported by the frontal lobes are the most affected by the aging process and, 

therefore, subject to more rapid decline than processes supported by other neural 

substrates (West, 1996). 
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 One such frontally-mediated process that has been shown to decline with age is 

source monitoring, defined as the ability to remember the context associated with a 

memory or the conditions under which a memory was acquired (Johnson, Hashtroudi, & 

Lindsay, 1993; West, 1996). Memory for an item or event is thought to be distinct from 

one’s memory for the source or context surrounding that event. The context or source 

may include factors such as the spatial and temporal context, the social environment, 

one’s mood or internal state, the cognitive operations that were used to encode the 

information, or the modality through which an event or item was perceived (Johnson et 

al., 1993). 

 How well an item and its source are integrated during the initial experience has 

been shown to impact the likelihood of an individual later recalling the correct source of 

a memory (Glisky, Rubin, and Davidson, 2001). When item and source are not well 

integrated during encoding, the result may be “source amnesia,” in which an individual 

has intact item memory but impaired source memory. This pattern of performance has 

been documented in patients with damage to the frontal lobes (Parkin, 1997; Ward & 

Parkin, 2000), as well as in older adults who have low frontal functioning based on 

neuropsychological testing (Glisky et al., 2001; Glisky, Polster, & Routhieaux, 1995). 

However, a double dissociation between item and source memory has also been found, as 

some older adults demonstrate poor item memory but intact source memory for the items 

that they are able to recall. A study by Glisky and colleagues (1995) found that older 

adults’ ability to remember a set of studied sentences (i.e., item memory) was related to 

their performance on a battery of neuropsychological tasks sensitive to medial temporal 
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lobe functioning. However, their ability to remember the source of those sentences (i.e., 

the voice that had spoken each sentence) was instead related to their performance on a 

battery of neuropsychological tasks sensitive to frontal lobe functioning. These findings 

provide evidence for a link between frontal lobe decline with age and a decreased ability 

to recall source information, which cannot be attributed to poor memory for the item 

itself (Glisky et al., 1995). 

 One potential explanation for increased false facial recognition in older adults 

may be a reduced ability to recall source/contextual information surrounding their 

memory for faces. Source memory errors have been implicated in a previous study of 

face recognition in older adults conducted by Memon, Bartlett, Rose, and Gray (2003). In 

this study, older and younger adults were shown a study list consisting of 63 faces. They 

were then given a yes/no face recognition memory test which included faces from the 

study list (“target items”), new/unstudied faces that were presented only once 

(“nonrepeated-lures), and new/unstudied faces that were presented multiple times during 

the test (“repeated-lures”). The results of the study revealed that older adults had a hit rate 

which did not differ significantly from younger adults for the target items. However, 

older adults made more false alarm errors to both the nonrepeated-lures and the repeated-

lures than younger adults. Their false alarm rate to the repeated-lures was particularly 

high, to the point that it did not differ from their hit rate to the target items. The authors 

concluded that, while older adults did not differ from young in their ability to remember 

previously presented faces, they were impaired in their ability to recall the source of their 

memory for the face. In other words, they did not use source or contextual information 
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regarding which list the face was from (i.e., the study list or the test list) to appropriately 

reject the repeated-lures. Older adults’ source memory abilities on this task correlated 

with their accuracy on a separate line-up task, which involved identifying a perpetrator 

that they had seen previously in a videotaped incident from an array of six photographs of 

faces (Memon et al., 2003), suggesting important real-world implications of false facial 

recognition. 

 

Recollection and Familiarity 

According to the dual-process theories of recognition, recollection and familiarity 

are separate processes that individuals may use to complete tests of recognition memory 

(Jacoby, 1991; Yonelinas, 2002). Recollection is a systematic process; it is slow, 

consciously controlled, and involves searching one’s memory for contextual details 

surrounding the event. Familiarity, on the other hand, is a more heuristic process; it is 

fast, automatic, and requires no active search of memory for contextual information. 

Researchers have argued that recollection and familiarity are distinct cognitive 

mechanisms (Jacoby, 1991; Yonelinas, 2002). Recollection is thought to operate as a 

threshold process, meaning recollection does not occur unless a memory trace is strong 

enough to reach a certain threshold. The process is all-or-nothing; items at or above that 

threshold will be recollected while those below the threshold will not. Familiarity, on the 

other hand, operates as a signal-detection process. Rather than an all-or-nothing threshold 

model, familiarity lies on a continuous dimension (i.e., something can feel slightly 

familiar, somewhat familiar, or very familiar). 
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When participants are presented with a face and asked to identify whether the 

item was shown to them previously, they may make this decision on the basis of 

recollection by attempting to recall some details surrounding when then face was shown. 

Alternatively, in the absence of specific source or contextual information to guide 

recognition decisions, the result may be an increased reliance on familiarity (Rapcsak et 

al., 1999). If participants are using familiarity to complete a recognition memory test, 

whether they call an item “old” or “new” will be determined by where they set their 

decision criteria. Setting familiarity criteria that are too lenient or too conservative may 

result in recognition errors, either false alarms or misses, respectively. Indeed, empirical 

studies have shown that reliance on familiarity can lead to errors on recognition memory 

tests, and that such familiarity-based errors are more common in older adults compared to 

younger adults (Anderson, Ebert, Jennings, Grady, Cabeza, & Graham, 2008; Prull, 

Dawes, Martin, Rosenberg, & Light, 2006; Rhodes, Castel, & Jacoby, 2008). 

A classic demonstration of familiarity-based recognition errors is the “false fame” 

effect (Jacoby, Kelley, Brown, & Jasechko, 1989). This paradigm involves presenting 

participants with a list of non-famous names (e.g., Sebastian Whorf). Participants are 

later presented with a list of names that contain both famous and non-famous names, and 

they are asked to indicate which names are famous. The false fame effect occurs when 

participants confuse non-famous names that they were exposed to previously with truly 

famous names. Older adults are more likely than younger adults to demonstrate the false 

fame effect to non-famous names (Dywan & Jacoby, 1990; Multhaup, 1995). Bartlett, 

Strater, and Fulton (1991) demonstrated the same effect of familiarity using non-famous 
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faces, as they found that older adults were more likely than younger adults to incorrectly 

label faces that they had seen one week prior as being “famous.” These errors indicate 

that older adults more often fail to use recollection when making recognition decisions, 

since if they had successfully recalled some contextual aspect of the original presentation, 

this information would have allowed them to correctly label the names and faces as being 

non-famous. 

Unfamiliar faces often bear a superficial resemblance to familiar faces and to face 

representations in memory, therefore, relying upon familiarity to make decisions on face 

recognition tests can lead to false positive errors (Bartlett & Fulton, 1991; Bastin & Van 

der Linden, 2003; Rhodes, Castel, & Jacoby, 2008). Bartlett and Fulton (1991) offered 

support for this theory by showing that older adults’ false alarm rate for novel faces was 

positively correlated with their subjective ratings of the faces’ familiarity. Bastin and Van 

der Linden (2003) also found that older adults relied more on familiarity and less on 

recollection compared to younger adults on tests of face recognition using a 

remember/know paradigm, which involves asking participants to judge whether they 

“remember” items or “know” items during the recognition memory test. Participants are 

instructed to respond with “remember” if they are able to remember any details from 

when the item was originally shown, such as a thought, an association, or a feeling; they 

are instructed to respond with “know” if the item feels familiar but they are unable to 

recall any details from when it was originally shown. Bastin and Van der Linden (2003) 

reported that older adults made significantly more “know” than “remember” responses, 

indicating a decreased ability to recall contextual information. This study also showed 
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that older adults perform more advantageously on face recognition tests when the format 

is two-alternative forced-choice rather than a yes/no recognition format, presumably 

because forced-choice tasks can be successfully completed using familiarity alone, while 

yes/no recognition tasks require recollection of contextual information in order to avoid 

making errors (Bastin & Van der Linden, 2003). 

Davidson and Glisky (2002) examined the neuropsychological correlates of 

recollection and familiarity in older adults using the “process dissociation procedure,” 

which involves presenting two lists of words to participants. This is followed by two 

types of recognition tests, the “inclusion” phase and the “exclusion” phase. During the 

inclusion phase, participants identify all of the words that they saw during the study 

phase, regardless of which list they were on. During the exclusion phase, participants 

must identify words only from one of the lists. The inclusion phase can be completed 

using familiarity alone, while the exclusion phase requires that participants use 

recollection (since the items from the two lists will be equally familiar). Therefore, this 

paradigm allows for the calculation of the relative contribution of recollection and 

familiarity (Jacoby, 1991). Davidson and Glisky (2002) also related older adults’ 

performance on the process dissociation procedure to their performance on batteries of 

neuropsychological tests sensitive to frontal lobe and medial temporal lobe functioning. 

They found that medial temporal lobe functioning was important for both recollection 

and familiarity, while frontal lobe functioning played a role only in recollection 

(Davidson & Glisky, 2002). These findings are consistent with the frontal lobe hypothesis 
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of cognitive aging, as they link decline in recollection abilities to age-related changes in 

the prefrontal cortices. 

 

Conjunction Errors 

 One method that can be used to study the influence of familiarity on recognition 

memory tasks is to include stimuli that vary in their level of similarity to the studied 

items. If a participant is making recognition judgments on the basis of familiarity, they 

are likely to make more errors to conjunction items than to entirely novel items. 

“Conjunction” stimuli are items in which various parts of the study items have been 

recombined, such as combining features of a face or syllables of a word. Searcy and 

colleagues (1999) conducted a study with older adults using conjunction faces, in which 

the internal features (eyes, nose, and mouth) and the external features (hair, chin, and 

ears) were recombined at test. Participants studied 16 faces, each presented two times, 

followed by a test that included 8 target faces, 8 conjunction faces, and 8 new faces. 

Although older and younger adults demonstrated equal hit rates for target items, older 

adults showed higher false alarm rates to both conjunction faces and new faces. However, 

the age difference in false alarm rates on the conjunction faces appeared to be driven by 

perceptual processing deficits in a subgroup of the older adults. When the researchers 

split the older adults into two groups based on whether their performance on the Benton 

Facial Recognition Test (Benton, Sivan, Hamsher, Varney, & Spreen, 1983) was within 

or below the “normal” range, it was only the lower-scoring group that showed high rates 

of false alarms to conjunction faces, while the higher-scoring group performed equally to 
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young adults (Searcy et al., 1999). This study emphasizes the importance of considering 

the alternative hypothesis that perceptual processing deficits account for differences in 

face recognition in older adults, rather than assuming that recollection deficits are the 

only factor influencing performance. 

 Rubin, Van Petten, Glisky, & Newberg (1999) conducted a study of false 

recognition and aging in the verbal domain using conjunction words. The lures followed 

a gradient of similarity to the studied items; lures contained either two syllables in 

common with study list items (e.g., study list contained “barter” and “valley”; a 

conjunction lure was “barley”), one syllable in common with a study list item, or no 

syllables in common. It was found that false alarm rates increased as similarity to the 

study items increased for older and young adults. No significant differences were found 

in conjunction false alarms between older and younger adults, which is consistent with 

the findings of Searcy et al. (1999) once they had controlled for perceptual processing 

deficits. 

 The Rubin et al. (1999) study also explored individual differences within the older 

adult group by relating recognition memory performance to their frontal lobe functioning 

and medial temporal lobe functioning, which was determined based on older adults’ 

scores on neuropsychological testing. Individuals with “low” frontal functioning 

demonstrated elevated false alarm rates on the recognition memory test in comparison to 

those with “high” frontal functioning, resulting in reduced overall accuracy. Medial 

temporal lobe functioning did not influence face recognition accuracy; however, it did 

contribute to the pattern of false alarms on the task. Individuals with “high” medial 
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temporal lobe functioning demonstrated a decrease in false alarm rates that correspond to 

the level of similarity of the lure to the studied items (i.e., highest false alarms to 

conjunction words that shared two syllables with the studied items; fewest false alarms to 

words that shared no syllables in common). Those with “low” medial temporal lobe 

functioning, on the other hand, did not show this pattern, as false alarm rates were fairly 

similar for the three types of lures (Rubin et al.,1999). This study highlights the unique 

contribution of memory and executive functioning to recognition memory, as well as the 

diversity of performance that can be seen amongst older adults. 

 

The Current Study 

 While previous studies have used face recognition tests to examine either source 

monitoring errors (Memon et al., 2003) or conjunction errors (Searcy et al., 1999) in 

older adults, the current study was designed to examine these phenomena within the same 

participants using a single test. The first aim of this study was to explore the cognitive 

mechanisms underlying false facial recognition, including the influence of recollection 

and familiarity, as well as source monitoring abilities, by testing older and younger adults 

on a face recognition test that includes several different types of lures with varying levels 

of familiarity. Bartlett, Shastri, Abdi, and Neville-Smith (2009) developed a recognition 

memory paradigm that includes: 1) “familiarized lures,” which are faces that participants 

had been exposed to outside of the study list context, 2) conjunction faces, which are 

synthetic faces composed of a combination of features from two different studied faces, 

and 3) entirely new faces. Bartlett et al. (2009) studied the performance of a large group 
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of younger adults (n = 144) on this task. They found that participants had a relatively 

high rate of false alarms to the familiarized lures and conjunction lures as compared to 

entirely new faces. Nevertheless, younger adults’ hit rate for study faces was higher than 

their false alarm rate for any type of lure, indicating that they were able to use context 

recollection to some extent in order to oppose the familiarity of the familiarized lures and 

the facial features of the conjunctions (Bartlett et al., 2009). 

 For this study, it was hypothesized that older adults would have difficulty 

opposing the familiarity of faces to which they were previously exposed, resulting in 

higher false alarms than younger adults for the familiarized lures. Further, if older adults’ 

make their recognition decisions on the basis of familiarity alone, it was predicted that 

their false alarm rate for familiarized lures may even be as high as their hit rate for 

studied faces, as was found with the repeated-lures in the Memon et al. (2003) study.  

 Conjunction faces were predicted to produce fewer false alarms than familiarized 

lures; while participants would have been exposed to all parts of the conjunction faces 

during the study phase, they had never seen that particular arrangement of facial features, 

making the conjunction face less familiar then the original study items or the familiarized 

lures. Based on previous finding with conjunction faces (Searcy et al., 1999) and 

conjunction words (Rubin et al., 1999), it was hypothesized that there would be no 

difference in false alarm rates between older and younger adults on the conjunction lures. 

The entirely new faces on the recognition memory test were expected to produce the 

fewest number of false alarms for both older and younger adults in comparison to the 

other types of lures. However, since the pattern of performance often seen in older adults 
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on recognition memory tests is a normal hit rate with an elevated false alarm rate for new 

faces (Bartlett & Fulton, 1991; Bartlett et al., 1989; Fulton & Bartlett, 1991; Lamont et 

al., 2005; Searcy et al., 1999), it was hypothesized that hit rates would be equivalent 

between older and younger adults, but the older adult group would demonstrate more 

false recognition errors to new faces. 

This study also sought to explore the potential influence of perceptual processing 

abilities on false facial recognition. In addition to administering the Benton Facial 

Recognition Task, which was used by Searcy et al. (1999) to measure perceptual 

processing, the current study also used a test that is designed to measure how individuals 

process faces, specifically, the extent to which they rely on featural, configural, and 

contour information (Mondloch, Le Grand, & Maurer, 2002). This task, called the Jane 

Faces Test, involves making same/different judgments about faces that have been altered 

in some way, either by changing the spatial layout of the facial features, or by changing 

the features themselves.   

Studies have shown that adults process faces holistically, using both information 

about the configuration or spatial layout of facial features in addition to processing the 

individual features themselves (Cabeza & Kato, 2000; Mondloch et al., 2002). The Jane 

Faces Test will allow us to examine whether there are differences between older and 

younger adults in their ability to process configural or featural information from faces. 

The inclusion of the contour condition will also allow us to examine whether participants 

are sensitive to changes made to external facial features (e.g., jawline) versus changes 

made to internal facial features (e.g., eyes, nose, mouth). Finally, the Jane Faces Test 
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includes an inverted condition in which faces are presented upside-down. Inversion of 

faces has been shown to disrupt perceptual processing of faces, particularly configural 

processing (Mondloch et al., 2002). If older adults do indeed demonstrate higher rates of 

false alarms on the Bartlett Test, results from the Jane Faces Test will allow us to address 

the possibility that differences in recognition memory are related to perceptual processing 

abilities, which may include reduced configural processing in older adults. 

An additional aim of the current study was to explore the neuropsychological 

correlates of false facial recognition within the group of older adults, focusing on 

individual differences in executive functioning and memory processes. Glisky and 

colleagues (1995) developed a method of characterizing older adults on their frontal lobe 

functioning and medial temporal lobe functioning based on two batteries of tasks 

sensitive to neurological functioning in these areas, which have been shown to load onto 

two separate factors in factor analyses. Previous research on the neuropsychological 

correlates of recognition memory performance in patients with focal brain lesions have 

found that frontal lobe functioning is inversely related to false recognition, while medial 

temporal lobe functioning predicts true recognition (Rapcsak et al., 1999, 2002). 

Therefore, it was hypothesized that composite scores of frontal lobe functioning and 

medial temporal lobe functioning generated from the two batteries of neuropsychological 

tests would be related to older adults’ performance on the Bartlett Test. Specifically, 

older adults’ composite score of frontal lobe functioning was predicted to be inversely 

related to their false alarm rates on the recognition task, whereas their composite score of 

medial temporal lobe functioning was predicted to be positively related to their hit rate. 
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Methods 

Participants 

Participants for this study included 40 healthy, independently-living older adults 

and 40 younger adults. Demographic information for these two groups, including age, 

years of education, and gender is presented in Table 1. The older adult participants (mean 

age = 74.0, range = 63-86, SD = 6.2 years) were drawn from a database of individuals 

currently participating in a longitudinal study being conducted in the Aging and 

Cognition Lab at the University of Arizona. Inclusion criteria required that participants 

had no neurological or psychiatric conditions, no history of head injury, and no substance 

abuse problems. All older adult participants received neuropsychological testing, 

including a battery of tasks purportedly sensitive to frontal lobe functioning and a battery 

of tests sensitive to medial temporal lobe functioning, which have been shown to load 

onto two separate factors in factor analyses (Glisky et al., 1995). Measures comprising 

the “frontal lobe factor” included the number of categories achieved on a modified 

Wisconsin Card Sorting Task (Hart, Kwentus, Wade, & Taylor, 1988), the Mental 

Arithmetic subtest from the Wechsler Adult Intelligence Scale—Revised (Wechsler, 

1981), the Mental Control and Backward Digit Span subtests from the Wechsler Memory 

Scale—III (Wechsler, 1997), and the total number of words generated to the cues F, A, 

and S on a verbal fluency task (Spreen & Benton, 1977). Measures comprising the 

“medial temporal lobe factor” included the long-delay cued recall measure from the 

California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 1987), the Visual 

Paired Associates II subtest from the Wechsler Memory Score—Revised (Wechsler, 
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1981), and the Logical Memory I (first recall total score), Faces I, and Verbal Paired 

Associates I subtests of the Wechsler Memory Score—III (Wechsler, 1997). Participants 

in the study were selected based on their classification as having “high” or “low” frontal 

lobe functioning and “high” or “low” medial temporal lobe functioning based on 

composite z-scores of their performance relative to the group mean of a large sample of 

healthy older adults (Glisky & Kong, 2008; Glisky et al., 1995). Ten participants had 

high (i.e., positive) scores on both the frontal lobe and medial temporal lobe factor, ten 

had high scores on the frontal lobe factor and low (i.e., negative) scores on the medial 

temporal lobe factor, ten had low scores on the frontal lobe factor and high scores on the 

medial temporal lobe factor, and ten had low scores on both factors. Characteristics of 

these four neuropsychological groups are presented in Table 2. There were no differences 

between groups in terms of age, education, or gender, and no significant correlations 

were found between these demographic variables and either of the factor scores. 

The younger adult participants (mean age = 20.8, range = 18-28, SD = 2.2 years) 

for this study were recruited from a pool of undergraduates taking psychology courses at 

the University of Arizona. They received course credit for their participation. 

All older and younger participants were required to have normal or corrected 

eyesight based on a brief vision screening (American Optical Corporation, 1942) and 

performance within the normal range on the Benton Facial Recognition Test (Benton et 

al., 1983), indicating that basic face perception abilities were intact. There was no 

significant difference in mean performance on the Benton Facial Recognition Test 

between older and younger adults. 
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Table 1: Demographic Information for Older and Younger Adults 
_________________________________________________________________________________________ 

 

Older Adults (n=40)  Younger Adults (n=40) 
 

Variable             M            SD    M            SD 
_________________________________________________________________________________________ 
 

Age (years)            74.1          6.2   20.8          2.2 
Education (years)        15.8          2.8   13.6          1.2 
Gender   21 male/19 female  20 male/20 female 
BFRT Total                  48.0          3.8                          47.1          3.2 
_________________________________________________________________________________________ 

BFRT = Benton Facial Recognition Test (normal range = 41-54) 

 
 
 
Table 2: Characteristics of Older Adults by Neuropsychological Group 
____________________________________________________________________________________________________________ 
 

                  High FL function                                        Low FL function 
 

                High MTL                 Low MTL                 High MTL        Low MTL 
    function (n=10)         function (n=10)         function (n=10)         function (n=10) 
 

Variable        M          SD                M          SD                M          SD                M          SD 
____________________________________________________________________________________________________________ 
 

Age (years)       72.6       4.5               73.8       5.7               76.5       7.5               73.4       7.2      
Education (years)    16.6       2.7               16.5       2.6               15.9       3.0               14.5       2.6 
Gender                    4 male/6 fema1e       5 male/5 female       5 male/5 female       7 male/3 female 
FL Score                     .48       .28                 .54       .40              – .43       .26              – .70       .37             
MTL Score           .59       .32               –.43       .29                 .47       .32              – .42       .48 
____________________________________________________________________________________________________________ 

FL = frontal lobe; MTL = medial temporal lobe 
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Materials 

Bartlett Test – All participants completed a recognition memory test for faces that 

was used in the Bartlett et al. (2009) study. The stimuli for the test were black-and-white 

images of Caucasian faces, including male/female and young/old faces. The task 

involved three phases: the familiarization phase, the study phase, and the test phase. In 

the first phase of the study, participants were shown a set of 32 faces, the “familiarization 

list,” three times. The faces were shown in a different sequential order for each of the 

three presentations, and participants were asked to rate the faces on a different personality 

trait (trustworthiness, attractiveness, and intelligence) during each presentation. Faces 

were exposed for 2 seconds each, with an inter-stimulus delay of 3 seconds during which 

participants indicated their rating in writing. 

Following the familiarization phase, participants were shown the “study list,” 

which was composed of 64 faces that had not been included in the familiarization list, 

each displayed for 2 seconds. The study list was also presented three times, in a different 

sequential order each time. Participants passively viewed the faces during each of the 

three presentations, and they were instructed to remember the faces for a later memory 

test. 

During the test phase, participants were presented with 128 faces and their task 

was to indicate whether each face was “old” (on the study list) or “new” (not on the study 

list). Each face was exposed for 2 seconds each, with an inter-stimulus delay of 4 seconds 

during which participants indicated their response in writing. The test list included 32 

targets (study faces) and three different types of lures: 32 familiarized lures (faces from 
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the familiarization list), 32 conjunction faces, and 32 entirely new faces. Conjunction 

faces were created by transposing the inner facial regions (eyes, nose, and mouth) and the 

outer facial regions (hair, ears, and jaw line) from two “parent” faces, both of which were 

seen in the study list. An example of two parent faces and two conjunction faces is shown 

in Figure 1. Parent and conjunction faces were counterbalanced across subjects. In 

addition, the specific faces that made up the familiarization list, the study list, and the 

new lures were counterbalanced across subjects. 

Participants were explicitly told that the test list would include faces from the 

study list, faces that were combinations of two study list items (participants were shown 

the example in Figure 1), faces that they had rated for personality traits, and new faces. 

They were instructed to respond with “old” only when they thought they had seen the 

exact same face before in the study list, and to respond with “new” to all other faces. 

Participants were given the chance to ask questions and care was taken to ensure that all 

participants understood the instructions prior to beginning the test phase. 

The entire test, including the familiarization phase, the study phase, and the test 

phase took approximately 45 minutes to complete. 
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Figure 1: Example Stimuli from Bartlett Test: Two Parent Faces (A & B) and Two 
Conjunction Faces (C & D) 
 

 
 

Jane Faces Test – All of the younger participants and a subset of the older 

participants (n=19) completed the Jane Faces Test (Mondloch et al., 2002). The stimuli 

for this test were black-and-white images of a single face, all of which were modified 

versions of “Jane,” a Caucasian female. The 12 modified images, which were referred to 

as Jane’s “sisters,” are shown in Figure 2. They were designed by altering either 1) the 

spatial layout of the facial features, 2) the actual features of the face, or 3) the external 

contour of the face. For the “featural” set, four faces were created by replacing Jane’s 

facial features with the eyes and mouths from different female faces, while maintaining 

the spatial layout of the features. For the “spacing” set, four faces were created by 

altering the position of Jane’s eyes and mouth by moving them either up or down. For the 

“contour” set, four faces were created by pasting the internal portion of Jane’s face onto 

the outer contour of different female faces. This test also included a control set of stimuli 
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that consisted of the original Jane face and three female faces (called Jane’s “cousins”) 

which differed from Jane in spatial layout, individual features, and external contour. For 

all of the images in this test, the female was shown wearing a surgical cap covering that 

covered her hair and ears, in order to encourage the participant to focus on the face 

(Mondloch et al., 2002). 

During this test, participants were shown two faces and they were required to 

make same/different judgments. The two faces were presented on the computer screen in 

sequential order; the first face appeared for 200 ms and, following a 300 ms interstimulus 

interval, the second face appeared and remained on the screen until the participant made 

their response. Participants make their responses via a keyboard press; they pressed a key 

labeled with an “S” if they thought the two faces were the same, and a key labeled with a 

“D” if they thought the two faces were different. They were instructed to make their 

same/different judgments as quickly as they could, but also as accurately as possible. 

Participants completed 180 trials with the “sisters” stimuli, including 90 upright 

trials followed by 90 inverted trials. Prior to each condition, participants completed six 

practice trials in order to familiarize them with the task. The test trials were divided into 

three blocks; 30 trials using the spacing set, 30 trials using the featural set, and 30 trials 

using the contour set. Within each block, half of the trials portrayed the same sisters and 

half portrayed different sisters, in a randomized order. The order of the blocks was 

counterbalanced across participants. Following the 180 trials with the sister stimuli, 

participants were given 64 trials with Jane and her “cousins,” including 32 upright trials 

and 32 inverted trials. The entire task took approximately 20 minutes to complete. 
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Figure 2: Stimuli from Jane Faces Test: Jane’s “Sisters” (Row 1: Spacing Set, Row 2: 
Featural Set, Row 3: Contour Set) 
 

 
 

Procedure 

Participants were tested individually in a small, quiet testing room in the 

Department of Psychology at the University of Arizona. Sessions were held at 

approximately the same time for all older adults (i.e., morning) in order to minimize the 

effect of time-of-day on performance. Face tasks were given in the following order for all 

participants: Bartlett Test, Benton Facial Recognition Test, and Jane Faces Test. The 

study was approved by the Human Subjects Committee at the University of Arizona and 

informed consent was obtained from all participants prior to testing. Participants were 

reimbursed at an hourly rate in the form of financial compensation for older adults or 

course credit for younger adults. 
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Results 

Bartlett Test – Hit and false alarm rates for the older and younger adults are 

presented in Figure 3. These values represent the proportion of items that the participants 

endorsed as “old” on the recognition memory test. For the younger adults, the average hit 

rate for target items was .69, while the average false alarm rate for familiarized lures, 

conjunctions, and new faces was .38, .41, and .09, respectively. There was no significant 

difference between false alarm rates for familiarized lures and conjunctions within the 

younger adult group, t(39) = .68, p > .05. The overall pattern of hits and false alarms in 

the younger adults was hits > false alarms to familiarized lures = false alarms to 

conjunctions > false alarms to new faces. These findings are comparable to the results of 

the Bartlett et al. (2009) study with 144 young adult participants.  

For the older adults, the average hit rate for target items was .71, while the 

average false alarm rate for familiarized lures, conjunctions, and new faces was .71, .45., 

and .15, respectively. There was no significant difference between older adults’ hit rate 

for target items and their false alarm rate for familiarized lures, t(39) = -.15, p > .05, 

indicating that they could not reliably discriminate between the familiarized lures and the 

study faces. The overall pattern of hits and false alarms in older adults was hits = false 

alarms to familiarized lures > false alarms to conjunctions > false alarms to new faces. 

In comparison to the younger adults, the older adults showed a striking elevation 

in their false alarm rate for familiarized lures, t(78) = 7.06, p < .001. There were no 

significant differences between groups for hit rates, t(78) = .47, p > .05, or false alarm 

rates to conjunctions, t(78) = 1.12, p > .05. The older adults demonstrated a trend towards 
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a higher false alarm rate to new faces than younger adults, t(78) = 1.85, p = .07. 

However, corrected recognition scores, which were calculated by subtracting false alarm 

rates for new faces from hit rates, did not differ between groups, t(78) = -.91, p > .05. 

(Additional results from factor analyses of Bartlett Test data are presented in the 

Appendix A.) 

Jane Faces Test – Performance scores for older and younger adults on the Jane 

Faces Test are presented in Figure 4. These values represent the proportion of trials to 

which participants made accurate same/different judgments. No differences between 

older and younger adults were found for the spacing condition (upright: t(57) = -1.63, p > 

.05; inverted: t(57) = -.35, p > .05) or the featural condition (upright: t(57) = .50, p > .05; 

inverted: t(57) = -.18, p > .05). To measure the inversion effect, accuracy scores on the 

inverted trials were subtracted from accuracy scores on the upright trials for each 

condition. The detrimental effect of inversion on performance was equivalent for both 

groups for the spacing condition, t(57) = -1.23, p > .05, and featural condition, t(57) = 

.59, p > .05. 

For the contour condition, younger adults outperformed older adults on the 

upright trials, t(57) = .-4.02, p < .001, but not the inverted trials, t(57) = -1.43, p > .05. 

Younger adults also showed greater accuracy on the cousins condition for the inverted 

trials, t(57) = -2.09, p < .05, but not the upright trials, t(57) = .35, p > .05. As a result of 

these group differences, there was a greater inversion effect in the younger adults for the 

contour condition, t(57) = -2.16, p < .05, and a greater inversion effect in the older adults 

for the cousins condition, t(57) = 2.44, p < .05. 
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Figure 3: Performance on Bartlett Test: Older Adults and Younger Adults 
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Figure 4: Performance on the Jane Faces Test: Older Adults and Younger Adults 
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Neuropsychological Correlates of Recognition Memory 

The older adults were divided into four groups based on their composite scores of 

frontal lobe functioning and medial temporal lobe functioning; 10 participants were 

classified as high frontal/high medial temporal, 10 were high frontal/low medial 

temporal, 10 were low frontal/high medial temporal, and 10 were low frontal/low medial 

temporal. Hit and false alarm rates for older adults based on their factor score 

classification are presented in Figure 5. An ANOVA was performed using the frontal 

factor and the medial temporal lobe factor as between-group variables, and the four 

measures from the Bartlett Test as within-group variables. Results revealed no significant 

main effects of either the frontal factor group, F(1, 36) = .02, p > .05, or the medial 

temporal lobe factor group, F(1, 36) = 1.35, p > .05, on recognition memory 

performance, and no interaction between the two factors, F(1, 36) = .54, p > .05. 

Correlational analysis, however, revealed a significant negative correlation between the 

medial temporal lobe factor and false alarms on familiarized lures, r = -.38, p = .016 (see 

Figure 6). No significant correlations were found with the frontal lobe factor. There were 

also no significant relationships between either factor score with performance on the Jane 

Faces Test. 
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Figure 5: Performance on Bartlett Test: Neuropsychological Group 
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Figure 6: Correlation Between Medial Temporal Lobe Factor and False Alarm Rate for 
Familiarized Lures (r = -.38) 
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Discussion 

Recognition Memory Performance 

This study manipulated the level of familiarity of various types of lures in a 

recognition memory test for faces. Lures included 1) familiarized lures, which were faces 

that participants were exposed to outside of the study list context, 2) conjunction faces, 

which were synthetic faces composed of a combination of features from two different 

faces on the study list, and 3) entirely new faces. Results revealed that older adults had a 

higher false alarm rate to the familiarized lures than younger adults. Older adults also 

showed a slight, but nonsignificant, elevation in false alarms to new faces. Older and 

younger adults did not differ in their false alarm rate to conjunction faces or their hit rate 

to study faces. 

Within the group of younger adults, the overall pattern of hits and false alarms 

was hits > false alarms to familiarized lures = false alarms to conjunctions > false 

alarms to new faces. These results replicate the findings from the Bartlett et al. (2009) 

study with 144 young adult participants. The familiarized lures in this experiment were 

equal in familiarity to the study faces, since both lists were presented to the participant 

three times. Therefore, the younger adults’ ability to accurately reject many of the 

familiarized lures (68% of them) during the recognition test indicates that they were able 

to use recollection of the source/context surrounding when they initially viewed these 

items. 

Older adults, on the other hand, demonstrated an elevated number of false alarms 

for familiarized lures, to the point that their false alarm rate for familiarized lures did not 
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differ significantly from their hit rate for the study faces. This inability to discriminate 

between the two lists of faces is consistent with an age-related deficit in source 

monitoring. Older adults demonstrated intact item memory, as they had no difficulty 

remembering the familiarized lures or the study faces, indicated by a hit rate that was 

equal to younger adults. However, their source memory was impaired, as they could not 

recall the context surrounding their memory for the faces (i.e., which list the face was 

from). In the absence of recollection, older adults appeared to rely on familiarity to make 

recognition decisions, as their pattern of performance (hits = false alarms to familiarized 

lures > false alarms to conjunctions > false alarms to new faces) corresponds directly to 

the gradient of familiarity of the various types of items in the recognition memory test.  

The finding that older adults had difficulty rejecting highly familiar lures is 

consistent with a recent study using verbal materials in which both older adults and 

patients with traumatic brain injury demonstrated an elevated false alarm rate to items 

from a “pre-exposure” list of words, despite normal hits rates in comparison to young 

adults (Ozen, Skinner, & Fernandes, 2010). In this study, words on the pre-exposure list 

and the study list were presented to participants either one time or three times. False 

alarms to pre-exposure words that were presented three times led to the highest rate of 

false recognition for older adults and traumatic brain injury patients, to the point that 

false alarm rates were higher than hit rates to study items presented once, and did not 

differ from hit rates to study list items presented three times. The authors suggest that 

older adults and patients with traumatic brain injury may have similar cognitive profiles, 

characterized by intact memory for the target items with an impaired ability to reject 
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familiar, distracting information. A relationship between false alarms to the pre-exposure 

items and poorer performance on neuropsychological tests of executive functioning was 

also found, indicating that changes in the frontal lobes due to aging or brain injury may 

underlie the deficits in recognition memory performance observed in these two 

populations (Ozen et al., 2010). 

As hypothesized, the older adults made fewer false alarm errors to conjunction 

faces than to familiarized lures, and there was no difference in false alarm rates for 

conjunctions between older and younger adults. Conjunction lures had facial features in 

common with the study faces, but the features had never been arranged in that particular 

configuration, likely generating a weaker familiarity signal than the intact study faces. 

Jones and Bartlett (in press) have argued that familiarity is the sole process underlying 

conjunction errors, as their studies have shown that even young adults are unable to use 

recollection of study face configuration in order to avoid conjunction errors. 

The role of familiarity in conjunction errors is also supported by the finding that 

false alarms to conjunctions increase when study lists are shorter or when the faces are 

presented at a slower rate (Jones, Bartlett & Wade, 2006). If participants were using 

recollection of “parent” faces to reject conjunctions, then increasing the memory strength 

for parent faces in the study list (through less interference or increase study time) should 

decrease conjunction errors. Instead, the shorter list or slower presentation of the parent 

faces served to increase the familiarity of the facial features, which resulted in the ironic 

effect of more familiarity-based conjunction errors. A similar effect was reported by 

Jones and Jacoby (2005), who conducted a study using conjunction words. They found an 
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ironic effect of repetition, as presenting a study list of words multiple times lead to an 

increase in false alarm errors for conjunction words in older adults. Interestingly, the 

effect of repetition was opposite in younger adults; repetition of the study list decreased 

conjunction errors in the younger participants. These findings suggest that younger adults 

were successfully using recollection of the “parent” words from the study list in order to 

reject conjunction lures, while the older adults were relying on familiarity of the word-

parts to make their recognition decisions (Jones & Jacoby, 2005). 

Older adults have been shown to have no difficulty with true recognition of faces 

(Bartlett & Fulton, 1991; Bartlett et al., 1989; Fulton & Bartlett, 1991; Lamont et al., 

2005; Searcy et al., 1999), and this was supported by the similar hit rates between 

younger and older adults. Older adults also showed a slight increase in false alarms rates 

to new faces compared to younger adults; however, this difference did not reach 

significance in the current study. This could potentially be due to the inclusion of the 

familiarized lures and conjunctions in the recognition memory test; the contrast between 

the entirely new faces and the more familiar-looking lures may have reduced the 

likelihood of an older adult falsely recognizing the new faces. 

 In sum, the overall pattern of false alarms seen in older adults is consistent with a 

familiarity-based response strategy, as older adults’ deficit in false facial recognition on 

this test was restricted to familiarized lures, items that required recollection to accurately 

reject. The familiarization list and the study list were both presented to participants three 

times, making the faces on these two lists equally familiar to participants. In fact, it may 

have been the case that the study design made familiarized lures more memorable than 
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the study list faces. Participants rated the familiarized lures for various personality traits, 

causing the faces to be processed more deeply than the faces on the study list, which were 

viewed passively (Bower & Karlin, 1974; Craik & Lockhart, 1972). This deeper 

processing of the familiarized lures may have partly accounted for the very high rates of 

false alarms to these stimuli. Nonetheless, the familiarity-based response strategy shown 

by older adults in this study supports the notion from the dual-process theory of 

recognition that automatic memory processes such as familiarity remain intact with age, 

while more controlled memory processes such as recollection show age-related decline 

(Jacoby, 1991; Yonelinas, 2002). 

 

Role of Perceptual Processing in False Facial Recognition 

Older and younger adults in this study did not differ in their performance on the 

Benton Facial Recognition Task. In addition, their performance on the spacing and 

featural conditions of the Jane Faces Test, both upright and inverted, were not 

significantly different, indicating that the groups were equally able to extract information 

about both the features of a face and the configuration or spatial layout of those features. 

The similar false alarm rates on the conjunction faces in the Bartlett Test offers further 

evidence that both older and younger adults automatically processed facial configuration; 

processing only facial features would likely have lead to higher false alarm rates to 

conjunctions since the features themselves were exactly the same from study to test. 

Therefore, older adults’ elevated rate of false recognition for familiarized lures on the 
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Bartlett Test does not appear to be adequately explained by impairments in perceptual 

processing abilities. 

 There were, however, group differences on two of the other conditions in the Jane 

Faces Test. On the contour condition, which involved manipulating the external contour 

or shape of the face, older adults did not perform as well as younger adults for upright 

faces. This difference suggests older adults may be less attentive to the external aspects 

of a face (i.e., jawline) than the internal facial region (i.e., eyes, nose, and mouth). 

Whether this difference in perceptual processing might affect false facial recognition 

could not be addressed by the current study, as the conjunction faces in the Bartlett Test 

were composed of internal features and external features from two study list items. In 

other words, both the internal and external regions of the conjunction faces were familiar 

to participants. Future studies should include a new condition in which half of the 

conjunction face (either the internal or external features) is from a study face and the 

other half is from a new, unstudied face. If older adults are indeed less likely to process 

the external contour of faces than younger adults, they would be expected to show fewer 

false alarms to the conjunction faces that share external features with a study list item. 

The other condition that showed a difference in accuracy between older and 

younger groups was the “cousins” condition with inverted faces. This condition was 

meant to serve as a control condition for the inverted faces (Mondloch, 2002). Given that 

older adults performed similarity to younger adults on the three experimental conditions 

with inverted faces (spacing, featural, and contour), their lower performance on the 

control condition is somewhat difficult to interpret. However, it is possible that the lower 
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performance is simply the result of fatigue, since the Jane Faces Test was given at the end 

of the testing session, and the inverted “cousins” condition is the final condition in the 

test. Indeed, many of the older adults reported that they found the Jane Faces Test to be 

difficult and exhausting. Counterbalancing the conditions in the Jane Faces Test could 

address the possibility that the lower performance of the older adults was the result of 

fatigue, rather than a true difference in perceptual processing ability. 

 

Role of Memory and Executive Functioning in False Facial Recognition 

 Based on the findings of Rubin et al. (1999), a study of false recognition in the 

verbal domain that used the same methodology as the current study to characterize older 

adults’ neuropsychological functioning, it was hypothesized that frontal lobe functioning 

in the older adults would be inversely related to false alarm rates, while medial temporal 

lobe functioning would predict hit rates. The results, however, revealed that performance 

on the Bartlett Test did not differ across the four neuropsychological groups. In the 

current study, false alarm rates for all types of lures were unrelated to frontal lobe 

functioning. In the Rubin et al. (1999) study, on the other hand, higher scores on the 

frontal factor were associated with fewer false alarms on a recognition memory task that 

included three types of lures: 1) syllable lures, which were words that shared one syllable 

with a study list item, 2) conjunction words, which were words that shared two syllables 

with study list items, and 3) new words with no syllables in common. Although the 

results from the two studies are not directly comparable since they included different 

conditions, it appears that older adults with strong executive functioning abilities were 
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able to accurately reject lures in the verbal task but not in the face recognition task. The 

failure to find an effect of frontal lobe functioning in the current study is also discrepant 

with the results of the Ozen et al. (2010), which also used verbal stimuli. Possible 

explanations for these discrepant findings include differences in the level of familiarity of 

the lures on the recognition memory tasks, as well as differences in older adults’ ability to 

develop strategies when working with words or faces. 

 The pattern of false alarms that was observed in all four neuropsychological 

groups in the current study was characterized by a very high false alarm rate to 

familiarized lures (67% to 76%., which was equal to hit rates), a relatively low false 

alarm rate to new faces (13% to 18%), and false alarm rates to conjunctions falling in 

between (40% to 51%). The contrast in familiarity created by the types of lures used in 

this task, from the highly familiar familiarized lures to the completely unfamiliar new 

faces, appears to have been the critical factor that determined participants’ pattern of 

responses, rather than their frontal lobe functioning. In the verbal study, on the other 

hand, the level of familiarity of the types of lures, as well as the false alarm rates 

themselves, fell within a much narrower range of each other. In addition, false alarm rates 

for new word lures (21% to 45%) were higher than false alarm rates for new faces in the 

current study, potentially because the new words may still have generated some sense of 

familiarity in the participants; unlike the novel faces, participants had pre-experimental 

exposure to the “new” words. Therefore, it is possible that the different gradients of 

familiarity in these two studies contributed to the discrepant finings with regard to the 

role of frontal lobe functioning. 
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 Another potential explanation for the lack of a frontal lobe effect in the current 

study is that older adults may have experienced more difficulty developing strategies to 

avoid false alarms on the face task than on the word task. Faces may be difficult to 

verbalize and, therefore, may not lend themselves to strategies as well as words. If this is 

the case, even those individuals with strong executive functioning abilities may have 

been unable to develop an effective method for rejecting the familiarized lures. We can 

begin to address this possibility in the current study since, after completing the Bartlett 

Test, all participants filled out a questionnaire that asked whether they adopted any 

specific strategy/strategies to accomplish the task. For the older adult group, 18 

participants reported having no particular strategy, 17 focused on distinguishing features 

of the faces, 2 focused on facial expressions, 2 tried to assign a name to each face, and 1 

reported using the familiarity of the face. By contrast, only 6 of the younger adult 

participants reported using no particular strategy. (Other strategies reported by younger 

adults included: 18 focused on distinguishing features of the faces, 2 focused on facial 

expressions, 4 tried to assign a name to each face, 4 related the face to a person that they 

knew, 3 thought about whether they had judged the face for personality traits, 1 assigned 

a job to each face, 1 associated a single word to each face, and 1 focused on the 

symmetry of the face). The posttest questionnaire also confirmed that older adults did 

understand and remember the test instructions (including which faces to call “old” and 

which to call “new”), and several reported that it was particularly difficult for them to 

remember whether faces were from the study list or the list of faces that they had rated 

for personality traits. Nonetheless, the recognition test was quite long (128 faces) and the 
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possibility remains that some of the participants may have lost sight of the instructions 

while they were engaged in the test. Future studies should continue to explore the types 

of strategies used by older and younger adults in a more formal way by asking follow-up 

questions regarding the specifics of the strategy and how it was implemented during the 

recognition test. In addition, it may be useful for future studies to include a recognition 

memory test for both verbal and facial stimuli in order to test the hypothesis that it is 

more difficult to develop strategies when working with faces than with words. 

 Although frontal lobe functioning did not play a significant role in recognition 

memory performance in the current study, there was a significant negative correlation 

between older adults’ scores of medial temporal lobe functioning and their false alarm 

rate to the familiarized lures on the Bartlett Test. In other words, those individuals with 

high medial temporal lobe functioning made fewer errors on the familiarized lures. This 

correlation appeared to be driven by a subgroup of six individuals who had both low false 

alarm rates (less than 50%) and high medial temporal lobe functioning (see Figure 6). In 

order to determine whether the low false alarm rates in these individuals were the results 

of using recollection to suppress false alarms or simply the result of a conservative 

response bias, memory discrimination indexes were calculated for familiarized lures 

(using the formula: hits – false alarms to familiarized lures). Since hits can be accepted 

on the basis of either recollection or familiarity, while false alarms to familiarized lures 

are due to familiarity alone, this formula yields a value which could be thought to reflect 

recollection. Although these recollection scores were unrelated to medial temporal lobe 

functioning in the entire group of older adults as a whole, it was found that four of the six 



 

 

49 

individuals with the lowest false alarms to familiarized lures also had the highest 

recollection scores (2 standard deviations above the group mean). Response biases for 

these individuals, on the other hand, were in the average range for the group. This 

provides some evidence that these older adults were using recollection to suppress false 

recognition errors to these highly familiar lures. 

 The correlation between medial temporal lobe functioning and false alarms to 

familiarized lures suggests that the group differences in false recognition between older 

and younger adults were due to age-related impairments in medial-temporally based 

recollection processes, rather than frontally-based recollection processes. Previous 

research using the same composite measures of brain functioning that were used in the 

current study suggested that recollection depends on both medial temporal lobe and 

frontal lobe functioning (Davidson & Glisky, 2002). Within the medial temporal lobe, 

recollection processes are thought to be critically dependent on the hippocampus, while 

familiarity has been associated with adjacent perirhinal cortex (Eichenbaum, Yonelinas, 

& Ranganath, 2007; Suchan, Gayk, Schmid, Koster, & Daum, 2008). Since older adult 

participants in this study seemed unable to use their executive functioning abilities (e.g., 

strategies) to improve their performance on the Bartlett Test, it was differences in medial-

temporally based recollection processes that drove their performance. 

 

Conclusions, Caveats, and Future Directions 

This study examined false facial recognition in older and younger adults using a 

recognition memory test that included several types of lures which followed a gradient of 
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familiarity from highly familiar to unfamiliar. This design allowed for an examination of 

source monitoring errors, conjunction errors, and the use of recollection and familiarity 

within a single task. Older adults demonstrated a deficit in source monitoring and 

impaired recollection of contextual information, as they could not reliably discriminate 

between the familiarized lures and the study faces, which were equal in familiarity. In the 

absence of recollection, older adults appeared to rely on familiarity when making 

recognition decisions, as evidenced by a response pattern that corresponded directly to 

the gradient of familiarity of the items on the test. Conjunctions and new faces can be 

discriminated from study items based on the strength of the familiarity signal alone 

(Jones & Bartlett, in press), and for these items the pattern of performance was similar in 

older and younger adults. The elevation in false alarms for familiarized lures in older 

adults cannot be adequately explained by perceptual processing deficits, as older and 

younger adults performed similarly on measures of configural and featural processing. 

However, impairments in medial-temporally based recollection processes may have 

contributed to differences in false recognition between older and younger adults, as high 

medial temporal lobe functioning was significantly related to fewer false positive errors 

on the familiarized lures. No effect of frontal lobe functioning was found, potentially due 

to the high degree of contrast in the familiarity of the difference types of lures, or the 

inability of older adults to generate effective strategies for rejecting highly familiar faces. 

One limitation of the current study is the use of neuropsychological tests to 

characterize older adults’ frontal lobe and medial temporal lobe functioning, as they are 

indirect measures of neurological functioning. Future studies using neuroimaging 
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techniques are needed in order to directly link recognition memory performance on the 

Bartlett Test with brain activity in older and younger adults. One hypothesis for such a 

study is that, for the correctly rejected lures, activity in the prefrontal cortex would 

increase as a function of the level of familiarity of the lure. As familiarity increases, there 

is a greater need for recollection of contextual information in order to appropriately reject 

that lure, which should place greater demand on prefrontal regions.  

Another potential limitation to the current study is that, while participants were 

briefly asked about the strategies they used to complete the Bartlett Test, participants 

were not probed further about their approach to the task or how they made recognition 

decisions when they were uncertain. It would be informative to obtain more information 

from the younger adults, who were more successful at rejecting the highly familiar lures 

than the older adults. A potentially useful direction for future research in the area of false 

facial recognition would be to examine whether older adults can benefit from these 

strategies if the techniques are provided to them. One strategy that participants could 

have used in the current study in order to distinguish familiarized lures from study list 

faces would have been to consider whether they had previously rated each face for 

trustworthiness, attractiveness, and intelligence (familiarized lures were rated for 

personality traits while study faces were not). Three of the young adult participants in the 

current study reported that they used this particularly strategy, and it appears it may have 

been somewhat successful since the average false alarm rate to familiarized lures for 

these three individuals was .20 (in comparison to a false alarm rate of .38 for the entire 

group of young adults). 
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It may not be sufficient, however, to simply inform older adults of effective 

strategies that could aid with list discrimination or recollection of contextual information, 

since they may be unable to implement the strategy. However, techniques that serve to 

integrate the face with the study context may prove to be effective. Glisky and colleagues 

(2001) demonstrated the effectiveness of this type of integrative strategy in a source 

memory study with older adults. One of the experimental tasks in this study involved 

presenting pictures of chairs (the item) in difference rooms (the source) and asking 

participants to make judgment about how comfortable the chair appeared. Participants 

were then given an item memory test and a source memory test. It was found that older 

adults with low frontal lobe functioning had deficits in source memory, as they could not 

recall in which room the chairs were presented. However, this deficit was eliminated with 

a slight change in the procedure; instead of asking older adults to judge how comfortable 

the chair was, they were asked to judge how well the chair fit into the room. Asking this 

question during encoding forced the participants to integrate the item and the source, 

resulting in significantly improved performance. 

Developing similar strategies to assist older adults in integrating faces with their 

context could potentially reduce the rate of familiarity-based errors. Exploring potential 

ways to decrease false facial recognition and to improve source memory in older adults 

certainly warrants further research, as findings could have practical implications, such 

improving eye-witness testimony or decreasing everyday errors in facial recognition, 

which could have positive implications for the social or interpersonal functioning of older 

adults. 
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STUDY 2: False Facial Recognition in Patients with Frontotemporal Dementia 

Background 

The ability to recognize faces can be dramatically altered after acquired injury to 

specific areas of the brain, which can result from neurological disease or injury. Previous 

studies of patients with focal damage to the brain have demonstrated that accurate 

recognition of faces, as well as words, involves both memory and executive control 

systems (Melo, Winocur, & Moscovitch, 1999; Racpsak et al., 1999). These two systems 

work together to produce accurate recognition; therefore, deficits in either memory or 

executive functioning may lead to recognition errors. 

 

Face Recognition in Patients with Focal Brain Lesions 

Studies of patients who have sustained focal brain lesions have revealed different 

patterns of performance on face recognition memory tests depending on the location of 

the damage (Rapcsak et al. 1999, 2002). A study by Rapcsak et al. (1999) examined face 

recognition abilities in two groups of patients, those with frontal lobe damage and those 

with medial temporal lobe damage. Participants completed an anterograde recognition 

memory test, which involved learning a set of novel faces and making yes/no recognition 

decisions regarding whether faces were seen in the studied set. When compared to 

healthy controls, patients with frontal lobe damage had normal hit rates, but they showed 

pathologically elevated false alarm rates to unstudied faces. The patients with medial 

temporal lobe damage, on the other hand, had significantly lower hit rates than both 

healthy controls and frontal lobe patients, and false alarm rates that were significantly 
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lower than frontal lobe patients. Calculation of memory discrimination and bias indexes 

(Snodgrass & Corwin, 1988) revealed equally poor memory in the frontal and medial 

temporal lesion patients; however, only the frontal lesion patients demonstrated a liberal 

response bias resulting in an elevated rate of false facial recognition. These results 

suggest that false facial recognition is not the result of face memory loss per se, but rather 

a deficit in strategic memory retrieval and memory monitoring associated with frontal 

lobe damage (Rapcsak et al., 1999). Since the lures in the recognition memory test bore a 

general similarity to the study faces (all were young college students), the lures may have 

generated a sense of familiarity. Therefore, discriminating the study faces from the lures 

requires strategically searching one’s memory for item-specific contextual information 

surrounding when the face was originally seen. In addition, memory monitoring functions 

are needed to evaluate the retrieved memories and determine whether the quality or 

amount of information retrieved is sufficient to say that a face was on the study list. In the 

absence of such strategic retrieval and monitoring abilities, patients may have made their 

recognition decisions on the basis of familiarity alone, resulting in an elevated rate of 

false alarms (Rapcsak et al., 1999). 

Another possible explanation for the high rate of false alarms in frontal lesion 

patients is that without appropriate monitoring of memory, these patients made 

recognition decisions based on their memory for the general category or the “gist” of 

what they studied. Support for this theory is offered by an additional study by Rapcsak et 

al. (1999) which found that patients with frontal lobe damage made more false 

recognition errors to lures that were consistent with the category of faces that they had 
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studied (same gender and race) compared to lures that were inconsistent with the studied 

category (different gender and race). This reliance on gist memory was also evident on a 

retrograde memory test in which patients were asked to indicate which faces were 

familiar to them from a set that included both famous faces and “celebrity-type” (i.e., 

glamorous) faces. Frontal lesion patients made a large number of false recognition errors 

to the “celebrity-type” faces, consistent with an overreliance on general or “gist” memory 

for famous faces and a failure to monitor memory in order to retrieve item-specific 

information about each face (Rapcsak et al., 1999). 

The tendency to falsely recognize unfamiliar faces has also been reported in 

several case studies of patients with damage to the frontal lobes (Curran, Schacter, 

Norman, & Galluccio, 1997; Parkin et al., 1996; Parkin, Ward, Bindschaedler, Squires, & 

Powell, 1999; Schacter et al., 1996; Ward & Jones, 2003; Ward & Parkin, 2000; Ward et 

al., 1999). Ward and colleagues (1999) reported a patient (M.R.) who had a left frontal 

lobe lesion due to multiple sclerosis. While this patient was able to correctly identify 

truly famous faces, he also demonstrated high rates of false recognition to unfamiliar 

faces, an experience he described as “seeing film stars everywhere” (Ward et al., 1999). 

Evidence from several experiments with this patient has suggested that his false 

recognition does not appear to be driven by a reliance on facial familiarity alone. 

Specifically, the patient’s false alarm rates were found to be elevated for both “typical” 

(i.e., familiar) faces and “atypical” (i.e., less familiar) faces (Ward & Jones, 2003). In 

addition, he was inconsistent in the specific faces that he falsely recognized, suggesting 

that familiarity based on perceptual/physical properties of the face did not drive his 
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performance (Ward & Jones, 2003). A similar finding in the verbal domain was reported 

in a case study of a patient (J.B.) who had a left frontal lesion as a result of an anterior 

communicating artery aneurysm. This patient demonstrated high rates of false alarms to 

unstudied words on recognition memory tests; however, his false alarm rate was not 

affected by the degree of similarity between targets and lures, suggesting an over-reliance 

on the familiarity of each particular lure does not fully account for his deficit (Parkin et 

al., 1999). Finally, a case study of a patient (B.G.) who had a right frontal lesion due to a 

stroke found that pathologically high rates of false alarms for several types of stimuli 

(words, sounds, and pictures) persisted, regardless of the physical similarity between 

targets items and lures (Schacter et al., 1996). The tendency of patients J.B. and B.G. to 

falsely recognize items also extended to non-word or pseudoword stimuli, which would 

be thought to generate a much weaker familiarity signal than true words (Parkin et al., 

1999; Schacter et al., 1996). Taken together, these case studies suggest that false 

recognition is not the result of familiarity due to perceptual similarity (or semantic 

similarity in the case of words) between targets and lures. Instead, false facial recognition 

in these patients appears to be related to the use of general knowledge about the studied 

category rather than the use of specific information about the particular items on the 

study list (Curran et al., 1997, Schacter et al., 1996; Ward & Parkin, 2000; Ward et al., 

1999), a notion supported by the finding that many patients with frontal lobe damage tend 

not to false alarm to items that do not match the studied category (Rapcsak et al., 1999, 

2002; Schacter et al., 1996). 
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Overall, the heightened false recognition observed in patients with frontal lobe 

damage represents a dissociation from the pattern generally seen in patients with damage 

to medial temporal lobe regions, who tend to show reduced levels of veridical 

recognition. Given that temporal lobe structures play a role in the encoding of new 

information, damage to these regions is associated with a reduced hit rate for newly 

learned items in comparison to healthy controls (Rapcsak et al., 1999; Schacter, 1997). 

Patients with medial temporal lobe lesions also tend to show false alarm rates that are 

elevated in comparison to healthy control participants, potentially because weaker 

memory representations for study items makes it more difficult to discriminate study 

items from lures (Rapcsak et al., 1999; Schacter, 1997). Nonetheless, their false 

recognition is significantly lower than that of frontal lesion patients, as frontally-based 

mechanisms that allow for monitoring and verification of retrieved memories in response 

to lures are intact (Melo et al., 1999; Rapcsak et al., 1999; Verfaellie, Rapcsak, Keane, & 

Alexander, 2004). 

 

Frontotemporal Dementia: Frontal Lobe and Temporal Lobe Variants 

Frontotemporal dementia (FTD) is a degenerative disease that is associated with 

gradual atrophy of the frontal lobes and/or temporal lobes of the brain (Mendez, 2003; 

Wang & Miller, 2007). FTD is characterized by insidious onset, typically beginning 

between ages 50 and 60, and a progressive course. The extent of damage to frontal and 

temporal lobe regions can be quite variable in FTD, leading to a heterogeneous clinical 

presentation (Wang & Miller, 2007). However, specific subtypes of FTD have been 
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identified based on neuropsychological, behavioral, and neuropathological features. The 

current study focuses on patients with two particular subtypes of FTD, the temporal lobe 

variant and the frontal lobe variant. 

The temporal variant of FTD, referred to as semantic dementia, is a language 

disorder that is characterized by fluent speech, loss of semantic knowledge, impaired 

naming and comprehension, semantic paraphasias, and surface dyslexia. In addition, 

semantic dementia involves a deficit in recognition abilities, including impaired 

recognition of objects (object agnosia) and the identity of familiar faces (prosopagnosia) 

(Mendez, 2004). This deficit in object and face recognition is multimodal, meaning it is 

not restricted to the visual domain and patients’ recognition performance does not 

improve when they are given cues in other modalities (e.g., auditory, tactile) (Wang & 

Miller, 2007). Semantic dementia is associated with anterior temporal lobe atrophy; while 

the language deficits in semantic dementia are thought to specifically reflect left-sided 

anterior temporal lobe degeneration, many patients with semantic dementia present with 

bilateral anterior temporal lobe atrophy (Mummery, Patterson, Price, Ashburner, 

Frackowiak, & Hodges, 2000; Wang & Miller, 2007). 

The second subtype of FTD that is examined in this study is the frontal variant of 

FTD, also called the behavioral subtype. Characteristic features include changes in 

personality, impairments in social and interpersonal conduct, emotional blunting and 

apathy, loss of insight, mental inflexibility, perseverative and stereotyped behavior, 

disinhibition, and impulsivity (Mendez, 2003). Patients also demonstrate impairments in 

multitasking, planning, and problem solving (Wang & Miller, 2007). Reduced self-
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awareness and self-knowledge regarding their cognitive and behavioral impairments is a 

prominent feature of frontal variant FTD patients (Eslinger, Dennis, Moore, Antani, 

Hauck, Grossman, 2008). 

The behavioral variant of FTD is associated with degeneration in frontal lobe 

regions, including the dorsolateral, orbitofrontal, and medial frontal cortex (Rosen et al., 

2002; Wang & Miller, 2007). This form of FTD has also been associated with motor 

neuron disease, including amyotrophic lateral sclerosis (ALS), a degenerative disease of 

upper and lower motor neurons that causes progressive muscle weakness and spasticity 

(Murphy, Henry, Lomen-Hoerth, 2007). The reported prevalence of FTD in patients with 

ALS has ranged from 3% to 22% (Murphey et al., 2007), although up to 50% of ALS 

patients may demonstrate sub-threshold cognitive impairment (i.e., executive dysfunction 

and/or behavioral disturbances that are not severe enough to meet criteria for FTD) 

(Mackenzie, 2007). 

The frontal lobe variant and temporal lobe variant of FTD are associated with 

distinct neuropsychological profiles early in the course of the disease (Perry & Hodges, 

2000). Semantic dementia patients demonstrate deficits on tests of semantic memory, 

such as naming or category fluency, while showing preservation of attention and 

executive functioning abilities. Patients with the behavioral subtype show the opposite 

pattern, as they have impairments on tests of attention and executive functioning, 

including planning, set shifting, and sequencing, but they show relative preservation of 

semantic memory (Mendez, 2003; Perry & Hodges, 2000). Despite these distinct profiles, 

there may be some overlap of cognitive deficits in the two subtypes of FTD, particularly 



 

 

60 

as the disease progresses and neurological damage becomes more extensive (Mendez, 

2003).  

 

Face Recognition in Patients with Frontotemporal Dementia 

 While there have been several studies exploring face recognition in patients with 

focal brain lesions, false facial recognition in patients with FTD has received somewhat 

less attention. However, it has been reported that a subset of patients with semantic 

dementia experience prosopagnosia, characterized by difficulty recognizing familiar 

faces, including family and friends, as well as famous faces. Thompson, Patterson, & 

Hodges (2003) examined the symptomatic complaints of a large sample of semantic 

dementia patients (n = 47) and found that 34% of the patients reported difficulty 

recognizing familiar people. Prosopagnosia was particularly prominent for patients who 

had greater atrophy in right temporal lobe regions than left, affecting 91% of these 

individuals, as opposed to 17% of patients with greater atrophy in left temporal lobe 

regions (Thompson et al., 2003). This asymmetry between left and right temporal lobe 

damage was also found in a study by Simons, Graham, Galton, Patterson, and Hodges 

(2001), as patients with atrophy restricted to the left showed no impairment on a test of 

face recognition, while those with right-sided or bilateral damage were significantly 

impaired. Patients with left temporal lobe damage, however, demonstrated deficits in 

semantic knowledge about famous faces (i.e, inability to name or provide biographical 

information about celebrities), despite intact recognition memory (Simons et al., 2001). 

Snowden, Thompson, and Neary (2004) also found evidence for a double dissociation of 
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deficits associated with left and right temporal lobe damage; patients with predominant 

left-sided atrophy were better at recognizing famous faces than recognizing famous 

names, while patients with predominant right-sided atrophy demonstrated the opposite 

pattern. 

A recent study by Josephs et al. (2008) examined the anatomical correlates of 

prosopagnosia in semantic dementia using magnetic resonance imaging and voxel-based 

morphometry. It was found that patients with prosopagnosia had bilateral volume loss in 

the temporal lobes, with greater damage on the right, while patients without 

prosopagnosia had damage primarily in the left temporal lobe. More specifically, 

prosopagnosia in semantic dementia was associated with reduced gray matter in the right 

amygdala, hippocampus, parahippocampal gyrus, fusiform gyrus, and anterior temporal 

pole in comparison to semantic dementia patients without deficits in face recognition 

(Josephs et al., 2008). 

In contrast to the recognition deficits seen in the temporal variant of FTD, the 

frontal variant of FTD has been associated with intact recognition of familiar items, but 

impairments in recollection-based memory, including monitoring the source or context 

surrounding one’s memories (Simons, Verfaellie, Galton, Miller, Hodges, & Graham, 

2002). Patients with the frontal variant of FTD also show deficits predicting their own 

memory performance (Souchay, Isingrini, Pillon & Gil, 2003), impairments in online 

monitoring and awareness of errors (O’Keeffee et al., 2007), and poor inhibition and 

cognitive control (Krueger, Bird, Growdon, Jang, Miller, & Kramer, 2009). These 

deficits are consistent with the notion that the frontal lobes play a critical role in memory 
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monitoring processes, which may play an instrumental role in the suppression of false 

recognition (Melo et al., 1999; Rapcsak et al., 1999; Verfaellie, Rapcsak, Keane, & 

Alexander, 2004). 

The recognition memory abilities of patients with the temporal variant and the 

frontal variant of FTD were examined concurrently in a study by Perry and Hodges 

(2000). It was found that both groups of patients were impaired relative to healthy 

controls on tests of visual and verbal episodic memory. This study included the 

Warrington Recognition Memory Test (Warrington, 1984), a two-alternative forced-

choice recognition memory test for faces and words, and it was revealed that FTD 

patients were impaired on both face recognition and word recognition in comparison to 

control participants, with no difference in performance between the two patient types 

(Perry & Hodges, 2000). Therefore, while the temporal and frontal variants of FTD have 

unique patterns of cognitive impairment, face recognition deficits have been 

demonstrated in both subtypes. 

 

The Current Study 

The aim of the current study was to examine the behavioral and neural correlates 

of face recognition impairment in three FTD patients with varying degrees of temporal 

lobe and frontal lobe atrophy. Given the face recognition deficit documented in FTD 

(Perry & Hodges, 2000), it was hypothesized that all three patients would show 

impairments relative to healthy controls. The nature of this deficit, however, was 

predicted to vary depending on the pattern of atrophy in the frontal and temporal lobes. 
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Based on previous findings in focal lesion patients (Rapcsak et al., 1999, 2002), it was 

hypothesized that executive dysfunction attributable to frontal lobe atrophy would result 

in memory distortions, characterized by high rates of false recognition, beyond what 

could be explained by face memory loss reflecting temporal lobe involvement. 

For this study, participants completed several tests including 1) three anterograde 

face memory tests, 2) two retrograde face memory tests, and 3) two tests of face 

perception. The anterograde memory tests involved learning a set of novel faces during a 

study phase and recognizing the faces during a test phase. On a traditional yes/no 

recognition memory test involving old (studied) and new (unstudied) faces, it was 

predicted that temporal lobe damage would be associated with reduced hit rates and 

increased false alarm rates in comparison to healthy controls, reflecting poor memory for 

the study items. Patients with coexisting frontal lobe damage, on the other hand, were 

predicted to show normal hit rates in comparison to controls, but elevated false alarm 

rates, reflecting impaired memory monitoring abilities in addition to poor memory. 

In order to more fully explore the cognitive mechanisms underlying false facial 

recognition, participants completed two additional anterograde memory tests. The first 

was a face recognition memory test that included several different types of lures with 

varying levels of familiarity. This paradigm, developed by Bartlett, Shastri, Abdi, and 

Neville-Smith (2009) involves a recognition memory test that includes: 1) “familiarized 

lures,” which are faces that participants had been exposed to outside of the study list 

context, 2) conjunction faces, which are synthetic faces composed of a combination of 

features from two different studied faces, and 3) entirely new faces. It was predicted that 
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if patients base their recognition decisions on the relative familiarity of each item, they 

would show a pattern of responses similar to the older adults in Study 1, with a high false 

alarm rate to familiarized lures, followed by conjunctions and new faces. On the other 

hand, if patients are not sensitive to these somewhat subtle manipulations in item 

familiarity, then false alarms on this task were hypothesized to be equivalent for the three 

types of lures. 

In order to determine whether patients use categorical or “gist” memory when 

making recognition decisions, all participants completed a task in which items on the 

recognition test included lures that were consistent with the category of studied faces 

(same age, gender, and race) and lures that were inconsistent with the studied category 

(either age, gender, or race was varied). It was hypothesized that patients’ false alarm 

rates to category-inconsistent lures would be equivalent to that of healthy controls and 

much lower than their false alarm rates to category-consistent lures. Further, if gist 

memory is the primary mechanism that patients use to complete this task, their false 

alarm rate for category-consistent lures should be nearly as high as their hit rate for target 

faces, while false alarms for category-inconsistent items would be expected to be much 

lower. 

Retrograde memory tests, which involve recognizing famous faces, provide the 

advantage of having fewer encoding demands than anterograde memory tests since 

participants have likely had multiple exposures to the famous faces and presumably 

encoded many of the faces prior to the onset of their FTD. Participants completed a 

“fame judgment” test, which involved distinguishing famous faces from non-famous (but 



 

 

65 

“famous-looking”) faces, as well as a task in which they were required to name or 

provide biographical information about a set of famous faces. Given the deficit in 

recognition of famous faces that has been documented in semantic dementia (Simons et 

al., 2001; Snowden et al., 2004; Thompson et al., 2003), it was predicted that patients 

with this condition would have reduced hit rates on the fame judgment test in comparison 

to controls and would be able to describe fewer famous faces. It was also predicted that 

semantic dementia patients’ impairment in identifying famous faces would be multi-

modal, such that providing the names of the celebrities would not improve their ability to 

describe the individuals. Frontal lobe damage, on the other hand, was hypothesized to 

result in elevations in both hit and false alarm rates on the fame judgment test. If patients 

demonstrated an over-reliance on gist knowledge in the anterograde domain, it was 

predicted that this tendency would to extend to the retrograde domain as well, with 

judgments about fame being based on whether or not a face has a “celebrity-type” 

appearance. 

The current study also included two tests of face perception in order to ensure that 

any differences found in face recognition performance between the three patients could 

not be attributed to differences in perceptual abilities. The first was a gross measure of 

face perception, while the second test examined participants’ ability to process configural 

and featural information from faces (Mondloch et al., 2002). 
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Methods 

Participants 

 Participants for this study included three patients with FTD, two with the 

temporal variant and one with the behavioral variant. Patient 1 was a 71-year-old woman 

with 14 years of education who was diagnosed with semantic dementia 6 years prior to 

testing. Voxel-based morphometry (VBM) revealed bilateral anterior temporal lobe 

atrophy; however, she had no damage to the frontal lobes. Patient 2 was a 79-year-old 

woman with 13 years of education who was diagnosed with semantic dementia 10 years 

prior to testing. In addition to bilateral anterior temporal lobe atrophy, VBM also showed 

atrophy in the frontal lobes. Patient 3 was a 46-year-old man with 14 years of education 

who was diagnosed with the behavioral variant of FTD and amyotrophic lateral sclerosis 

2 years prior to testing. VBM for Patient 3 revealed extensive frontal lobe as well as 

temporal lobe atrophy. Patients were recruited through the Southern Arizona VA 

Healthcare System.  

Demographic information and neuropsychological test scores for the three 

patients are presented in Table 3. On the Benton Facial Recognition Test (Benton et al., 

1983), Patient 1 performed in the borderline range, Patient 2 was in the normal range, and 

Patient 3 was moderately impaired. On standard neuropsychological tests of memory, 

Patient 1 performed in the impaired range to average range on face memory tests and the 

low average to average range for tests involving words. Patient 2 was impaired on all 

memory tests for verbal materials, but performed in the low average to average range for 

faces. Patient 3 performed in the borderline to impaired range for faces and the borderline 
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to average range for words. On tests of executive functioning, Patient 1 performed in the 

average to superior range, Patient 2 was in the borderline to average range, and Patient 3 

was severely impaired on all measures. Therefore, while all three patients showed some 

degree of memory impairment, the level of executive dysfunction differed greatly 

between the three patients (no impairment in Patient 1, severe impairment in Patient 3, 

and Patient 2 falling in the middle) and was consistent with the extent of their frontal lobe 

damage. 

Twelve healthy controls also participated in the study, including 7 older adults 

(age: mean = 73.1, SD = 5.7 years; education: mean = 15.9, SD = 3.3 years) and 5 

middle-aged adults (age: mean = 48.8, SD = 7.0 years; education: mean = 16.2, SD = 1.5 

years). An attempt was made to match control participants and patients on demographic 

variables. Control participants were recruited from the community through an 

advertisement. Inclusion criteria required that participants had no neurological or 

psychiatric conditions, no history of head injury, and no substance abuse problems. 
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Table 3: Demographics and Neuropsychological Test Scores for FTD Patients 
 

                Patient 1              Patient 2              Patient 3  
Age (yrs)    71   79   46 
Gender     Female   Female   Male 
Education (yrs)    14   13   14 
 
Perception: 
 
Benton Facial Recognition Test  40/54   45/54   38/54 
 
Memory: 
 
Warrington Recognition Memory Test 
 Words    42/50   32/50   46/50 
 Faces    32/50   39/50   36/50 
 
Wechsler Memory Scale-III Faces 
 Immediate recognition  32/48   32/48   25/48 
  Hits   15   19   23 
  False positives  7   11   22 
 Delayed recognition  27/48   28/48   26/48 
  Hits   11   16   22 
  False positives  8   12   20 
 
California Verbal Learning Test 
 Trial 1    5/16   1/16   5/16 
 Trial 5    11/16   4/16   8/16 
 Long delay free recall  8/16   1/16   7/16 
 Long delay cued recall  9/16   1/16   8/16 
 Recognition measures 

Hits   14   11   14 
  False positives  1   8   1 
 
Executive Functioning: 
 
Wisconsin Card Sorting Task 
 Categories   6/6   5/6   0/6 
 Perseverative Errors  0   13   58 
 
FAS Verbal Fluency Task  34   21   5 
 
Trails B     56”   141”   370” 
     0 errors   4 errors   4 errors 
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Materials 

Yearbook Memory Test – This test involved learning a set of novel faces taken 

from a high school yearbook. A study list of 24 faces was presented to participants at the 

rate of 5 seconds per face. The stimuli were black-and-white images of young female 

faces. Participants were instructed to remember the faces for a later memory test. The 

study phase was followed by an immediate yes/no recognition test which included the 24 

target faces and 24 novel lures. The lures were faces of young females taken from the 

same yearbook as the study faces. 

Bartlett Test – Participants completed a shortened version of the Bartlett Test 

described in Study 1. The stimuli for the test were black-and-white images of Caucasian 

faces, including male/female and young/old faces. In the first phase of the study, 

participants were shown the “familiarization list,” which included 24 images. These 

images included 6 faces that were shown three times, and 6 faces that were shown only 

once. These faces were shown in a quasi-randomized order; the faces that were shown 

multiple times were always separated by at least three other faces. Participants rated the 

faces in the familiarization list for trustworthiness. Faces were exposed for 2 seconds 

each, with an inter-stimulus delay of 3 seconds during which participants indicated their 

rating in writing. 

Following the familiarization phase, participants were shown the “study list,” 

which was composed of 24 faces that had not been included in the familiarization list, 

each displayed for 2 seconds. The study list was presented three times, in a different 

sequential order each time. Participants passively viewed the faces during each of the 
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three presentations, and they were instructed to remember the faces for a later memory 

test. 

During the test phase, participants were presented with 48 faces and their task was 

to indicate whether each face was “old” (on the study list) or “new” (not on the study list) 

with a written response. The test list included 12 targets (study faces) and three different 

types of lures: 12 familiarized lures (6 faces that were presented three times and 6 faces 

that were presented once on the familiarization list), 12 conjunction faces, and 12 entirely 

new faces. Participants were explicitly told that the test list would include faces from the 

study list, faces that were combinations of two study list items (participants were shown 

an example of a conjunction face), faces that they had rated for trustworthiness, and new 

faces. They were instructed to respond with “old” only when they thought they had seen 

the exact same face before in the study list, and to respond with “new” to all other faces. 

Category Memory Test – A study list of 24 faces was presented to participants at 

the rate of 5 seconds per face. The stimuli were black-and-white images of young, white, 

male faces. Participants were instructed to remember the faces for a later memory test. 

The study phase was followed by an immediate yes/no recognition test which included 

the 24 target faces and 48 lures. The lures included 24 faces that were from the same 

category as the study faces (young, white males) and 24 faces in which either the gender, 

age, or race of the face was varied (8 young, white females; 8 old, white males; and 8 

young, African-American males). 

Fame Judgment Test – Participants were shown photos of 32 famous faces, 

including actors/actresses, entertainers, politicians, musicians, and sports stars from the 
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last two decades (1990s to present), as well as past presidents (1950s to present). 

Randomly interspersed with the famous faces were 32 non-famous, “celebrity-type” (i.e., 

glamorous) faces, which were primarily headshots taken from modeling websites. The 

participants’ task was to indicate “yes” or “no” regarding whether each face was familiar. 

They were instructed to call a face familiar if they had seen the individual before, either 

in person or through the media. They were told that they did not need to know the name 

of the individual in order to say that they were familiar. 

Famous Faces Test – Participants were shown photos of 40 well-known famous 

faces, including actors/actresses, entertainers, politicians, musicians, and sports stars from 

the last two decades (1990s to present), as well as past presidents (1980s to present). For 

each face, they were asked to identify the individual, either by name or by giving as much 

biographical information as possible. After they had attempted to identify all 40 images, 

patients were then provided with the names of the famous faces that they had failed to 

correctly identify and they were asked to describe each individual in as much detail as 

possible. 

Perception Test – Stimuli for this task included the same 48 black-and-white 

items that were used in the Yearbook Memory Test. Twenty-four pairs of faces were 

created by matching each face from the study list with a face from the test list. An 

attempt was made to match faces that looked similar to one another in terms of facial 

features and hair color. For each trial of this test, a target face was presented for 1 second. 

Participants were instructed to remember the face. Following a 1 second delay (during 

which the screen was blank), two faces were presented side-by-side, the target face and 
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the other face in the pair. Participants were asked to indicate which face they had seen 

previously. The task consisted of 24 trials. The target faces for this test included 12 items 

from the study list and 12 items from the test list of the Yearbook Memory Test, which 

all participants had completed prior to the Perception Test. 

Jane Faces Test – Participants completed the Jane Faces Test (Mondloch et al., 

2002) described in Study 1. 

 

Procedure 

Healthy control participants and Patients 1 and 3 were tested individually in a 

small, quiet testing room in the Department of Psychology at the University of Arizona. 

Patient 2 was tested in a quiet room in her home, as she did not have transportation 

available to come to the Department of Psychology. The three patients completed the 

neuropsychological testing and the experimental tasks over several separate testing 

sessions. The study was approved by the Human Subjects Committee at the University of 

Arizona and informed consent was obtained from all participants prior to testing. 

Participants received financial compensation for their participation at an hourly rate. 

 

Results 

Data from the older adult and the middle-aged control participants were collapsed 

into one group for analysis, as there were no significant differences in performance 

between age groups. The performance of the three FTD patients in comparison to 

controls will be described using the following phrases, with the corresponding percentiles 
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indicated in parentheses: severely impaired (0.6 or lower), moderately impaired (0.7-1.9), 

borderline (2-8), low average (9-24), average (25-74), high average (75-90), superior (91-

97), and very superior (98 or higher). 

Memory discrimination and bias indexes, derived from the two-high-threshold 

model of recognition memory (Snodgrass & Corwin, 1988), were calculated for the three 

anterograde memory tests and the fame judgment retrograde memory test. The 

discrimination index (Pr) is a measure of recognition accuracy and is computed using the 

formula H-FA (H=hit rate; FA=false alarm rate). The bias index (Br) is computed using 

the formula FA/1-Pr and indicates the probability of the participant calling an item “old” 

when in a state of uncertainty. Bias scores range from 0 to 1; a value of .5 indicates a 

neutral response bias, values less than .5 indicate a conservative response bias, and values 

greater than .5 indicate a liberal response bias (Snodgrass & Corwin, 1988). 

Yearbook Memory Test – Results from the Yearbook Memory Test are presented 

in Figure 7. In comparison to controls, Patient 1 performed in the borderline range for 

both hits and false alarms, while Patients 2 and 3 performed in the superior range for hits 

and the severely impaired range for false alarms. Memory discrimination scores were 

nearly identical for the three patients (Patient 1: Pr = .05, Patients 2 and 3: Pr = .04), and 

indicated much poorer memory discrimination for patients in comparison to controls (Pr 

= .53), t(11.09) = -9.03, p < .001. Patient 1 demonstrated a slightly liberal response bias 

that was similar to that of controls (Patient 1: Br = .61, controls: Br = .55), while Patients 

2 and 3 both showed an extremely liberal response bias (Br = 1.00). 
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 Bartlett Test – Results from the Bartlett Test are presented in Figure 8. False 

alarms for the familiarized lures were analyzed by combining false alarms to the faces 

shown three times and those shown only once; this familiarity manipulation did not 

produce reliable differences, likely due to only having 6 faces in each condition. In 

comparison to healthy control participants, Patient 1 performed in the low average range 

for hits, while Patients 2 and 3 were in the high average range for hits. False alarm rates 

ranged from severely impaired to average for Patient 1, and severely impaired to 

borderline for Patients 2 and 3. 

Patients were not sensitive to the different types of lures used in this task, as false 

alarms on the familiarized lures, conjunctions, and new faces differed by a maximum of 

only two items. Therefore, memory discrimination and bias indexes were calculated by 

averaging across the three types of lures. All patients showed poor memory 

discrimination between study faces and lures (Pr = .17, .20, and .08 for Patients 1, 2, and 

3, respectively) in comparison to controls (Pr = .52), t(13) = -4.48, p = .001. Patient 1 

demonstrated a slightly liberal response bias (Br = .60) that was nearly equivalent to 

controls (Br = .59), while Patients 2 and 3 showed an extremely liberal response bias (Br 

= .90 and 1.00). 

Category Memory Test – Results from the Category Memory Test are presented in 

Figure 9. In comparison to controls, Patients 1 and 2 were severely impaired in their hit 

rates, while Patient 3’s performance was average. For lures that were consistent with the 

studied category (young, white males), performance was borderline for Patient 1, low 

average for Patient 2, and severely impaired for Patient 3. All three patients demonstrated 
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performance in the average range for lures that were inconsistent with the studied 

category. 

The patients showed poor memory discrimination for category-consistent lures 

(Pr = .05, .25, and .08) in comparison to the controls (Pr = .66), t(13) = -5.21, p < .001. 

Patients 1 and 2 demonstrated a somewhat liberal response bias (Br = .61) that was 

similar to controls’ bias for these lures (Br = .69), while Patient 3 had a very liberal 

response bias (Br = .95). Lures that were inconsistent with the studied category, however, 

produced very different results. All patients and controls demonstrated an improvement 

in their ability to discriminate between targets and category-inconsistent lures (Patients: 

Pr = .63, .63, .96, controls: Pr = .92). Patients 1 and 3 showed zero false recognition 

errors (Br = 0), which was equal to controls, and Patient 2 falsely endorsed only one item 

(Br = .22). 

Fame Judgment Test – Results from the Fame Judgment Test are presented in 

Figure 10. In comparison to controls, Patient 1 performed in the borderline range for hits 

and the average range for false alarms, Patients 2 was high average for hits and severely 

impaired for false alarms, and Patient 3 was average for hits and severely impaired range 

for false alarms. Patient 1 demonstrated better memory discrimination (Pr = .41) than 

Patients 2 and 3 (Pr = .06 and -.10), but her performance was still below that of the 

healthy controls (Pr = .68). Controls had a fairly neutral response bias (Br = .47), Patient 

1’s bias was more conservative (Br = .37), and Patients 2 and 3 showed a liberal response 

bias (Br = .94 and .83). 
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Famous Faces Test – Results from the Famous Faces Test are presented in Figure 

11. In comparison to controls, Patients 1 and 2 were severely impaired at identification of 

famous faces, while Patient 3 performed in the low average range. Providing the names to 

patients improved their total scores, but Patients 1 and 2 remained severely impaired and 

Patient 3 remained low average in comparison to control participants. 

Perception Test – Results from the Perception/Working Memory Test are 

presented in Figure 12. On this two-alternative forced-choice task, Patients 1 and 2 

demonstrated perfect performances (equal to controls) and Patient 3 was correct on 83% 

of the trials. 

 Jane Faces Test – Results from the Jane Faces Test are presented in Figure 13. 

These values represent the proportion of trials to which participants made accurate 

same/different judgments. In comparison to controls, Patient 1 performed in the 

moderately impaired range for the spacing condition and low average range for the 

featural condition; Patients 2 and 3 performed in the borderline range for the spacing 

condition and were severely impaired on the featural condition. To measure the effect of 

inversion, accuracy scores on the inverted trials were subtracted from accuracy scores on 

the upright trials for each condition. The detrimental effect of facial inversion on 

performance that was seen in control participants for the spacing condition (a reduction in 

performance by 13%) was not found in Patients 1 and 2, as their performance was 

equivalent for the upright and the inverted conditions, while Patient 3 showed a reduced 

inversion effect (a reduction in performance by 7%). For the featural condition, Patients 1 

and 3 showed an inversion effect (reduction in performance by 17% and 13%) that was 
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similar to control participants (reduction in performance by 15%); Patient 2 did not show 

an inversion effect (performance actually improved by 7% in the inverted condition). 

For the contour condition, Patient 1 performed in the high average range for 

upright faces and the low average range for inverted faces; Patient 2 was in the borderline 

range for upright faces and the average range for inverted faces; Patient 3 was in the 

moderately impaired range for upright faces and the borderline range for inverted faces. 

For the cousins condition, Patient 1 performed in the average range for upright faces and 

the severely impaired range for inverted faces; Patient 2 was in the borderline range for 

upright faces and the low average range for inverted faces; Patient 3 was in the high 

average range for upright faces and the low average range for inverted faces. 

 

Figure 7: Performance of FTD Patients on the Yearbook Memory Test 
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Figure 8: Performance of FTD Patients on the Short Version of the Bartlett Test 
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Figure 9: Performance of FTD Patients on the Category Memory Test 
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Figure 10: Performance of FTD patients on the Fame Judgment Test 
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Figure 11: Performance of FTD Patients on the Famous Faces Test 
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Figure 12: Performance of FTD Patients on the Perception Test 
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Figure 13: Performance of FTD Patients on the Jane Faces Test 
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Discussion 

Recognition Memory Performance: Anterograde and Retrograde Memory 

All three FTD patients in this study demonstrated impairments in recognition 

memory performance in comparison to healthy controls on anterograde memory tests that 

required learning a set of novel faces. The overall pattern of performance seen in Patient 

1, who has the temporal variant of FTD and damage restricted to temporal lobe regions, 

was reduced hit rates and increased false alarm rates in comparison to healthy controls, 

consistent with predictions. Patient 3, who has the behavioral variant of FTD and damage 

to both temporal lobe and frontal lobe regions, demonstrated hit rates that were normal 

(or superior) in comparison to controls, but had severe impairments in his ability to reject 

lures, indicated by pathologically elevated false alarm rates. Patient 2, on the other hand, 

demonstrated a more variable pattern of performance. Although this patient carries a 

diagnosis of semantic dementia, the temporal variant of FTD, she also has frontal lobe 

involvement. Her performance, therefore, resembles that of Patient 1 on some tests (i.e., 

Category Memory Test) and Patient 3 on other tests (i.e., Yearbook Memory Test and 

Bartlett Test). 

Memory discrimination indexes revealed poor memory discrimination for all 

three FTD patients in comparison to healthy controls on the anterograde memory tests. 

Bias indexes, however, revealed that patients adopted strikingly different response biases 

under conditions of poor memory discrimination. While Patient 1’s response bias was not 

significantly different from that of control participants, Patients 2 and 3 demonstrated an 

extremely liberal response bias on all three tasks. This liberal response bias, which 
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indicates a tendency to call a face “old” when in a state of uncertainty, accounts for 

elevations in both hit rates (as the “normal” hit rates seen on recognition memory tests 

may be an artifact of a liberal response bias rather than a reflection of true recognition) as 

well as false alarm rates. 

 On the retrograde memory test in which participants had to distinguish famous 

from non-famous faces (Fame Judgment Test), the pattern of performance for Patient 1 

was a reduced hit rate, but a false alarm rate that was normal compared to healthy 

controls. Patients 2 and 3 showed the opposite pattern, with hit rates that were in the 

normal range relative to healthy controls and elevated false alarm rates that represented 

severely impaired performance. Memory discrimination and biases indexes for the Fame 

Judgment Test revealed results that were consistent with findings from the anterograde 

memory tests: all three patients showed poor memory discrimination in comparison to 

controls (although Patients 2 and 3 were significantly more impaired than Patient 1), 

Patient 1’s had a response bias that was within the normal range compared to controls, 

and Patients 2 and 3 had very liberal response biases. 

On the Famous Faces Test, the two patients with semantic dementia (Patients 1 

and 2) demonstrated severe impairments in their ability to recognize famous faces, 

consistent with the prosopagnosia that has been documented in this variant of FTD 

(Simons et al., 2001; Snowden et al., 2004; Thompson et al., 2003). Patients 1 and 2 were 

unable to name or provide biographical information for more than half of the famous 

faces, although both patients indicated that most of the faces looked familiar. Evidence of 

a multi-modal impairment was also found, as patients’ performance remained severely 
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impaired when they were given the celebrities’ name and asked to describe the 

individuals. Patient 3, on the other hand, demonstrated intact performance on this task, 

offering support for the dissociation between impaired semantic memory in the temporal 

lobe variant and intact semantic memory in the frontal lobe variant of FTD (Mendez, 

2003; Perry & Hodges, 2000). 

 

Role of Facial Familiarity and Gist Memory in False Facial Recognition 

In order to more fully explore the cognitive mechanisms underlying false facial 

recognition, the recognition tests used in this study included several specialized types of 

lures. On the Bartlett Test, lures were created by manipulating the familiarity level of 

items in on the recognition test in order to create a gradient of familiarity from highly 

familiar (familiarized lures) to less familiar (conjunctions) to unfamiliar (new faces). In 

Study 1, it was found that older adults relied on familiarity alone when making 

recognition decisions, as evidenced by a response pattern that corresponded directly to 

the gradient of familiarity of the items on the test. This explanation, however, does not 

appear to fit the data for the FTD patients as well, since none of the patients were 

sensitive to the familiarity manipulations on the Bartlett Test (raw numbers of false 

alarms for the various types of lures differed by a maximum of only two items). 

Therefore, rather than relying on the level of familiarity of each particular item to guide 

responses on the recognition test, it appears that patients’ responses were driven primarily 

by their response bias. For Patients 2 and 3, this meant calling the majority of the faces 
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“old” when in a state of uncertainty; for Patient 1, this meant calling slightly over half of 

the faces “old” when uncertain. 

 Although the patients were not sensitive to the familiarity manipulations in the 

Bartlett Test, they did show different patterns of performance for the specialized lures 

used on the Category Memory Test. Specifically, patients made few to no false 

recognition errors (only one false positive error in Patient 2) for lures that were 

inconsistent with the “gist” of the faces that they had studied. This finding indicates that 

individuals with both temporal lobe and frontal lobe damage were able to successfully 

extract category information from the study list, and to use this memory of the category 

or the gist in order to accurately reject category-inconsistent lures. 

The profound level of false recognition shown by Patient 3 for category-

consistent lures suggests that he was using gist information as the basis not only to reject 

category-inconsistent lures, but also to accept the majority (88%) of the lures that 

matched the studied category. Reliance on categorical knowledge may have also driven 

the performance of Patients 2 and 3 on the Fame Judgment Test, as these patients 

identified the majority (88% and 91%) of the non-famous faces as being familiar. The 

“celebrity-type” lures used in this task resembled the general appearance of celebrities 

from several different categories (“actor-type” faces, “politician-type” faces, “model-

type” faces, etc.). Therefore, in order to accurately suppress false alarms, it was critical 

that participants initiate a search of their memory for biographical information about the 

specific face in order to confirm that the individual was truly a famous person. Rather 

than using such biographical information to appropriately reject the non-famous lures, it 
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appears that Patients 2 and 3 made their fame judgments on the basis of general 

categorical knowledge of what a famous person looks like. Indeed, when these patients 

were asked to justify their judgment of the non-famous faces as “famous,” they gave 

primarily generic responses, such as “I’ve seen her on television” or “He is a politician.” 

Patient 1, on the other hand, was able to correctly identify many of the non-famous faces 

as unfamiliar. Since this patient does not have atrophy in frontal lobe regions, the neural 

substrate thought to underlie strategic memory retrieval and memory monitoring (Melo et 

al., 1999; Rapcsak et al., 1999; Verfaellie et al., 2004), she was likely able to engage in a 

search of her memory for the appropriate biographical or contextual information related 

to each face, and she was able to recognize that a failure to generate specific information 

(i.e., more than general categorical knowledge) for a particular face was inconsistent with 

the face being truly famous. 

 

Role of Perceptual Processing in False Facial Recognition 

 The FTD patients in this study demonstrated abnormalities in perceptual 

processing in comparison to control participants. On the Benton Facial Recognition Test 

(Benton et al., 1983), Patients 1 and 3 performed below the normal range. On the 

Perception Test, which measured gross perceptual ability as well as the ability to hold a 

face in working memory over a brief delay, Patient 3 made several errors. All the patients 

showed impairments in their ability to process spatial information on the Jane Faces Test, 

indicating a failure to process faces holistically (Mondloch et al., 2002.) There were 

several other deficits revealed by this task, including impairments in featural processing 
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in Patients 2 and 3, and impairment in the control/cousins condition for inverted faces in 

Patient 1. In addition, several of the scores on this task were at or near chance 

performance (50% correct). The Jane Faces Test involves displaying facial stimuli for 

very brief exposures (200 ms), raising the possibility that patients’ difficulty on this test 

was partially related to deficits in their ability to process faces quickly. In order to test 

this possibility, patients completed a modified version of the Jane Faces Test with longer 

exposure times (2 seconds). It was found that performance improved for all patients on 

the modified test in comparison to the original test. The results of the modified version of 

the Jane Faces Test are presented in the Appendix B. The original version and the 

modified version of this test were given to patients during separate testing sessions. 

 

Conclusions, Caveats, and Future Directions 

 This study examined the face recognition abilities of three patients with FTD who 

had varying levels of frontal lobe and temporal lobe damage. Results revealed different 

patterns of true and false facial recognition dependent on the presence or absence of 

frontal lobe damage. While temporal lobe atrophy alone was associated with a reduction 

in true recognition of faces, frontal lobe involvement was associated with increased false 

recognition, a liberal response bias, and an overreliance on categorical or “gist” 

information when making recognition decisions in both the anterograde and retrograde 

domains. 

False facial recognition is a type of memory distortion that cannot be adequately 

explained by face memory impairment alone, as Patient 1 demonstrated poor memory 
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discrimination (which was equal to Patients 2 and 3 on the Yearbook Memory Test, and 

nearly equal to Patient 3 on the Category Memory Test) without the pathologically high 

rate of false alarms seen in patients with both memory impairment and executive 

dysfunction. Deficits in perceptual processing also do not appear to fully explain the 

differences in false alarm rates and responses biases found in this study, since all three 

FTD patients showed some degree of perceptual impairment, including an inability to 

process configural information from faces shown at fast exposures. False facial 

recognition appears to reflect deficits in frontally-based processes such as strategic 

memory retrieval and memory monitoring, functions that may be critical in evaluating 

memories in order to determine if the amount and quality of the information retrieved is 

sufficient to call a face familiar. The findings from this study are consistent with the 

differential impact of frontal lobe versus temporal lobe damage on face recognition that 

has been documented in patients with focal brain lesions (Rapcsak et al., 1999, 2002). 

One limitation of the current study was that patients had fairly extensive, bilateral 

damage to the temporal lobes and/or frontal lobes. Therefore, it was not possible to test 

hypotheses related to laterality effects or specific regions of interest within the temporal 

and frontal lobes. Future studies of face recognition in FTD should examine patients who 

are earlier in the course of the disease in order to determine more specific neural 

underpinnings of face recognition abilities. The small group of patients was another 

drawback to the current study, particularly only having one patient with damage 

restricted to temporal lobe areas. Studies with larger groups of temporal variant and 

frontal variant FTD patients are warranted in order to confirm the findings found with the 
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three patients in the current study. Finally, a fruitful area of future research in this 

population may be to explore ways in which false facial recognition could be reduced in 

patients who demonstrate elevations in false alarms. Successful methods for reducing 

false recognition may take the form of manipulating task instructions during retrieval in 

order to encourage memory monitoring or the use of item-specific contextual information 

rather than gist information to recognize faces. 
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STUDY 3: False Facial Recognition in Individuals with Congenital Prosopagnosia 

Background 

Intact perception is a critical component in the accurate recognition of faces. 

Prosopagnosia or “face blindness” is a perceptual disorder in which individuals are 

unable to recognize the faces of familiar individuals. This condition can be acquired after 

damage to the fusiform face area, a region in the right fusiform gyrus that appears to be 

specialized for processing faces (Kanwisher, McDermott, & Chun, 1997). There is also a 

congenital form of prosopagnosia (CP), a lifelong inability to learn and recognize 

familiar faces in the absence of any known neurological disorder (Jones & Tranel, 2001). 

Despite their profound impairment on behavioral tests of face recognition, 

individuals with CP show normal activation in the fusiform face area, as well as other 

ventral occipito-temporal regions, in response to viewing faces (Avidan, Hasson, Malach, 

& Behrmann, 2005). This finding suggests that activity in the fusiform face area is not 

sufficient for intact face recognition. A more recent study using diffusion tensor imaging 

and tractography techniques examined the structural integrity of white-matter tracts in the 

occipito-temporal cortex (as well as anterior temporal and frontal cortices) of several 

congenital prosopagnosic individuals who demonstrated normal activation patterns in 

core face areas, including the fusiform face area. Results revealed a marked reduction in 

the structural integrity of the inferior longitudinal fasciculus and inferior fronto-occipito 

fasciculus tracts (Thomas, Avidan, Humphreys, Jung, Gao, & Behrmann, 2009). While 

disruption of structural connectivity was seen bilaterally, only connectivity differences in 

the right hemisphere were found to be correlated with behavioral performance on a face 



 

 

90 

recognition test. The neurobiological basis of CP, therefore, appears to be a disconnection 

in the right hemisphere between regions critical for accurate face recognition (Thomas et 

al., 2009). 

The etiology of CP is currently unknown. However, there is growing evidence of 

a genetic component, as face recognition impairments often affect more than one member 

of a family (Behrmann, Avidan, Marotta, & Kimchi, 2005; Gruter, Gruter, & Cardon, 

2008; Schmalzl, Palermo, & Coltheart, 2008). The specific genes responsible for CP have 

yet to be identified (Gruter et al., 2008). 

 

Nature of the Perceptual Disorder 

CP is a circumscribed perceptual deficit, as individuals with this disorder have 

intact sensory functions and intellectual abilities (Behrmann & Avidan, 2005). Disorders 

of perception can take two forms, apperceptive agnosia and associative agnosia (De 

Renzi, Faglioni, Grossi, & Nichelli, 1991). Apperceptive agnosia is a disorder in which 

individuals are unable to identify visual objects and may have difficulty distinguishing 

between two visually similar items, despite intact sensory functioning. Associative 

agnosia, on the other hand, is a deficit in processing the meaning of a perceived object. In 

other words, individuals are able to perceive and describe the physical form of the object, 

but the object has no particular significance to them. 

Reports in the literature have demonstrated a large amount of variability in the 

clinical presentation of CP, with some individuals showing apperceptive agnosia and 

others showing associative agnosia (Behrmann & Avidan, 2005; Kress & Daum, 2003). 
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A review of several case studies of CP found that some of the individuals had deficits in 

basic visual processing of faces, consistent with the apperceptive form, as they were 

impaired at face-matching tasks and could not accurately estimate the age or gender of 

faces. Other individuals had normal performance on tests of basic visual processing of 

faces, but were impaired on a face recognition memory test, consistent with the 

associative form of prosopagnosia (Kress & Daum, 2003). 

Facial recognition deficits in CP have been found not only for newly learned 

faces, but may also extend to highly familiar faces, such as famous faces (Behrmann et 

al., 2005; Dobel, Bolte, Aicher, Schweinberger, 2007; Kress & Daum, 2003)  or even 

faces of family members (Kress & Daum, 2003). A study of six individuals with CP 

revealed that all six individuals were impaired at recognizing celebrities from facial cues 

in comparison to control participants. However, their performance was no different from 

controls at identifying celebrities when they were cued with the celebrities’ name (Dobel 

et al., 2007). This finding emphasizes the modality-specific nature of the perceptual 

disorder, as individuals with CP do not show deficits in recognition based on verbal 

information, and they have no impairments in semantic knowledge about familiar people 

(Dobel et al., 2007). 

 

Configural and Featural Processing 

Individuals with CP are often able to compensate for their deficits in face 

recognition by using alternative strategies to identify individuals, such as focusing on 

their hair, voice, gait, or clothing (Behrmann & Avidan, 2005). They may also be able to 
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successfully identify faces by consciously remembering salient facial features. Although 

focusing on facial features may be an effective strategy for recognizing some individuals, 

this approach to facial identification does not always prove successful given that faces are 

a category of objects with a large number of highly similar exemplars. The tendency to 

focus on individual features of a face has been identified as a characteristic feature of CP 

(Behrmann & Avidan, 2005). Healthy adults, on the other hand, generally process faces 

in a more holistic or global manner, using the configural layout of facial features in 

addition to the features themselves to recognize faces (Mondloch et al., 2002). 

Individuals with CP have shown an impaired ability to derive the configuration of faces 

or process information about the spatial relationship between features, instead taking a 

more piecemeal or fragmented approach by focusing on the features themselves 

(Behrmann et al., 2005). Impaired configural processing has also been associated with the 

acquired form of prosopagnosia, as patients with lesions of the right fusiform face area 

demonstrate deficits in detecting changes in the spatial layout of facial features (Barton, 

Press, Keenan, & O’Connor, 2002). 

One way to assess whether an individual uses a feature-based or a configural-

based approach to process faces is by comparing their performance on tests in which the 

stimuli are presented in both an upright and an inverted orientation. The general finding 

in normal participants is an “inversion effect,” in which individuals perform more poorly 

on the inverted condition in comparison to the upright condition, particularly on tests 

requiring judgments about the spatial configuration of faces (Mondloch et al., 2002). 

Inversion has also been shown to have a detrimental effect in healthy adults on 
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recognition memory for facial stimuli (Duchaine & Nakayama, 2006). Viewing a face in 

the inverted orientation is thought to disrupt configural processing in healthy adults, 

forcing one to use a more effortful feature-based strategy (Mondloch et al., 2002). 

However, if individuals are dependent upon a feature-based approach to processing 

upright faces, inversion should not affect their performance. Indeed, this is the pattern 

that has been found in CP individuals; the inverted condition has little effect on 

performance, presumably because using features to identify faces is equally effective in 

both the upright and inverted orientation (Behrmann et al., 2005). In fact, the 

performance of CP individuals may actually improve for faces shown in the inverted 

condition compared to the upright condition, an effect referred to as the “inversion 

superiority effect” (Behrmann et al., 2005). The inversion superiority effect, which has 

also been shown in patients with acquired prosopagnosia (Marotta, McKeeff, & 

Behrmann, 2002), is thought to be the result of attempting to use a malfunctioning 

configural processing system when viewing upright faces. Engaging a system that is 

poorly developed (in the case of CP) or damaged (in acquired prosopagnosia) will lead to 

inefficient processing of faces. However, when faces are inverted, feature-based 

processing can proceed relatively unhindered by attempts at configural processing 

(Behrmann et al., 2005; Marotta et al., 2002). 

 

The Current Study 

 The aim of the current study was to examine the contribution of perceptual 

processing deficits to false facial recognition by exploring the performance of three 
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individuals with CP on several recognition memory tests. Participants completed two 

anterograde face memory tests and a retrograde face memory test, in addition to two tests 

of face perception. 

In order to characterize the nature of the perceptual impairment in the CP 

participants, they will complete tests requiring them to make judgments about faces, as 

well as a test examining configural processing and featural processing of faces. The 

Philadelphia Face Perception Battery (Thomas, Lawler, Olson, & Aguirre, 2008) will 

assess whether participants can accurately judge faces’ age, gender, beauty, and similarity 

to other faces. Poor performance on this battery of tests in comparison to healthy control 

participants would reflect an apperceptive type of agnosia. Participants will also complete 

the Jane Faces Test, which assesses configural processing and featural processing of both 

upright and inverted faces (Mondloch et al., 2002). Given that CP has been associated 

with impairments in configural or global processing and a reliance on a piecemeal 

feature-based strategy (Behrmann et al., 2005), it was predicted that CP participants 

would be impaired relative to controls on the “spacing” condition of the test, which 

involves detecting manipulations in the spatial arrangement of facial features, while they 

would perform similarly to controls on the “featural” condition, which involves detecting 

changes in the facial features themselves. It was hypothesized that facial inversion on this 

test would lead to poorer performance in control participants (“inversion effect”), but no 

change in performance in CP participants, or perhaps an improvement in performance for 

inverted faces (“inversion superiority effect”). 

The two anterograde memory tests involved learning a set of novel faces and 
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recognizing them on a subsequent memory test. Participants completed the Cambridge 

Face Memory Test (Duchaine & Nakayama, 2006), a test that involves remembering a set 

of faces and recognizing them in a forced choice paradigm. The test involves faces 

presented in both the upright and inverted orientations. Duchaine & Nakayama (2006) 

reported data from a group of eight individuals with prosopagnosia (six CP and two 

acquired prosopagnosia) showing impaired performance on the Cambridge Face Memory 

Test for upright faces in comparison to healthy controls. Therefore, it was hypothesized 

that participants with CP in the current study would be impaired relative to controls. 

Although participants with prosopagnosia were not tested on the inverted condition in the 

Duchaine & Nakayama, study (2006), it was predicted that CP participants would not 

show an inversion effect, but would perform similarly or perhaps better on the inverted 

condition in comparison to the upright condition. 

The second anterograde face recognition memory test was the Bartlett Test, a 

paradigm developed by Bartlett et al. (2009) which involves several different types of 

lures. The recognition memory test includes: 1) “familiarized lures,” which are faces that 

participants had been exposed to outside of the study list context, 2) conjunction faces, 

which are synthetic faces composed of a combination of features from two different 

studied faces, and 3) entirely new faces. It was hypothesized that participants with CP 

would show the highest rate of false alarms to the conjunction faces in comparison to the 

other types of lures, and that their rate of false alarms to conjunctions would be elevated 

in comparison to controls. If the CP participants in this study focused only on specific 

facial features (e.g., the nose) or if they attempt to use compensatory strategies to 
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recognize faces, such as focusing on external features (e.g., the hair), the predicted result 

was a high rate of false alarms to conjunction faces, since the features themselves did not 

change from study to test. 

On the retrograde memory test, which involved identifying well-known famous 

faces, the predicted pattern of performance for CP participants was an impaired ability to 

recognize famous individuals from their faces, but an intact ability to describe the 

celebrities when the names are provided to them, consistent with a modality-specific 

perceptual deficit. 

Participants with CP also completed the Benton Facial Recognition Test (Benton 

et al., 1983) and the Warrington Recognition Test (Warrington, 1984), which are two 

widely used neuropsychological tests of face recognition. These standardized 

instruments, however, may not be sensitive to the face perception impairments in CP, as a 

number of individuals with CP have been shown to score within the normal range 

(Duchaine & Nakayama, 2004; Duchaine & Weidenfeld, 2003). One shortcoming of the 

Benton Facial Recognition Test is that the target face is presented simultaneously with 

the test faces, allowing participants to use a feature-matching strategy to complete the 

task. Supporting evidence for this notion comes from a study reported by Duchaine & 

Weidenfeld (2003) in which healthy young adults were able to score in the normal range 

on this test even when the majority of the face was occluded (covered with grey paint), 

and only the eyebrows and hairline could be seen. One limitation of the Warrington 

Recognition Test is the fact that the images include substantial non-face information, 

including clothing, hair, posture, and image imperfections, which participants could use 
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to accurately remember the images (Duchaine & Nakayama, 2006). 

Several of the tests used in the current study are purported to have improved upon 

the traditional standardized measures of face recognition by addressing some of these 

limitations. Specifically, the Cambridge Face Memory Test, the Philadelphia Face 

Perception Battery, and the Jane Faces Test involve faces that are cropped in order to 

exclude all non-facial information (Duchaine & Nakayama, 2006; Thomas et al., 2008; 

Mondloch et al., 2002). In addition, the Cambridge Face Memory Test involves 

sequential, rather than simultaneous, presentation of target faces and test faces (Duchaine 

& Nakayama, 2006). 

 

Methods 

Participants 

 Participants for this study included three individuals with CP. Participant 1 was a 

37-year-old woman with 16 years of education. Participant 2 was a 55-year-old woman 

with 20 years of education. Participant 3 was a 31-year-old woman with 18 years of 

education. All participants described a lifelong difficulty with recognizing familiar faces, 

including faces of close family members. Nonetheless, these individuals are high 

functioning and all have positions in academic or medical fields which require them to 

interact with the general public. All participants reported using compensatory techniques 

to recognize individuals, such as relying on clothing, voice, hair, or taking photographs of 

people. Participants were recruited into the study after they came to the attention of 

faculty members in the Department of Psychology at the University of Arizona because 
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they were aware of their difficulty with face recognition and were interested in 

undergoing testing. 

Demographic information and scores on standardized face recognition tests are 

presented in Table 4. On the Benton Facial Recognition Test (Benton et al., 1983), the 

three participants performed in the normal range. On the Warrington Recognition 

Memory Test (Warrington, 1984), Participant 1’s face recognition performance was in 

the low average and Participants 2 and 3 were in the borderline range. In contrast, their 

performance on word recognition was in the high average to superior range. The 

discrepancy in performance between faces and words placed Participants 1 and 3 in the 5-

10th percentile and Participant 2 in the <5th percentile in comparison to age-matched 

participants in the standardization sample (Warrington, 1984). 

Twelve healthy controls also participated in the study (age: mean = 45.3, SD = 

11.2 years; education: mean = 15.9, SD = 1.6 years). An attempt was made to match 

control participants and CP participants on demographic variables. Control participants 

were recruited from the community through an advertisement. Inclusion criteria required 

that participants had no neurological or psychiatric conditions, no history of head injury, 

and no substance abuse problems. 
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Table 4: Demographics and Neuropsychological Test Scores for CP Participants 
 

                Participant 1            Participant 2      Participant 3  
Age (yrs)    37              55        31 
Gender     Female              Female        Female 
Education (yrs)    16               20        18 
 
Benton Facial Recognition Test  41/54   43/54        42/54 
 
Warrington Recognition Memory Test 
 Words    49/50   50/50         49/50 
 Faces    41/50   37/50         40/50 
            
 

 

Materials 

Philadelphia Face Perception Battery – This battery, developed by Thomas et al. 

(2008), involves four subtests, which were given to participants in randomized order. In 

the Age Test, two faces were displayed side-by-side on a computer screen and 

participants indicated which face they believed to be the older of the two. In the Gender 

Test, faces were displayed one at a time and participants indicated whether each face was 

male or female. In the Beauty Test, two faces were displayed side-by-side and 

participants indicated which face they found to be the most attractive. In the Similarity 

Test, a “target” face appeared at the top of the screen and two faces appeared side-by-side 

below; participants indicated which of the two faces on the bottom was the most similar 

to the “target” face. The stimuli for all tests were computer-generated Caucasian faces 

that were cropped to show only the face and the ears. Each test was comprised of 75 

trials, which were ordered in ascending difficulty. Participants were encouraged to 

respond quickly, but accurately (Thomas et al., 2008). 



 

 

100 

Jane Faces Test – Participants completed the Jane Faces Test (Mondloch et al., 

2002) described in Study 1. 

Cambridge Face Memory Test – This test, developed by Duchaine & Nakayama 

(2006), involved remembering six faces. The stimuli for this test included cropped 

images of young, Caucasian men. During the first phase of the test, three study images 

were presented on a computer screen sequentially for 3 seconds each. The images were 

three photos of the same face – a left profile, a frontal view, and a right profile. The 

participant was then presented with the studied face (one of the studied images) and two 

novel lures, and they were instructed to select the studied face with a key press. This 

procedure was repeated for the remaining five faces. During the second phase of the test, 

participants were shown a frontal view of the six faces that they had learned in the first 

phase, and they were given 20 seconds to review the six faces. They then completed 30 

forced-choice trials (each trial included a studied face and two lures), and participants 

indicated which of the three faces was a studied face. In this phase of the test, the photos 

of the studied faces were not the exact images that they had viewed previously; rather, 

they were the same faces with variations in the lighting and/or the pose. The third phase 

of the test was identical to the second phase, except noise was added to the images, 

making them appear grainy. After participants completed the test with upright faces, they 

completed the test again with inverted faces. The stimuli for the upright and inverted 

conditions were the same six faces (Duchaine & Nakayama, 2006). 

Bartlett Test – Participants completed the short version of the Bartlett Test 

described in Study 2. 
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Famous Faces Test – Participants completed the Famous Faces Test described in 

Study 2, with the exception of Participant 3, who received an abbreviated version of this 

test with 32 (instead of 40) famous faces. 

 

Procedure 

Participants were tested individually in a small, quiet testing room in the 

Department of Psychology at the University of Arizona. The study was approved by the 

Human Subjects Committee at the University of Arizona and informed consent was 

obtained from all participants prior to testing. Participants received financial 

compensation for their participation at an hourly rate. 

 

Results 

 The performance of the three participants with CP in comparison to healthy 

controls will be described using the following phrases, with the corresponding percentiles 

indicated in parentheses: severely impaired (0.6 or lower), moderately impaired (0.7-1.9), 

borderline (2-8), low average (9-24), average (25-74), high average (75-90), superior (91-

97), and very superior (98 or higher). 

Philadelphia Face Perception Battery – Results from the Philadelphia Face 

Perception Battery are presented in Figure 14. Participant 1 performed in the low average 

to average range for the Age, Beauty, and Similarity conditions; however, she was in the 

borderline range for the Gender condition. Participant 2 performed in the low average to 

average range for all conditions. Participant 3 performed in the average to high average 
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range for the Gender, Beauty, and Similarity conditions; however, she was in the 

moderately impaired range for the Age condition. When CP participants were compared 

as a group to controls, the only significant difference was on the Age condition, as 

controls performed significantly better than CP participants, t(13) = -2.26, p < .05 

 Jane Faces Test – Results from the Jane Faces Test are presented in Figure 15. In 

comparison to controls, Participants 1 and 2 performed in the severely impaired range for 

the upright spacing condition, while Participant 3 performed in the average range. All 

three participants were in the average range for the upright featural condition. The 

detrimental effect of facial inversion on performance that was seen in control participants 

for the spacing condition (a reduction in performance by 17%) was not found in any of 

the participants with prosopagnosia. The performance of Participants 1 and 2 actually 

improved for inverted faces (by 10% and 7%, respectively), and Participant 3 showed no 

difference in performance for upright and inverted faces on the spacing condition. On the 

featural condition, Participant 3 showed an inversion effect (reduction in performance by 

10%) that was similar to control participants (reduction in performance by 8%), while 

Participants 1 and 2 showed no difference in performance for upright and inverted faces. 

For the contour condition, Participant 1 performed in the average range for 

upright faces and superior range for inverted faces; Participant 2 was in the high average 

range for upright faces and the very superior range for inverted faces; Participant 3 was in 

the low average range for upright faces and the superior range for inverted faces. For the 

cousins condition, Participant 1 performed in the low average range for upright faces and 

the average range for inverted faces; Participant 2 was in the average range for upright 
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and inverted faces; Participant 3 was in the borderline range for upright faces and the low 

average range for inverted faces. 

Cambridge Face Memory Test – Results from the Cambridge Face Memory Test 

are presented in Figure 16. In comparison to controls, Participant 1 had a total score in 

the low average range for the upright and inverted conditions, while Participants 2 and 3 

were in the average range for both conditions. Healthy controls demonstrated the 

expected inversion effect, as they showed a decrease in performance for inverted faces 

compared to upright faces (20% reduction in correct responses), and the magnitude of the 

effect was similar to what has been reported in previous studies (Duchaine & Nakayama, 

2006). Participant 3 showed an inversion effect that was very similar to controls (22% 

reduction in correct responses). Participants 1 and 2 demonstrated an attenuated inversion 

effect (9% and 8% reduction in correct responses). 

Results for each of the three phases of the Cambridge Face Memory Test are 

presented in Figure 17. When CP participants were compared as a group to controls, the 

only significant difference was on the second phase of the test (novel images without 

noise) using inverted faces, as control participants performed significantly better than CP 

participants, t(12.29) = -2.85, p < .05. 

Bartlett Test – Results from the Bartlett Test are presented in Figure 18. In 

comparison to control participants, Participant 1 and 3 performed in the average range for 

hits, and Participants 2 was in the low average range. For false alarms to the various types 

of lures, Participant 1’s performance was in the borderline to average compared to 
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controls, Participant 2 was in the average range for all lures, and Participant 3 was in the 

average to high average range.  

Participants 1 and 2 demonstrated a pattern of responses in which false alarms to 

conjunctions were higher than false alarms for the other two types of lures. Their ability 

to discriminate target faces from conjunction lures was in the low average range (Pr = .08 

and .17) in comparison to controls (Pr = .46). Participant 3, on the other hand, 

demonstrated better discrimination between targets and conjunctions (Pr = .67), with 

performance in the high average range. 

For familiarized lures, all three participants had memory discrimination indexes in 

the low average to average range (Pr = .25, .42, .50) compared to controls (Pr = .58). 

Similarly, all three participants had memory discrimination indexes in the low average to 

average range (Pr = .83, .75, .84) compared to controls (Pr = .86) for entirely new lures. 

Famous Faces Test – Results from the Famous Faces Test are presented in Figure 

19. In comparison to controls, Participant 1 was severely impaired at identification of 

famous faces, as she identified only 55% of the faces. However, she correctly described 

an additional 40% of the celebrities when she was given the names, placing her total 

score in the low average range. Participant 2 correctly identified all of the famous faces 

from the photos, placing her in the high average range. Participant 3 correctly identified 

91% of the famous faces from the photos, and she correctly described the remaining 9% 

when given the names; both scores were in the average range in comparison to controls. 
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Figure 14: Performance of CP Participants on the Philadelphia Face Perception Battery 
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Figure 15: Performance of CP Participants on the Jane Faces Test 
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Figure 16: Performance of CP Participants on the Cambridge Face Memory Test: Total 
Scores 
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Figure 17: Performance of CP Participants on the Cambridge Face Memory Test: Three 
Phases 
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Figure 18: Performance of CP Participants on the Short Version of the Bartlett Test 
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Figure 19: Performance of CP Participants on the Famous Faces Test 
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Discussion 

Perceptual Processing in CP 

 This study examined the perceptual abilities of the three individuals with CP, all 

of whom reported a lifelong difficulty with recognizing familiar faces. On a standardized 

neuropsychological test of face perception, the Benton Facial Recognition Test (Benton 

et al., 1983), all participants performed in the normal range on. This result, however, 

should not be interpreted in isolation, given the lack of sensitivity demonstrated in 

previous studies (Duchaine & Nakayama, 2004; Duchaine & Weidenfeld, 2003). 

However, supporting evidence for an intact ability to match faces in these individuals 

comes from the Philadelphia Face Perception Battery, as CP participants performed in the 

normal range on the Similarity Test, which measured their ability to match faces based on 

their similarity to one another. Participants with CP were also largely accurate in their 

judgments regarding the age, gender, and attractiveness of faces (with the exception of 

borderline performance on gender judgments in Participant 1 and moderate impairment 

on age judgments in Participant 3). These findings suggest that basic visual processing 

abilities are intact in these individuals. Therefore, their deficit is best characterized as an 

associative agnosia rather than an apperceptive agnosia. 

 On the Jane Faces Test, Participants 1 and 2 showed the predicted pattern of 

performance, which was severe impairment in configural processing on the spacing 

condition and normal featural processing. In addition, these particpants demonstrated an 

inversion superiority effect, as their performance improved for inverted faces in 

comparison to upright faces for the spacing condition. This finding is consistent with the 
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notion that participants are attempting to engage a poorly developed or malfunctioning 

configural processing system when they view upright faces, leading to poorer 

performance than when they are able to use purely feature-based processing in the case of 

inverted faces (Behrmann et al., 2005; Marotta et al., 2002). 

The Jane Faces Test involves displaying facial stimuli for very brief exposures 

(200 ms), raising the possibility that participants’ difficulty on this test was partially 

related to deficits in their ability to process configural information quickly. In order to 

test this possibility, Participants 1 and 2 completed a modified version of the Jane Faces 

Test with longer exposure times (2 seconds). The original version and the modified 

version of this test were given to participants during separate testing sessions. It was 

found that performance was greatly improved on the spacing condition for upright faces 

in both Participant 1 (improvement of 37%) and Participant 2 (improvement of 30%), to 

the point that their scores were equivalent to controls’ performance on the original 

version of the test. Therefore, it appears that the CP participants were capable of 

processing configural information from faces, but they did so in a slower, more 

inefficient manner than controls. The results of the modified version of the Jane Faces 

Test are presented in the Appendix B.  

 Participant 3 demonstrated a different pattern of performance on the Jane Faces 

Test, as she was within the normal range for both the spacing and the featural conditions. 

Her performance differed from controls, however, in that she did not show an inversion 

effect on the spacing condition, while control participants had a decrease in performance 

of 17% for inverted faces. This pattern suggests that Participant 3 is able to process facial 
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configuration, even at brief exposures, but perhaps she does not rely on configural 

processing primarily since her performance was not disrupted by inversion. 

 

Recognition Memory Performance: Anterograde and Retrograde Memory 

 On the Warrington Recognition Memory Test (Warrington, 1984), the 

discrepancy in performance between face recognition and word recognition was in the 

borderline range for Participants 1 and 3, and the moderately impaired range for 

Participant 2. Therefore, despite the limitations outlined by Duchaine and colleagues 

(Duchaine & Nakayama, 2004; Duchaine & Weidenfeld, 2003), this test appeared to be 

sensitive to the face recognition deficits in the CP participants. 

In contrast, the Cambridge Face Memory Test did not reveal impairments in face 

recognition memory, as all three CP participants performed within the normal range for 

both upright and inverted faces. These findings are inconsistent with results of the eight 

prosopagnosia participants reported by Duchaine & Nakayama (2006), who were 

impaired on the upright condition of this test. An examination of the raw scores revealed 

that the discrepancy between studies was due to both better performance in the current 

study’s CP participants than the eight prosopagnosia participants (difference of 12.3%), 

and poorer performance of control participants in the current study compared to the 

Duchaine & Nakayama (2006) study (difference of 9.3%). Although Duchaine & 

Nakayama (2006) did not report formal analysis of the six CP individuals compared to 

the two acquired prosopagnosia individuals in their sample, a plot showing the 

performance of each participant reveals that the two participants with acquired 
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prosopagnosia had the lowest performance of the group. Inclusion of these two 

individuals in the Duchaine & Nakayama (2006) study may help to account for the poorer 

performance of prosopagnosic participants in their study compared to the CP participants 

in the current study. The difference in performance between the two control groups may 

be related to the restricted range age in the Duchaine & Nakayama (2006) study, as all 

control participants were college students (mean age: 20.2, range 18-26), while control 

participants in the current study were older on average and represented a wider age range 

(mean age: 45.3, range 28-58). 

 On the second anterograde memory test, the Bartlett Test, Participants 1 and 2 

demonstrated the highest rate of false facial recognition to conjunction faces in 

comparison to the other types of lures, consistent with expectations. This pattern of 

performance is consistent with the notion that individuals with CP focus on specific 

features when processing faces, either by using salient internal facial features to 

remember faces or by focusing on external features (e.g., hair) as a compensatory strategy 

to recognize people. Unfortunately, it was not possible to address which of these two 

techniques CP participants may have been using in the current study, since conjunction 

faces in the Bartlett Test were composed of internal features and external features from 

two study list items. 

 Despite the elevation in conjunction false alarms relative to the other types of 

lures for Participants 1 and 2, their ability to discriminate studied faces from conjunction 

lures was not outside of the normal range in comparison to controls, as their performance 

fell into the low average range. It is possible that this difference would have been more 
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pronounced if participants completed the longer version of the Bartlett Test that was used 

in Study 1, since the short version included only 12 conjunction items, which does not 

allow for much range in performance. This question could be addressed in future studies 

in order to determine whether the elevation in false alarms to conjunction faces observed 

in the current study is reliable. Participant 3 did not show an elevation in false alarms to 

conjunctions on the Bartlett Test, and her memory discrimination index for these lures 

was in the high average range in comparison to controls. 

On the Famous Face Test, only Participant 1 demonstrated the predicted pattern 

of performance, which was an impaired ability to recognize famous faces with no 

difficulty describing the celebrities when provided with the names. This participant’s 

performance emphasizes the modality-specific nature of the perceptual deficit in CP, as 

her impairment in recognition is restricted to the visual domain. Participants 2 and 3 were 

able to recognize all or most of the famous faces from the facial cues, which was similar 

to (or better than) the performance of control participants. Participant 2 reported that she 

was able to recognize the celebrities because she had seen them repeatedly in the media. 

Participant 3 reported that, while she was able to recognize most of the famous faces 

during the experimental test, she had great difficulty recognizing the same 

actors/actresses when she saw them in movies, particularly when there was a change in 

their hairstyle or facial hair. This suggests that these two individuals may have performed 

more poorly if the test had included images in which cues such as hair were removed, or 

if it had included lesser-known celebrities who receive less media exposure. 
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Conclusions, Caveats, and Future Directions 

 This study explored the face perception abilities and recognition memory 

performance of three individuals with CP. Face perception tests revealed that their deficit 

is best characterized as an associative agnosia, as participants were able to make basic 

judgments about faces (age, gender, beauty), and they could match faces that were the 

same or similar to one another. The impairment in CP was also found to be modality-

specific, as participants demonstrated no deficits in word recognition or in recognition of 

familiar individuals based on verbal information. 

 On a face recognition memory test, all three participants with CP were able to 

learn a set of six novel faces and recognize them at test, even when the faces were shown 

with different lighting, in a different pose, or with noise (making the image look grainy). 

They were also able to learn and remember a set of 24 faces and discriminate them from 

several different types of lures during a recognition memory test. However, when 

required to learn and remember a set of 50 faces, participants’ performance was below 

expectations. Taken together, these findings suggest that face recognition in CP may be 

influenced by the number of items that individuals are required to process and remember. 

Each of the face memory tests in the current study involved different formats for the 

recognition memory test (i.e., three-alternative forced choice, yes/no recognition, and 

two-alternative forced choice), limiting the extent to which they can be directly 

compared. Future studies could address the possible influence of set size on face 

recognition in CP by manipulating the number of faces in the study list, while holding the 

format of the recognition memory test constant across conditions. 
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 Despite several similarities in performance between the three participants with 

CP, results of this study also revealed heterogeneity in performance on some measures of 

face perception and face memory. Participants 1 and 2 demonstrated impaired configural 

processing when faces were shown at brief exposures, enhanced performance when faces 

were shown in the inverted orientation (inversion superiority effect), and an elevated rate 

of false recognition to conjunction faces in comparison to other types of lures. Participant 

3’s performance, on the other hand, resembled control participants in several ways; she 

demonstrated normal configural processing of faces at brief exposures, she showed an 

inversion effect on one task (which was the same magnitude as controls) and never 

showed an inversion superiority effect, and she made few false recognition errors to 

conjunction faces. Each of these findings offers evidence that Participants 1 and 2 rely on 

a feature-based approach to processing faces, while Participants 3 is able to use 

configural processing when viewing faces. This heterogeneity in the clinical presentation 

of CP may reflect underlying differences in the structural integrity of white matter tracts 

connecting regions critical for accurate face recognition in the right hemisphere (Thomas 

et al., 2009). Exploring the neurobiological correlates of performance on the tests used in 

the current study would be a useful direction for future research, including examining 

whether greater disconnection is associated with a reduced ability to process facial 

configuration. 

One limitation of the current study is the lack of clear diagnostic criteria for CP.  

The criteria for diagnosis described in the literature are quite general and require only that 

individuals have 1) an impairment in face processing, 2) face processing that has never 
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been normal, and 3) no evidence of brain damage (Behrmann & Avidan, 2005; Behrmann 

et al., 2005). The challenge in diagnosis is determining what constitutes “impaired” face 

processing, particularly given the limitations of standardized face recognition tests 

(Duchaine & Nakayama, 2004; Duchaine & Weidenfeld, 2003). In addition, establishing 

the history of an individual’s face processing deficits can be difficult, as this will often 

depend on the self-report of individuals and their families. There is a clear need for the 

establishment of more specific diagnostic criteria for CP, including a standardized 

definition of what is meant by “impaired” face processing. 

Accurate diagnosis and characterization of the perceptual impairment in CP may 

provide the practical benefit of allowing for the development of training programs 

designed to increase one’s ability to recognize faces. A study by DeGutis, Bentin, 

Robertson, and D’Esposito (2007) used a configural training procedure in which an adult 

CP participant was taught to discriminate among faces based on the spacing of internal 

facial features (i.e., distance between eyes, nose, mouth, and eyebrows). The training 

proved to be successful, as the participant’s face identification abilities improved after 

extensive training, both on standard tests of face recognition and in everyday life. In 

addition, neuroimaging revealed increased functional connectivity between face-selective 

regions in the occipito-temporal cortex of the right hemisphere following training. This 

finding indicates that it may be possible to rehabilitate poorly developed face processing 

systems in adults with CP (DeGutis et al., 2007). 

Perhaps not surprisingly, the inability to recognize familiar faces has been 

associated with a range of negative psychosocial consequences for individuals with CP. 
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Such consequences include difficulties in social interaction, anxiety, fear or avoidance of 

social situations, loss of self-confidence, and limited employment opportunities (Yardley, 

McDermott, Pisarski, Duchaine, & Nakayama, 2008). Therefore, further research 

investigating potential training programs for improving the face recognition abilities of 

individuals with CP is certainly warranted. 
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GENERAL DISCUSSION 

 This series of studies involved examining face recognition in several different 

populations, including healthy older and younger adults, patients with the temporal 

variant (semantic dementia) and the frontal variant of frontotemporal dementia, and 

individuals with congenital prosopagnosia. It was revealed that errors in recognition, 

including false facial recognition, can occur due to breakdowns in memory, executive 

functioning, or perception.  

All participants completed the Bartlett Test, a face recognition memory test that 

involved discriminating study list faces from several different types of lures (Bartlett et 

al., 2009), and a unique pattern of performance was observed for each group. Healthy 

older adults demonstrated a high rate of false alarms to familiarized lures, faces that were 

equal in familiarity to the study faces, in comparison to younger adults. The differences 

between older and younger adults could not be explained by perceptual processing 

deficits, as older and younger adults performed similarly on measures of configural and 

featural processing. Accurate rejection of these highly familiar lures requires recollection 

of contextual information surrounding when the face was originally shown, as well as 

source monitoring in order to determine whether each face had been presented on the 

study list. Older adults demonstrated a deficit in source monitoring and impaired 

recollection of contextual information, as they could not reliably discriminate between 

the familiarized lures and the study faces. In the absence of recollection, older adults 

appeared to rely on familiarity when making recognition decisions, as evidenced by a 

response pattern that corresponded directly to the gradient of familiarity of the items on 
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the test. Impairments in medial-temporally based recollection processes, as well as the 

inability of older adults to generate effective strategies for rejecting highly familiar faces 

may have contributed to the differences in false recognition between older and younger 

adults. 

Results of the Bartlett Test in three patients with frontotemporal dementia 

revealed different patterns of true and false facial recognition dependent on the presence 

or absence of frontal lobe damage. While temporal lobe atrophy alone was associated 

with a reduction in true recognition of faces, frontal lobe involvement was associated 

with increased false recognition and an extremely liberal response bias. This liberal 

response bias resulted in a pathologically high false alarm rate for items that were 

consistent with the studied category of faces, suggesting a reliance on general categorical 

knowledge or “gist” memory when making recognition decisions. False facial recognition 

could not be adequately explained by face memory impairment or perceptual processing 

deficits alone; while all three patients had impairments in memory and perception, only 

those with frontal lobe damage demonstrated striking elevations in false alarms. False 

facial recognition appears to reflect deficits in frontally-based processes such as strategic 

memory retrieval and memory monitoring functions that may be critical in retrieving 

item-specific memories, rather than relying upon “gist” memory, as well as evaluating 

memories in order to determine if the amount and quality of the information retrieved is 

sufficient to call a face familiar. 

Finally, two of the participants with congenital prosopagnosia demonstrated a 

unique pattern of performance on the Bartlett Test, which was an elevated false alarm 
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rate to conjunction faces, lures that included facial features identical to those seen on the 

study list, but not in that particular configuration. This pattern of performance is 

consistent with a deficit in configural processing of faces and reliance on a feature-based 

strategy in which individuals focus only on salient parts of the face. It may also reflect 

the use of compensatory strategies to recognize faces, such as focusing on external 

features (i.e., hair). The deficit seen in individuals with congenital prosopagnosia was 

specific to the visual modality, in contrast to the multi-modal impairment seen in patients 

with semantic dementia who had difficulty identifying familiar individuals both by face 

and by name. 

The unique pattern of performance observed in each population on the Bartlett 

Test demonstrates that impairments in memory, executive functioning, or perceptual 

processing can lead to errors in face recognition, but potentially for very different 

reasons. The cognitive mechanisms underlying false facial recognition appear to be 

different in the various populations studied. Younger adults were able to retrieve item-

specific memories about the faces they had seen, and they were able to monitor the 

source of these memories and use recollection of the study context in order to accurately 

reject the majority of the lures. Older adults were also able to retrieve item-specific 

memories about the faces to that they were exposed to, but they were unable to 

effectively monitor the source or recall the context of those memories in order to 

determine whether they were from the study list or the familiarization list. Patients with 

frontotemporal dementia appeared to be unable to use item-specific memory about the 

particular faces that they had seen, leading to a reliance on general or “gist” memory 
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about the category of faces. This reliance on gist memory led to high rate of false facial 

recognition, particularly in patients with frontal lobe damage who also failed to 

accurately monitor their memory in order to recognize that responding on the basis of 

category information was not appropriate when the task required making judgments 

about particular items within the general category. Finally, individuals with 

prosopagnosia were similar to the younger adults in that they were able to retrieve item-

specific memory about the faces that they had seen; however, the memory may have been 

based on individual features of the face rather than the face as a whole, due to deficits in 

configural processing. 

Taken together, these findings suggest a hierarchy of specificity when it comes to 

memory for faces. Younger adults have intact category, item, and source memory; older 

adults have intact memory for category and item, but are impaired at source memory; 

frontotemporal dementia patients have intact memory for the category of faces, but are 

impaired when it comes to item memory and source memory. Future studies of face 

recognition should explore whether these memory processes do indeed function as a 

hierarchy, including whether the onset of impairments associated with aging or disease 

processes follow a gradient from specific to general. Future studies in older adults, 

patients with frontotemporal dementia, and congenital prosopagnosia should also focus 

on rehabilitation techniques or training programs that could improve face recognition, as 

failure to accurately recognize faces can have important social implications. Such 

programs could involve either retraining functions that are impaired or poorly developed 

(i.e., training configural processing or memory monitoring techniques) or providing 
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individuals with effective strategies to compensate for their deficits. 

The face recognition tests that were used in current study, including the Bartlett 

Test, the Fame Judgment Test, and the Category Memory Test have advantages over 

standard clinical tests of face recognition, as standard tests do not provide the specialized 

types of lures needed to reveal the cognitive mechanisms underlying face recognition 

impairments. In addition, traditionally used face recognition tests, which include the 

Benton Facial Recognition Test (Benton et al., 1983), the Warrington Recognition 

Memory Test (Warrington, 1984), and tests involving identification of famous faces 

(Snowden et al., 2004) do not provide any measure of false facial recognition. Focusing 

only on true recognition of faces would have missed or greatly underestimated the 

impairments found in the participants in the current study. Therefore, evaluation of both 

true and false facial recognition is valuable in order to accurately characterize the nature 

of the deficit. 
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APPENDIX A: Factor Analyses of Bartlett Test Data 

In their study of 144 younger adults, Bartlett et al. (2009) used a principle 

component analysis method to identify two individual components related to performance 

on the Bartlett Test. The first component was related to false alarm errors on the 

recognition task, as false alarm rates for all three types of lures (familiarized lures, 

conjunctions, and new faces) showed a negative loading on “Factor 1.” The second 

component was related to hit rates as well as false alarms to conjunction faces, as both of 

these variables had positive loadings on “Factor 2,” while false alarm rates for the other 

two types of lures had negative loadings. These two factors are shown in Figure 20. The 

authors argue that these factors represent two distinct processing components in face 

recognition; the first factor is related to false recognition and is tied to the frontal 

executive system, while the second factor is primarily related to true recognition of study 

faces (or components of study faces) and represents the contribution of occipitotemporal 

processes to face recognition (Bartlett et al., 2009). 

 
Figure 20: Principle Component Analysis from Bartlett et al. (2009) Study 
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In the current study, it was hypothesized that this two-factor structure would be 

replicated in the sample of 40 younger adults. The current study also explored whether 

the factor structure identified in younger adults by Bartlett et al. (2009) would be similar 

in the group of older adults. It was hypothesized that the two factors identified by Bartlett 

et al. (2009) would be related to older adults’ composite scores of frontal lobe and medial 

temporal lobe functioning. Specifically, older adults’ scores on Bartlett’s “Factor 1,” 

which is thought reflect executive functioning, was predicted to be related to composite 

scores of frontal lobe functioning. Older adults’ scores on Bartlett’s “Factor 2,” which is 

thought to reflect true recognition of study faces, was predicted to be related to composite 

scores of medial temporal lobe functioning. 

Results of principle component analyses did not support these predictions. For the 

younger adult data, only one factor was extracted, which accounted for 49% of the 

variance. All four of the variables (hit rates and false alarm rates to familiarized lures, 

conjunctions, and new faces) showed a positive loading onto this single factor. Results 

were similar for the older adult data, as principle component analyses extracted a single 

factor that accounted for 59% of the variance, and all four of the variables showed a 

positive loading onto this factor. 

When the program was instructed to extract two factors, principles component 

analyses produced two separate factors in both the younger adult data and the older adult 

data. The loadings for hit rates and false alarm rates are shown in Figures 21 and 22. 
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Figure 21: Principle Component Analysis in Younger Adults 
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Figure 22: Principle Component Analysis in Older Adults 
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Results of these principle component analyses are not consistent with the two-

factor structure that was found by Bartlett et al. (2009). One potential explanation for 

these discrepant findings is the relatively small sample size in the current study; the older 

and younger groups had only 40 participants each, rather than the large sample (n=144) 

that was included in the Bartlett et al. (2009) study. 
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APPENDIX B: Jane Faces Test: Modified Version 

In the Jane Faces Test (Mondloch et al., 2002), two faces are presented on a 

computer screen in sequential order and participants are required to judge whether they it 

was the same face twice or two different faces. In the original version, the first face 

appears for 200 ms and, following a 300 ms interstimulus interval, the second face 

appears and remains on the screen until the participant makes their response. A modified 

version of this test was created in which the first face appears on the screen for 2 seconds. 

Every other aspect of the test remained the same. 

The performance of the three FTD patients on the modified version of the Jane 

Faces Test is presented in Figure 23. The performance of two of the participants with 

prosopagnosia is presented in Figure 24. Healthy control participants did not complete 

the modified version of the Jane Faces Test. 
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Figure 23: Performance of FTD Patients on Modified Version of the Jane Faces Test 
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Figure 24: Performance of Prosopagnosia Participants on Modified Version of the Jane 
Faces Test 
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