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Self-representations are multi-faceted and complex. Frontotemporal lobar 

degeneration (FTLD) is a neurodegenerative disease that selectively atrophies anterior 

brain regions (e.g., frontal pole, insula, anterior cingulate cortex) that are thought to 

subserve self-representations. While past work has extensively characterized the changes 

that occur in FTLD patients’ comprehension of the social world, relatively little attention 

has been paid to the changes that occur in the self-representations of patients themselves. 

The present study assessed five domains of self-representations: (1) self-conscious 

emotion, (2) self-monitoring, (3) self-focus, (4) self-reflection, and (5) insight in 

individuals with a neurodegenerative disease (i.e., FTLD, Alzheimer’s disease, 

corticobasal degeneration, supranuclear palsy) and without (i.e., healthy control 

participants). Multiple methods were used to evaluate participants’ behavioral (i.e., 

emotional facial expressions and eye movements), physiological, and experiential 

responses. Self-representations in the FTLD and control groups were compared, and the 

neural correlates of self-representations were investigated across diagnostic categories.  

Results supported the hypothesis of altered self-representations in FTLD, with 

FTLD patients exhibiting significantly lower levels of self-conscious emotion, self-
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monitoring, self-reflection, and insight and significantly higher levels of self-focus than 

controls. In terms of the neural correlates, three medial right hemisphere regions emerged 

as being significant predictors of self-representations. In line with expectations, smaller 

rostral anterior cingulate volumes predicted less self-conscious emotional responding, 

smaller frontal pole volumes predicted less self-monitoring, and smaller amygdala 

volumes predicted greater self-focus. FTLD is a disease in which changes in self are 

common. The present study expanded upon past work by detailing the specific domains 

of self-representations that are disrupted in FTLD and investigating the neural correlates 

of these self-representations in a sample of neurodegenerative patients and controls. The 

findings of the present study have implications for improving the diagnosis and treatment 

of FTLD and add to our basic understanding of the neural substrates of self-

representations.  

 

 

 

 

Chair         Date    
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Self-Representations: Alterations in Frontotemporal Lobar Degeneration and Correlates 

in the Brain 

 
 

"Since this notion of there being a self seems to be at the source of all emotions, 
it follows that if one wants to work with emotions, one has to investigate in 
depth this notion of 'I.'"  

-- Matthieu Ricard (2003), p.79 
 

 
"There must be a notion of objectivity which applies to the self, to 
phenomenological qualities, and to other mental categories, for it is clear that the 
idea of a mistake with regard to my own personal identity, or with regard to the 
phenomenological quality of an experience, makes sense… I may think that I 
am someone I am not. There is a distinction between appearance and reality in 
this domain as elsewhere." 

-- Thomas Nagel (1986), p. 36 
 

 
 The notion of self has puzzled philosophers and psychologists for centuries 

(Damasio, 2003; Happe, 2003; Harter, 1999; e.g., James, 1890; Kagan, 1982; Kihlstrom 

& Klein, 1997; LeDoux, 2002; Lewis, Sullivan, Stanger, & Weiss, 1989; Nagel, 1986; 

Neisser, 1993; Rochat, 1995). In its simplest form, the self can be considered a “structure 

within the mind” (Kohut, 1971) that is hierarchically mapped by the central and 

autonomic nervous systems (Churchland, 2002; LeDoux, 2002; Prigatano, 1991). These 

self-representations encompass both physical and mental qualities (Seeley & Sturm, 

2006) and are constantly updated to reflect the self with acuity. Accurate self-

representations enable immediate reflection on thoughts, feelings, and behavior. In 

addition to tracking the self in real-time, self-representations are also enduring and 

anchor the self with stable personality traits and emotional proclivities (Costa & McCrae, 

1997). Thus, self-representations are stable yet dynamic: iteratively adjusting when new 

information is encountered or old information is modified while simultaneously 

providing structure and consistency over the lifespan.  
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Self-representations become progressively more complex with ascension of the 

phylogenetic tree (Povinelli & Cant, 1995). Highly evolved social species such as great 

apes (Gallup, 1970, 1971), elephants (Plotnik, de Waal, & Reiss, 2006), and dolphins 

(Reiss & Marino, 2001) are capable of self-recognition, a foundational component of 

self-processing that is not evident in other species. In humans, self-representations are 

extremely sophisticated and rely heavily on frontal cortex, a region of the brain that is 

well developed in both humans and great apes (Semendeferi, Lu, Schenker, & Damasio, 

2002). Frontomedian brain networks have been repeatedly implicated in self-processing 

(Kjaer, Nowak, & Lou, 2002; Northoff & Bermpohl, 2004; Northoff et al., 2006; Seeley 

& Sturm, 2006; Uddin, Iacoboni, Lange, & Keenan, 2007) and may be especially 

vulnerable to disruption in clinical populations (Levenson & Miller, 2007; Schroeter, 

Raczka, Neumann, & von Cramon, 2008). Disruptions of self-representations have been 

described in psychological (Ingram, 1990; Medalia & Lim, 2004; Pini et al., 2003) and 

neurological (Farah, 1994; Graham, Kunik, Doody, & Snow, 2005; Hart, Sherer, Whyte, 

Polansky, & Novack, 2004) disorders. Diseases that impact the frontal lobes in particular 

appear to be especially deleterious to self-representations (Levenson & Miller, 2007; 

Miller et al., 2001; Stuss, 1991a). 

 

Frontotemporal Lobar Degeneration: Nosology, Symptoms, and Neuroanatomy 

 

Frontotemporal lobar degeneration (FTLD) is a neurodegenerative disease that 

selectively atrophies the frontal lobes, temporal lobes, and amygdala (Boxer & Miller, 

2005; Rosen et al., 2002), regions that are important for self-processing (Craik et al., 
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1999; Gusnard, Akbudak, Shulman, & Raichle, 2001; Johnson et al., 2002; Kelley et al., 

2002; Ochsner et al., 2004; Platek, Keenan, Gallup, & Mohamed, 2004; Zysset, Huber, 

Ferstl, & von Cramon, 2002). The prevalence of FTLD is higher than once thought; it is 

as common as Alzheimer’s disease in individuals under the age of 65 (Knopman, 

Petersen, Edland, Cha, & Rocca, 2004; Ratnavalli, Brayne, Dawson, & Hodges, 2002). 

The onset of FTLD is typically in the late 50s (Johnson et al., 2005), which is earlier than 

that of other dementias. FTLD patients progress to death at a faster rate than those with 

other forms of dementia (Rascovsky et al., 2005; Roberson et al., 2005).  

According to the consensus criteria proposed by Neary et al. (1998), FTLD 

subsumes three clinical phenotypes: frontotemporal dementia (FTD), semantic dementia 

(SD), and non-fluent progressive aphasia (NFPA). Although each subtype is 

characterized by an insidious onset and gradual progression, the prominence and time 

course of behavioral symptoms differ among the groups. In FTD, behavioral changes 

occur early in the disease and include decline in social interpersonal conduct, impairment 

in regulation of personal conduct, emotional blunting, and loss of insight. In SD, the 

primary symptoms are more language-based (e.g., fluent, empty spontaneous speech; loss 

of word meanings; semantic paraphasias) though supportive behavioral features include 

loss of sympathy and empathy. In NFPA, the core symptom is also one of language (i.e., 

non-fluent spontaneous speech with agrammatism, phonemic paraphasias, or anomia). 

While early stages of NFPA are characterized by preservation of social skills, later stages 

resemble the behavioral profile of the FTD subtype. Thus, despite different patterns early 

in the disease course, behavioral symptoms often characterize all three subtypes at later 

stages of progression. 
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In addition to substantial clinical variation, neuroanatomical heterogeneity often 

characterizes the FTLD subtypes (Harciarek & Jodzio, 2005; Litvan et al., 1997). 

Although FTD patients have predominantly frontal atrophy and SD patients have 

predominantly anterior temporal lobe and amygdala atrophy, loss in the orbitofrontal 

cortex, insula, and anterior cingulate can occur in both groups (Rosen et al., 2002). NFPA 

has a somewhat different neuroanatomical profile, and patients tend to have predominant 

loss in the left posterior frontal lobe and insula (Ogar, Dronkers, Brambati, Miller, & 

Gorno-Tempini, 2007). The neuropathological features of FTLD are varied and do not 

easily map onto clinical symptomatology (Kertesz, McMonagle, Blair, Davidson, & 

Munoz, 2005). While post-mortem analyses typically reveal tau and/or ubiquitin 

inclusions in the frontal and temporal regions in FTD and SD, this pathology is less 

common in NFPA (Forman et al., 2006; McKhann et al., 2001). Although some argue 

that FTLD is better characterized as three separate subtypes (Neary et al., 1998), others 

think it more parsimonious to consider FTLD a single disease (Kertesz, 2005).  

 

FTLD: A Disease of Social and Emotional Decline 

 

 FTLD patients exhibit a gradual yet profound decline in social dexterity. 

Clinically, FTLD patients are often socially disinhibited (Levy, Miller, Cummings, 

Fairbanks, & Craig, 1996; Liscic, Storandt, Cairns, & Morris, 2007; Liu et al., 2004; 

Mendez et al., 2006), a symptom that may be off-putting to others and stressful for 

caregivers (de Vugt et al., 2006). Patients may also become more passive, aloof, and cold 

than they were prior to their disease onset (Rankin, Kramer, Mychack, & Miller, 2003). 

 4



Laboratory studies have consistently found that FTLD patients fall short in their 

understanding of the social world. They have difficulty identifying others’ emotions 

(Fernandez-Duque & Black, 2005; Keane, Calder, Hodges, & Young, 2002; Lavenu, 

Pasquier, Lebert, Petit, & Van der Linden, 1999; Werner et al., 2007) and perspectives 

(Eslinger et al., 2007; Gregory et al., 2002; Lough et al., 2006; Snowden et al., 2003). 

They fail to understand social faux pas (Gregory et al., 2002) and moral transgressions 

(Lough et al., 2006).  

In the realm of emotional functioning, laboratory-based assessments (Levenson et 

al., 2008) indicate that FTLD patients have intact physiological and behavioral 

responding in certain emotional contexts. FTLD patients do not differ from controls in 

their emotional reactions to unexpected loud noises (Sturm, Levenson, Rosen, Allison, & 

Miller, 2006); to simply-themed happy, sad, and fearful emotional film clips (Werner et 

al., 2007); or to non-emotional physical exertion (Sturm, Ascher, Miller, & Levenson, 

2008). Thus, there is accumulating evidence that the physiological and behavioral 

infrastructure that is necessary for some aspects of simple emotional responding is 

preserved in FTLD. In contrast, emotional impairment in FTLD clearly occurs in 

situations that require higher-order processing of the self in relation to others (Sturm et 

al., 2008; Sturm et al., 2006).  

 

Self-Representations in FTLD 

 

  FTLD is often characterized by changes in fundamental and longstanding aspects 

of self (Levenson & Miller, 2007). While a large body of work has documented FTLD 
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patients’ deficits in comprehending other people (e.g., Lavenu et al., 1999; Lough & 

Hodges, 2002; Rosen et al., 2004; Snowden et al., 2003), relatively less attention has 

been paid to patients’ understanding of their own emotions, personality, and behavior. 

Although the number of studies on self-representations in FTLD has been on the rise in 

recent years (e.g., Banks & Weintraub, 2008; Levenson & Miller, 2007; Miller et al., 

2001; O'Keeffe et al., 2007; Seeley et al., 2006; Sturm et al., 2008; Sturm et al., 2006) 

many unanswered questions remain regarding the specific self-related changes that occur 

in this disease. The present study evaluated five domains of self-representations that are 

particularly relevant to the clinical profile of FTLD: (1) self-conscious emotion, (2) self-

monitoring, (3) self-focus, (4) self reflection, and (5) insight. The clinical presentation 

(Viskontas, Possin, & Miller, 2007) and patterns of neurodegeneration (Schroeter et al., 

2008) in FTLD suggest widespread alterations of self-representations in this disease. 

 

Self-Conscious Emotion 

 

 Embarrassment is a member of the family of “self-conscious” emotions (others 

include guilt, pride, and shame), emotions that are cognitively complex and require an 

appreciation of the self in a social context (Miller & Leary, 1992; Tangney, 1999). These 

self-conscious emotions are thought to emerge relatively late in phylogeny and ontogeny 

(Lewis et al., 1989). Embarrassment occurs when our behavior violates social norms 

(Lewis, 1995) and helps to motivate reparation of the situation (Keltner & Anderson, 

2000; Keltner & Buswell, 1997; Miller & Leary, 1992). Brain regions including the 
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medial prefrontal cortex, anterior cingulate, and insula are implicated in self-conscious 

emotions (Takahashi et al., 2004).  

Two studies completed in our laboratory have indicated a loss of self-conscious 

emotional responding in FTLD. In the first study (Sturm et al., 2006), FTLD patients and 

control participants were startled unexpectedly with a 100 ms, 115-dB burst of white 

noise (akin to the sound of a gunshot). Typically, this startle stimulus elicits a reflexive, 

defensive response that includes stereotyped muscle contractions in the face and upper 

torso (Ekman, Friesen, & Simons, 1985). For many people, this initial response is 

followed by a secondary, self-conscious response that occurs as they process the fact that 

they have had a very large reaction to what turned out to be a harmless event. This 

secondary response often entails self-conscious behaviors such as nervous laughter and 

controlled smiling. The results indicated that FTLD patients and controls did not differ in 

the magnitude of the initial behavioral or autonomic response to the startle stimulus; 

however, the secondary self-conscious response was markedly diminished or absent in 

the patients.  

In the second study (Sturm et al., 2008), a “karaoke” task was used in which 

participants viewed themselves singing on a video monitor. This task was explicitly 

designed to produce a self-conscious emotional response. Thus, it allowed for testing 

whether FTLD patients’ self-conscious emotion deficits, previously found in the startle 

paradigm, generalize to a quite different task. In addition, the structure of the singing task 

allowed for isolation of the behavioral, physiological, and experiential aspects of the self-

conscious emotional response. This study found that FTLD patients showed less self-

conscious responding in both the behavioral and physiological domains. To ensure that 
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any physiological differences between FTLD patients and controls were not the result of 

more general changes in peripheral physiological systems, physiological reactivity to a 

non-emotional control task (participants squeezed a handgrip device) was also 

investigated. This isometric activity reliably increases cardiovascular responding (Obrist, 

1981) and has been used extensively in past research (Levenson, 2007). No differences 

were found between the FTLD patients’ and controls’ levels of responding on the 

handgrip task, which offered further evidence that simple physiological responding was 

intact in FTLD and not the source of their deficient self-conscious emotional responding. 

A lack of self-conscious emotions in FTLD may help to explain some of the social gaffes 

seen in these patients as well as their failure to correct these behaviors. 

 

Self-Monitoring 

 

 Self-monitoring is the mechanism by which individuals are able to evaluate their 

actions in regards to personal goals or social standards (Duval & Wicklund, 1972). By 

observing the self, one is able to keep emotions and behavior in check, notice 

discrepancies between intended and actual actions, and change course quickly when a 

standard has not been met (Heilman, Barrett, & Adair, 1998). Self-monitoring of 

emotional states may be particularly important for social interactions as it facilitates 

adherence to social norms by promoting emotion regulation (Barrett, Gross, Christensen, 

& Benvenuto, 2001). Individuals with self-monitoring deficits may exhibit social 

difficulties because they do not notice and correct their social missteps. 
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There is accumulating evidence that self-monitoring depends on a reciprocal 

neural network that links the prefrontal cortex with the anterior cingulate cortex (Carter et 

al., 1998; Gehring & Knight, 2000; Swick & Turken, 2002). Although self-monitoring 

abilities vary across individuals (Hoerold et al., 2008), deficits are common in various 

forms of psychopathology (Carter, MacDonald, Ross, & Stenger, 2001; Gehring, Himle, 

& Nisenson, 2000; Karst et al., 2005; Nieuwenhuis, Nielen, Mol, Hajcak, & Veltman, 

2005; Schachar et al., 2004) and after frontal lobe injury (Prigatano, 1991; Stuss, 1991b). 

Individuals with orbitofrontal damage (a sub-region of the prefrontal cortex that lies 

behind the eye orbits) are poor self-monitors (Beer, John, Scabini, & Knight, 2006), 

which is thought to help explain their frequent social gaffes and poor interpersonal 

boundaries (Beer, Heerey, Keltner, Scabini, & Knight, 2003).  

In FTLD, accumulating evidence indicates that patients are deficient in self-

monitoring. Several recent laboratory assessments have found that patients inaccurately 

judge their performance on cognitive and behavioral tasks (Banks & Weintraub, 2008; 

Eslinger et al., 2005; Evers, Kilander, & Lindau, 2007; O'Keeffe et al., 2007; Salmon et 

al., 2008). No studies to date, however, have evaluated FTLD patients’ self-monitoring in 

a socioemotional context. Given their many social missteps and the loss they typically 

have in brain regions that are important for self-monitoring (e.g., anterior cingulate 

cortex, prefrontal cortex), it seems likely that FTLD patients will also exhibit impairment 

in their self-monitoring of emotional behavior.  

 

Self-Focus 
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The social world is complex and requires attention to both self and others. Thus, 

normal social functioning requires both the ability to attend to and to disengage from self, 

and social impairment may result from an imbalanced attentional system (e.g., too much 

attention on self may result in neglect of others). Recent functional magnetic resonance 

imaging studies have found more right-sided frontal (Sui & Han, 2007), frontoparietal 

(Platek et al., 2006; Uddin, Kaplan, Molnar-Szakacs, Zaidel, & Iacoboni, 2005) and 

limbic (e.g., anterior cingulate cortex, insula) involvement (Kircher et al., 2001) when 

participants view photographs of self compared to others.  

Heightened self-focus is common across psychological disorders (Ingram, 1990; 

Mor & Winquist, 2002; Muraven, 2005; Woodruff-Borden, Brothers, & Lister, 2001). 

Examples of this include increased self-focused attention and rumination in depression 

(Pyszcynski & Greenberg, 1987) and heightened attention to performance and self-

evaluation in anxiety disorders (Cacioppo, Glass, & Merluzzi, 1979; Watkins & 

Teasdale, 2004; Zou, Hudson, & Rapee, 2007). However, little attention has been given 

to this phenomenon in the context of neurodegenerative diseases. In FTLD, patients may 

become increasingly self-focused—ignoring loved ones’ needs, making decisions that 

only benefit themselves, prioritizing their desires above those of other people (Levy et al., 

1996; Liscic et al., 2007; Liu et al., 2004; Mendez et al., 2006). Although the clinical 

phenotype and neuroanatomical profile (Rosen et al., 2002; Seeley et al., 2008) of FTLD 

is suggestive of heightened self-focus, this notion has yet to be studied in a controlled 

laboratory setting. Increased attention to self, and decreased attention to others, may have 

serious social ramifications in FTLD. 
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Self-Reflection  

 

Self-reflection entails a disengagement from the external world and a turning of 

attention inward to ponder one’s inner world (Duval & Wicklund, 1972). Whereas self-

focus refers to the scope of one’s attention in a given moment (e.g., on the external world 

or the internal), self-reflection is the process of introspection that may unfold once 

attention has turned towards self. Thus, self-reflection is a cognitive process that entails 

contemplation of self in relation to one’s actions, goals, and expectations. Self-reflection 

promotes prosocial behavior such as adherence to social norms (Bersoff, 1999; Diener & 

Wallblom, 1976; Heine, Takemoto, Maskalenko, Lasaleta, & Henrich, 2008). Neural 

networks that include the medial prefrontal cortex and cingulate cortex are associated 

with self-reflective processes (Gusnard et al., 2001; Happe, 2003; Kelley et al., 2002; 

Lane, Fink, Chau, & Dolan, 1997; McGuire, Paulesu, Frackowiak, & Frith, 1996; Stuss 

& Levine, 2002; Vogeley et al., 2001). 

 Given that FTLD patients often act with disregard to the needs and feelings of 

others and have loss in the brain regions important for self-reflection (Rosen et al., 2002; 

Seeley et al., 2008), it seems likely that FTLD patients will exhibit diminished self-

reflective tendencies. No previous studies have evaluated self-reflection in FTLD. 

 

Insight 

 

Insight is a heterogeneous concept that characterizes an individual’s awareness of 

his behaviors, emotions, and personality. Good insight requires a person to have an 
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accurate mental representation of self (i.e., a close match between one’s self-

representations and objective measures of them). In clinical populations, insight is 

typically quantified by analyzing the discrepancy between patient and informant reports 

of the patient’s functioning (i.e., for a patient with good insight, there will be little 

discrepancy between the patient and informant descriptions of him). Deficits in insight 

may arise from a failure to update one’s self-representations to reflect the changes that 

have occurred in self.  

Lack of insight is common (Boxer & Miller, 2005; Neary et al., 1998) and often 

profound (Salmon et al., 2008) in FTLD. FTLD patients underestimate the extent of the 

changes that have taken place in their cognition, behavior, and personality (Eslinger et 

al., 2005; Evers et al., 2007; O'Keeffe et al., 2007; Rankin, Baldwin, Pace-Savitsky, 

Kramer, & Miller, 2005; Ruby et al., 2007; Salmon et al., 2008) and typically view 

themselves as they were prior to their disease onset (Rankin et al., 2005) rather than 

updating this view with the losses caused by the illness. While past work has focused 

primarily on FTLD patients’ awareness of their personality changes, no previous studies 

have examined their insight into their current levels of self-reflection.   

 

Summary of Self-Representational Domains 

 

The self is complex, multi-faceted, and dynamic. Although there is overlap among 

the various domains of self-representations, key differences in their underlying affective 

and cognitive machinery differentiate them and make each domain unique (see Table 1). 

For example, some forms of self-representations depend upon intact emotional 
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responding in addition to cognitive processing that integrates the self into its social 

context (e.g., as measured by the self-conscious emotion domain). Other forms of self-

representations, however, differ only in the degree to which the self is attended to and 

cognitively processed. For example, the self may be the center of simple attention (e.g., 

as measured by the self-focus domain), the focus of more elaborate introspection (e.g., as 

measured by the self-reflection domain), or the substrate of identity, which is 

continuously modified over time (e.g., as measured by the insight domain). As any of 

these domains may be singularly disrupted by neurodegenerative disease, it is important 

to evaluate multiple aspects of self-representations in order to pinpoint which of them go 

awry in FTLD and how they are mapped in the brain.  

 

The Present Study 

 

The present study evaluated five domains of self-representations: (1) self-

conscious emotions, (2) self-monitoring, (3) self-focus, (4) self-reflection, and (5) insight 

in individuals with and without neurodegenerative diseases. Participants’ behavior 

(emotional facial expressions and eye movements), physiological responding, and 

subjective experience were evaluated on multiple tasks, and regional brain volumes in the 

right hemisphere were quantified from structural magnetic resonance images (MRIs) 

using a semi-automated program. 

FTLD appears to disrupt self-representations more than other neurodegenerative 

diseases (Banks & Weintraub, 2008; Miller et al., 2001; Rankin et al., 2005; Sturm et al., 

2008; Sturm et al., 2006), and the present study sought to determine which specific forms 
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of self-representations are altered in FTLD. As relatively little is known about the 

associations between self-representations and the brain even in healthy populations, the 

present study also examined brain-behavior relationships across diagnoses. Thus, the 

aims of the present study were twofold: (1) to investigate the differences between self-

representations in FTLD patients and neurologically healthy control participants, and (2) 

to explore the neural correlates of self-representations across diagnostic categories. These 

two data analysis strategies enabled a detailed characterization of self-representations in 

FTLD and a broad investigation of the neural correlates of self-representations in a highly 

variable sample.  

 

METHODS 

  

Participants 

 

Sample Overview 

 

The full sample consisted of 13 FTLD patients, 19 AD patients, 12 corticobasal 

degeneration/progressive supranuclear palsy (CBD/PSP) patients, and 12 controls. In the 

present study, FTLD was the primary clinical group of interest because of the profound 

self-related deficits that have been reported in this population (Banks & Weintraub, 2008; 

Miller et al., 2001; Rankin et al., 2005; Sturm et al., 2008; Sturm et al., 2006). The other 

patient groups were included in order to examine brain-behavior relationships across 
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diagnostic categories in a sample that varied greatly in terms of their clinical profiles and 

patterns of brain atrophy.  

 

FTLD 

 FTLD is a neurodegenerative disease that selectively atrophies the frontal lobes, 

anterior temporal lobes, and amygdala and severely disrupts social and emotional 

functioning. Patients were diagnosed according to consensus research criteria (Neary et 

al., 1998). Please refer to the Introduction for a more detailed description of this disease. 

 

AD 

 AD is a neurodegenerative disease in which brain atrophy typically begins in the 

medial temporal lobe (e.g., entorhinal cortex), and with time, progresses to limbic regions 

(e.g., hippocampus) and, later, to neocortex (Braak & Braak, 1995). Cognitive deficits 

dominate the symptomatology of AD, which initially affects memory and later disrupts 

other processes such as visuospatial abilities (McKhann et al., 1984). The 

neuropathological features include neuritic plaques and neurofibrillary tangles (Maccioni, 

Munoz, & Barbeito, 2001). In the present study, AD patients met consensus research 

criteria for probable or possible AD (McKhann et al., 1984). Insidious onset and 

progressive impairment of memory and other cognitive functions are required for a 

diagnosis of probable AD. In cases of possible AD, although patients did not meet full 

research criteria for probable AD at the time of their clinical evaluations, their treatment 

team felt that the etiology of their symptoms was most likely AD.  
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 CBD/PSP 

 CBD and PSP are neurodegenerative diseases that share many clinical features 

including atypical parkinsonian features (Boeve, Lang, & Litvan, 2003), eye movement 

abnormalities (Garbutt et al., 2008), and executive dysfunction (Boeve et al., 2003; 

Garbutt et al., 2008; Pillon et al., 1995). Although both result in tau deposition in neurons 

and glia, the diseases are pathologically distinct (Dickson, 1999). In the present study, 

PSP patients met consensus research criteria for probable PSP (Litvan et al., 1996). 

Probable PSP requires vertical supranuclear gaze palsy, prominent postural instability, 

and falls in the first year of onset, as well as the other features of possible PSP (e.g., 

gradually progressive disorder with onset at age 40 or later, either vertical supranuclear 

gaze palsy or both slowing of vertical saccades, as well as no evidence of other diseases 

that could explain these features). A diagnosis of CBD was made if a patient exhibited all 

of the following symptoms: (1) a slowly progressive course, (2) asymmetric limb or axial 

rigidity, present without reinforcement, (3) aphasia, visuospatial impairment or neglect, or 

apraxia, and (4) dystonia, myoclonus, cortical sensory loss, or alien limb phenomenon 

(Boxer et al., 2006). 

 

Controls 

 Controls were neurologically healthy individuals with no previous psychiatric 

history who were recruited and screened by the UCSF MAC. They received the same full 

neurological, neuropsychological, and radiological work-up as the dementia patients. 

 

Sample Demographics 
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The groups did not differ in age, F(3, 52) = 1.23, n.s., education, F(3, 51) = 2.07, 

n.s., or their proportions of men and women, χ2 (3, N = 56) = 4.79, n.s. The FTLD and 

control groups, specifically, were similar in age, F(1, 23) = 1.69, n.s., years of education, 

F(1, 23) = 3.66, n.s., and their proportions of men and women, χ2 (1, N = 25) = 3.22, n.s. 

See Table 2 for the means and standard deviations of each group. 

 

Clinical Descriptions of the Participants 

 

Clinical evaluations and neuropsychological testing were completed within three 

months of the self assessments for patients and within one year for controls. 

 

Mini-Mental State Examination (MMSE) 

Cognitive abilities were assessed with the MMSE (Folstein, Folstein, & McHugh, 

1975). The MMSE was administered to all dementia patients and controls by trained staff 

at the University of California, San Francisco Memory and Aging Center (UCSF MAC). 

The MMSE is a brief, widely used measure that assesses a range of cognitive functioning, 

including orientation, memory, attention, visuospatial processing, and language. MMSE 

scores range from 0 to 30 (higher scores indicate better cognitive functioning), and it 

provides an index of overall cognitive status.  

There was a significant main effect of diagnosis on the MMSE, F(3, 50) = 6.25, p 

< .01. Follow-up analyses, using the Bonferroni adjustment for multiple comparisons, 

found that AD (p < .01) and CBD/PSP (p < .01) patients had significantly lower MMSE 
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scores than controls. FTLD patients did not significantly differ from controls. This 

pattern of findings is typical for these groups as the MMSE is biased towards language 

and memory items, which are more typically spared in FTLD while impaired in the other 

diseases (Kramer et al., 2003). All patient groups scored in the mild range of impairment, 

and the controls scored near ceiling (Table 2). 

 

Clinical Dementia Rating Scale (CDR) 

The CDR was administered at the UCSF MAC by a nurse certified in the CDR 

system. The CDR includes a functional assessment of the patients as well as a structured 

interview that is administered to caregivers. Six domains of functioning are evaluated: 

memory, orientation, judgment and problem-solving, community affairs, home and 

hobbies, and personal care. The CDR is widely used as a measure of dementia severity, 

with higher scores indicating greater impairment (scores range from 0 to 3). A total CDR 

score was computed using the standard CDR scoring algorithm (Morris, 1993), which is 

weighted to reflect memory impairment more strongly than other domains.  

There was a significant main effect of diagnosis for total CDR, F(3, 52) = 10.66, 

p < .001. Bonferroni comparisons found that FTLD (p < .01), AD (p < .001), and 

CBD/PSP (p < .001) patients had significantly higher CDR scores than controls. The 

patients’ scores placed them in the mild to moderate range of functional impairment, and 

controls were within the normal range (Table 2). 

 

Task Completion 
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 The number of participants who completed each task differed slightly due to some 

clinical limitations of the patients. For example, some patients with greater cognitive 

impairment were unable to complete the questionnaires that were used to assess the self-

reflection and insight domains. The domain that was most difficult to for patients was 

that of self-focus because it utilized eye-tracking equipment and required patients to 

follow a series of relatively nuanced instructions (e.g., participants were instructed to 

look slowly and precisely at a series of dots for calibration purposes). In addition, 

abnormal eye movements are often a feature of CBD and PSP (Garbutt et al., 2008), 

which made it particularly challenging to track their eyes successfully. Despite these 

issues, the majority of each diagnostic group completed each self-task in the present 

study. See Table 3 for a complete breakdown of the numbers of patients and controls who 

completed each laboratory task.  

 

Power 

 

 To ensure that the present study had sufficient statistical power to detect 

anticipated effects, power analyses (Faul, Erdfelder, Lang, & Buchner, 2007) were 

completed for each of the planned data analysis strategies: (1) analyses of variance (one-

way and mixed-model ANOVAs) to test between-groups effects and (2) multiple 

regression analyses to test predictive effects of an independent variable above and beyond 

other variables. Because the FTLD patients typically exhibit dramatic emotional deficits, 

we expected large effect sizes for the between-groups analyses. For the regression 

analyses, medium effect sizes were expected because we were investigating the 

 19



predictive power of a single brain region of interest above and beyond other relevant 

predictor variables. A priori power analyses indicated that: a sample size of 24 would 

provide sufficient power (.80) to detect a large effect size (F = .60) using a one-way 

ANOVA with two groups, a sample of 10 would provide sufficient power (.88) to detect 

a large effect size (F = .60) using a mixed-model ANOVA (with one between-groups 

variable, one within-group variable, and one interaction term), and a sample of 34 would 

provide sufficient power (.80) to detect a medium effect size (f 2 = .25) using a multiple 

regression analysis (R2 change) with 5 predictors (one criterion variable and four 

covariates). Given that we had 25 eligible participants for our between-groups analyses 

and 35 for the regression analyses, the present study had adequate power to detect real 

group differences (in the ANOVAs) and significant predictor variables (in the 

regressions). 

 

General Laboratory Procedure 

 

 Participants in the present study were involved in a larger study on 

neurodegenerative diseases that involved three days of testing at the UCSF MAC and one 

day at the University of California, Berkeley Psychophysiology Laboratory. The day at 

Berkeley involved a comprehensive six-hour battery of tasks assessing emotional 

functioning (Levenson et al., 2008). The tasks used to assess self-representations were 

included in the Berkeley battery.  

Upon arrival to the Berkeley Psychophysiology Laboratory, participants and their 

informants (family members or caregivers) signed consent forms (approved by the 

 20



Committee for the Protection of Human Subjects at the University of California, 

Berkeley) that described the laboratory tasks. As the entire assessment at Berkeley is 

videotaped, an additional consent form regarding the future use of videotapes made 

during the sessions was also presented but was not signed until the end of testing. 

After completing the consent forms, a trained research assistant took photographs 

of the participants and their informants. All photographs were taken using a standardized 

protocol (i.e., each photograph was taken with the same scale, lighting, and 

monochromatic background) to ensure comparability across individuals. Eyeglasses were 

removed to minimize glare, and participants and informants were instructed to look 

neutral.  

After the photograph was obtained, each participant was seated in a comfortable 

chair in a well-lit, approximately 10 x 20 foot experiment room where an experimenter 

attached physiological sensors and briefly explained the procedures. Two types of media 

were used for stimuli presentation. Film clips (see below) and instructions were presented 

on a 21-inch color television monitor at a distance of approximately 5 ¾ feet from the 

participant. Eye-tracking stimuli (for details of these stimuli, please see the paragraph 

entitled “Stimuli Preparation” in the Self-Focus section below) were presented on a 20-

inch LCD computer screen at a distance of 24 inches from the participant. 

 

Domains of Assessment 

 

Self-Conscious Emotion 
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Laboratory Tasks 

Singing task. Self-conscious emotional responding was assessed with a karaoke 

singing task that has been shown to elicit self-conscious emotional behavior reliably 

(Shearn, Bergman, Hill, Abel, & Hinds, 1990). Participants were fitted with headphones 

and asked to relax during a 60-second pre-trial baseline during which an “X” appeared on 

the television monitor. The song title was then displayed for 9 seconds on the monitor 

followed by the song (“My Girl” by The Temptations) for 2 minutes and 33 seconds 

(lyrics appeared on the monitor and sound was presented over the headphones). 

Participants were asked to sing along with the song but were not told that they would be 

viewing the videotape of their performance. 

Watch self singing task. When the song ended, the experimenter returned to the 

experiment room and removed the headphones. The experimenter’s only instruction for 

the next task was to watch the television monitor. The videotape that had just been 

recorded of the participant sitting through the baseline and singing was then played on the 

television monitor (participants heard and saw themselves singing without the 

Temptations’ version in the background, which served to highlight the participants’ own 

singing performance without musical accompaniment). After participants watched 

themselves sing, they responded verbally to a series of questions (see below) regarding 

their emotional experience during the task (“How did you feel while watching yourself 

sing?)”). All responses were recorded verbatim by a trained research assistant. 

 

Measures 
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Facial behavior. Participants’ behavior was videotaped continuously using a 

remotely controlled, high-resolution video camera that was partially concealed in the 

experiment room. Videotape timing was synchronized to the physiological measures 

using a system that inserted an invisible time-stamp on each video frame. The first 30 

seconds of participants watching themselves singing was later coded by a team of trained 

undergraduate coders. This period captured the initial singing, which is typically most 

embarrassing for participants. Coders used a modified version of the Emotional 

Expressive Behavior coding system (Gross & Levenson, 1993), which is based on the 

Facial Action Coding System (Ekman & Friesen, 1978). Coders, who were blind to 

participant diagnosis and to the nature of the trial, coded each second of the 30 seconds 

for nine emotional behaviors (anger, disgust, happiness, contempt, sadness, 

embarrassment, fear, surprise, and confusion) on a 0-3 intensity scale. The code for 

embarrassment was based on Keltner and Buswell’s (1997) description, which includes 

gaze aversion, smiling and laughter, smile suppression, blushing, and face-touches 

(Keltner & Buswell, 1997). The code for happiness/amusement included smiling and 

laughing. At least two coders rated each of the videotapes, and inter-coder reliability was 

high (Cronbach α = .87).  

Physiological responding. Physiological measures were monitored continuously 

using a Grass Model 7 polygraph, a computer with analog-to-digital capability, and an 

online data acquisition software package written by Robert W. Levenson, Ph.D. The 

software computed second-by-second averages for each measure: (1) heart rate (Beckman 

miniature electrodes with Redux paste were placed in a bipolar configuration on opposite 

sides of the participant’s chest; the inter-beat interval was calculated as the interval, in 
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milliseconds, between successive R waves); (2) finger pulse amplitude (a UFI 

photoplethysmograph recorded the amplitude of blood volume in the finger using a 

photocell taped to the distal phalanx of the index finger of the non-dominant hand); (3) 

finger pulse transmission time (the time interval in milliseconds was measured between 

the R wave of the electrocardiogram (EKG) and the upstroke of the peripheral pulse at 

the finger site, recorded from the distal phalanx of the index finger of the non-dominant 

hand); (4) ear pulse transmission time (a UFI photoplethysmograph attached to the right 

earlobe recorded the volume of blood in the ear, and the time interval in milliseconds was 

measured between the R wave of the EKG and the upstroke of peripheral pulse at the ear 

site); (5) systolic and (6) diastolic blood pressure (a blood pressure cuff was placed on the 

middle phalanx of the middle finger of the non-dominant hand and continuously recorded 

the systolic and diastolic blood pressure using an Ohmeda Finapress 2300); (7) skin 

conductance (a constant-voltage device was used to pass a small voltage between 

Beckman regular electrodes [using an electrolyte of sodium chloride in unibase] attached 

to the palmar surface of the middle phalanges of the ring and index fingers of the non-

dominant hand); (8) general somatic activity (an electromechanical transducer attached to 

the platform under the participant’s chair generated an electrical signal proportional to the 

amount of movement in any direction); (9) respiration period (a pneumatic bellows was 

stretched around the thoracic region and the inter-cycle interval was measured in 

milliseconds between successive inspirations); (10) respiration depth (the point of the 

maximum inspiration minus the point of maximum expiration was determined from 

respiratory tracing); and (11) finger temperature (a thermistor attached to the distal 
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phalanx of the little finger of the non-dominant hand recorded temperature in degrees 

Fahrenheit).  

These eleven measures were selected to provide a broad index of the activity of 

physiological systems important to emotional responding: cardiac, vascular, 

electrodermal, respiratory, and striate muscle.  

Self-report. After watching themselves sing, participants were asked to rate on a 

Likert-type scale (no, a little, a lot) how much they felt each of the following discrete 

emotions (afraid, amused/happy, angry, disgusted, embarrassed, sad, and surprised).  

 

Data Reduction 

Facial behavior. For each emotional facial behavior, the intensity scores for each 

occurrence during the 30-second “watch self singing” period were averaged across 

coders. A composite score for self-conscious emotional responding was computed by 

averaging the embarrassment and happiness/amusement codes. (Computation of a 

Cronbach α for the self-conscious emotional composite was not possible because most 

participants who exhibited a self-conscious emotional response were coded as either 

embarrassed or happy/amused. Thus, the resultant reliability coefficient violated the test’s 

assumptions.) A composite score for negative emotional behavior was computed by 

averaging the scores for anger, disgust, contempt, sadness, fear, surprise, and confusion 

(Cronbach α = .72). Thus, there were two behavioral composite scores for each 

participant: self-conscious behavior and negative emotional behavior.  

Physiological responding. Physiological data were analyzed during the first 30 

seconds that participants watched themselves singing. We computed participants’ 
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physiological reactivity during this task by subtracting the average level of each 

physiological measure while they watched themselves during the pre-singing baseline 

period (69 seconds—the 60 second baseline plus the 9 seconds when the title was 

present) from the average level while they watched themselves singing (30 seconds). To 

provide a single, more reliable measure of overall peripheral physiological responding, a 

composite score was calculated that comprised all physiological measures. To calculate 

this composite, standardized scores were computed for each physiological reactivity 

score and reverse-scored as needed (i.e., cardiac interbeat interval, finger pulse 

amplitude, finger pulse transmission time, ear pulse transmission time, respiration period) 

so that larger values reflected greater physiological arousal. The standardized scores were 

then averaged, which resulted in a single physiological reactivity composite score for 

each participant. The physiological composite score provided a more reliable measure of 

participants’ overall physiological responding while watching themselves sing. 

Reliability among the individual physiological channels was adequate but not high 

(Cronbach α = .62), which is common for these types of measures. For this reason, 

follow-up analyses of the individual physiological channels were also completed.  

To have a point of physiological comparison, a measure of physiological 

responding during the singing task itself (i.e., while participants were singing the song) 

was also computed. Thus, each participant had a single composite score that was 

computed by subtracting the average level of each physiological channel during the pre-

singing baseline (69 seconds—the 60 second baseline plus the 9 seconds when the title 

was present) from the averaged level while they first sang the song (30 seconds).  

 26



Self-report. Participants’ ratings of each discrete emotion were numerically coded 

(0 = no, 1 = a little, 2 = a lot). Participants’ ratings of embarrassment were used as a 

measure of self-conscious emotional experience; happiness/amusement was used as a 

measure of positive emotional experience; and anger, fear, disgust, and sadness were 

averaged for a composite measure of negative emotional experience (Cronbach α = .89).  

 

Self-Monitoring 

 

Laboratory Tasks 

Emotion suppression. Participants were seated in a comfortable chair in the 

experiment room. They were asked to relax during a pre-trial baseline during which an 

“X” appeared on the television monitor for 60 seconds. Following the baseline period, 

participants viewed the emotion suppression instructions (“For this next task, you will 

watch another film. Hide your feelings so that no one would know how you feel while 

watching the film.”) and then a disgusting film clip (from the movie Pink Flamingoes) 

for 1 minute and 45 seconds. Participants were not told that they would later be viewing 

the videotape of their performance on the emotion suppression task. After the film clip, 

participants responded verbally to a series of questions about their emotional experience 

(see below), and their responses were recorded verbatim by a trained research assistant. 

Self-monitoring. When the film clip ended, the experimenter returned to the 

experiment room. Participants were instructed to watch the television monitor for the 

next task. The experimenter then left the room, and the task instructions were then 

displayed on the monitor (“In the next task you will see the video of yourself watching 
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the last film clip. Please pay attention to your facial expressions.”). The videotape that 

had just been recorded of the participant during the emotion suppression task (i.e., of the 

participant sitting through the baseline and watching the disgusting film clip) was then 

played on the television monitor. After watching their performance during the emotion 

suppression task, participants were asked to respond to questions presented on the 

television monitor regarding their perceived emotional expressivity in the video (see 

below).  

 

Measures 

Facial behavior. Participants’ facial behavior during the most intense 30 seconds 

of the emotion suppression task (as rated by a team of independent coders) was coded by 

a team of trained research assistants (see the description of the modified Emotional facial 

Expressive Behavior coding system in the previous section). Participants’ emotional 

behavior while they watched a woman eats dog feces.  

Physiological responding. Physiological responding was not evaluated in this task 

because the primary question of interest was whether participants were aware of their 

emotional behavior (not their emotional reactivity). 

Self-report. Two self-evaluations were obtained from each participant. First, after 

the emotion suppression task participants were asked to rate how their emotional 

expressivity while watching the film (“How much emotion did you show on your face 

while watching this film?”) using a 0 (no emotion) to 4 (a lot of emotion) scale. Second, 

after watching the videotape of their performance during the emotion suppression task, 

participants were asked to make a similar rating regarding how much emotion they 

 28



thought they had displayed in the videotape (“How much emotion did you show on your 

face in the video?”). 

 

Data Reduction 

Ability to modify self-evaluation. Change scores were computed to determine 

whether participants were able to modify their self-evaluations after having seen the 

videotape of their performance during the emotion suppression task (i.e., participants’ 

self-evaluations of how much emotion they thought they displayed before minus after 

seeing the videotape of themselves).  

Accuracy between emotional behavior and self-evaluation. Two accuracy scores 

were calculated to evaluate the concordance between participants’ self-evaluations 

(before and after seeing the videotapes of their performance during the emotion 

suppression task) and their actual behavior. For each emotional facial behavior, the 

intensity scores for each occurrence during the 30-second period were averaged across 

coders. A composite score for total emotional behavior was computed by averaging the 

anger, confusion, contempt, disgust, happiness, embarrassment, fear, sadness, and 

surprise codes. This emotional behavioral composite score and the participants’ pre- and 

post-video self-evaluation scores were standardized. The two accuracy scores were then 

calculated: (1) the emotional behavioral composite score minus the participants’ self-

evaluations before seeing the videotape, and (2) the emotional behavioral composite 

score minus the participants’ self-evaluations after seeing the videotape.  
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Change scores for the accuracy scores were also computed by subtracting 

participants’ accuracy scores after seeing the videotapes from their accuracy scores 

before seeing the videotapes. 

 

Self-Focus 

 

Stimuli Preparation 

A research assistant edited the photographs that were taken of the participants and 

their informants so that head size was consistent across individuals. Five slides were 

created in which two equally-sized photographs (6 ½ x 10 inches) were placed side by 

side on a white background. Photographs of familiar people (self and others) were placed 

on the right side in order to counteract any left-sided biases (Rösler et al., 2005). The 

order of the slides was as follows: familiar other vs. self, unfamiliar male vs. self, 

familiar other vs. unfamiliar female, familiar other vs. unfamiliar male, unfamiliar female 

vs. self). The familiar other was the photograph of the participant’s informant while the 

unfamiliar others were photographs of an age-matched man and woman who were 

unknown to the participants.  

 

Laboratory Tasks 

Self vs. others preference task. Participants were instructed to look at the slides, 

each of which was presented for 5 seconds. Each slide was preceded by a 2-second 

fixation screen (an “X” presented in the center of the screen) and followed by a 15-

second query screen (“Which picture did you find more interesting?”).  

 30



 

Measures 

Eye movements. Participants were seated in a comfortable chair in the experiment 

room and were fitted with a light-weight (12 oz.) Applied Science Laboratories H6 head-

mounted infrared eye camera (sampling rate 60 Hz). In this eye-tracking system, a head-

mounted camera and monocle (or “hot mirror”) are attached to an adjustable headband, 

enabling participants to gaze freely and move their heads without restriction. The 

camera’s location near the eye improves resolution and pupil magnification. 

The experimenter positioned the camera and monocle to get a clear view of the 

participant’s left pupil and corneal reflection. Eye-tracking data were collected using 

Applied Science Laboratories’ EyeTrac software, which integrated information from an 

Ascension Flock of Birds head-tracker (a device on the eye-tracker that monitors head 

motion). The eye-tracking system was calibrated by instructing each participant to follow 

a nine-point calibration procedure before and after the task to ensure accuracy of 

measurement. A quality control check was also completed by a trained graduate student 

who examined each slide for data quality after data collection was completed.  

Self-report. After viewing each pair of photographs, participants were asked to 

indicate which of the photographs (“1 or 2”) they had found more interesting.  

 

Data Reduction 

 Eye movements. Eye-tracking data were analyzed using Eye Response’s Gaze 

Tracker software. Rectangular regions of interest were drawn around each photograph 

(i.e., each region of interest incorporated the entire image, making two regions of interest 
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per slide). Fixations were defined as pauses between eye movements that lasted more 

than 0.1 seconds. The percentage of fixations that participants had on each region of 

interest was quantified by dividing the number of fixations on photograph each by the 

total number of fixations for that slide. Self-focus was quantified by averaging the 

percentage of fixations on self across three slides (self vs. familiar other, self vs. 

unfamiliar male, self vs. unfamiliar female). Familiar other-focus was quantified by 

averaging the percentage of fixations on familiar others across two slides (familiar other 

vs. unfamiliar male, familiar other vs. unfamiliar female. 

 Self-report. Participants’ responses to the question, “Which picture did you find 

more interesting?” were numerically coded. For the three slides that contained 

photographs of the participants themselves, 1 = they stated the photograph of themselves 

was more interesting, and 0 = they stated the photograph of the other person was more 

interesting. For the two slides that did not include photographs of the participants, 1 = 

they stated their familiar other was more interesting, and 0 = they stated the unfamiliar 

person was more interesting. A self-focus score was computed by averaging across three 

slides (self vs. familiar other, self vs. unfamiliar male, self vs. unfamiliar female), and a 

familiar-other focus score was computed by averaging across two slides (familiar other 

vs. unfamiliar male, familiar other vs. unfamiliar female). 

 

Self-Reflection 

 

Measures 
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Revised Self-Consciousness Questionnaire (rSCQ). Participants completed the 

rSCQ (Scheier & Carver, 1985), a twenty-two item questionnaire that is comprised of 

three independent factors: private self-consciousness, public self-consciousness, and 

social anxiety. According to Scheier and Carver (1985), the private self-consciousness 

subscale evaluates the “tendency to think about and attend to the more covert, hidden 

aspects of the self, aspects that are personal in nature and not easily accessible to the 

scrutiny of other persons—for example, one’s privately held beliefs, aspirations, values, 

and feelings.” Sample items from this subscale include, “I’m always trying to figure 

myself out,” “I’m constantly thinking about my reasons for doing things,” and “I’m quick 

to notice changes in my mood.” In the present study, the private self-consciousness 

subscale was used as a measure of self-reflection. The public self-consciousness and 

social anxiety subscales were not used here because both evaluate observable, more 

“public” aspects of self (.e.g., others’ impressions of one’s behavior and mannerisms) 

rather than the inner self-reflective tendencies (Scheier & Carver, 1985), which were a 

primary focus of the present study.  

Participants used a Likert-type scale to rate how much each item corresponded 

with their general personality style now (1 = extremely uncharacteristic, 2 = slightly 

uncharacteristic, 3 = slightly characteristic, 4 = extremely characteristic). Informants 

completed the rSCQ twice and rated how well each item described the participants (1) 

now and (2) before their illness (for the patients) and approximately 10 years ago (for the 

controls).  

 

Data Reduction 
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Missing data. Most participants and informants responded to all of the items on 

private self-consciousness subscale of the rSCQ. In cases where fewer than four 

questions were left blank on this subscale, the participant’s mean score for that subscale 

(based on the completed subscale items) was used as an estimate for those missing items. 

In cases where more than four questions were left blank, data for that participant were 

excluded (the questionnaires of four informants were dropped for this reason). 

Self-reflection. In accordance with Scheier & Carver (1985), responses to one 

item (“I never take a hard look at myself”) were reverse-scored, and the items in the 

private self-consciousness subscale were then summed to get a total self-reflection score. 

Each participant had a total of three self-reflection scores: (1) the participants’ ratings of 

their own self-reflection now, and their informants’ ratings of them (2) now and (3) in the 

past. Participants were not asked to rate themselves in the past because past research has 

demonstrated that dementia patients and their informants typically agree on their ideas of 

the patients in the years before their illness (Rankin et al., 2005), and we wanted to 

minimize verbal task demands.  

 

Insight 

 

Measures 

rSCQ. As described in the previous section, participants and informants rated the 

participants’ current levels of self-reflection on the rSCQ. Insight was assessed by 

computing the magnitude of discrepancy between the participant and informant ratings of 

the participants’ current levels of self-reflection 
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Data Reduction 

Missing data. As described in the previous section, data from four informants 

were excluded due to the fact that they did not respond to a large number of items on the 

private self-consciousness subscale. 

Insight. In order to determine the level of concordance between the participants’ 

and informants’ ratings of the participants’ current self-reflection, difference scores were 

calculated for each item (participant minus informant ratings). After taking the absolute 

value of each difference score, these scores were summed to obtain a total insight score 

(higher scores signified less insight).  

 

Regional Brain Volumetics 

 

Although self-representations are complex and likely involve multiple 

hierarchical and reciprocal neural networks, certain regions are consistently recruited in 

self-processing. The right hemisphere, in particular, has been implicated in tasks that 

require processing of self (Feinberg & Keenan, 2005; Frassinetti, Maini, Romualdi, 

Galante, & Avanzi, 2008; Keenan, Rubio, Racioppi, Johnson, & Barnacz, 2005; 

Lieberman, 2007) and emotions (Demaree, Everhart, Youngstrom, & Harrison, 2005; 

Schwartz, Davidson, & Maer, 1975). Frontomedian structures (including the medial 

prefrontal cortex, orbitofrontal cortex, and anterior and posterior cingulate) are 

particularly important for self-processing (Northoff & Bermpohl, 2004; Northoff et al., 
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2006; Seeley & Sturm, 2006; Uddin et al., 2007) and are especially vulnerable in FTLD 

(Schroeter et al., 2008).  

 

Regions of Interest 

 

In the present study, the relationships between self-representations and eleven 

right hemisphere regions of interest were investigated. The regions of interest included 

the (1) frontal pole, (2) medial orbitofrontal cortex, (3) lateral orbitofrontal cortex, (4) 

rostral middle frontal gyrus, (5) caudal middle frontal gyrus, (6) superior frontal gyrus, 

(7) rostral anterior cingulate cortex, (8) caudal anterior cingulate cortex, (9) posterior 

cingulate, (10) precuneus, and (11) amygdala. The majority of these regions (i.e., 1, 2, 7, 

8, 9, 10, 11) were chosen because they are midline structure that have already been 

associated with self-representations and social behavior. The remaining structures (i.e., 3, 

4, 5, 6) are regions of the frontal lobe that are typically affected in FTLD, which may 

play important supportive roles in the maintenance self-representations.  

As described by Desikan and Segonne et al. (2006), the regions of interest were 

defined by the following neuroanatomical landmarks: 

 
1. Frontal pole. The rostral and caudal boundaries of the frontal pole were the 
superior frontal gyrus and the rostral division of the middle frontal gyrus, 
respectively. Note that the frontal pole was manually designated using an 
exclusionary criterion (other frontal lobe regions were first designated and the 
remaining portion was called frontal pole) and is not actually used as a measure of 
the frontal pole itself. 
 
2. Medial orbitofrontal cortex. The rostral boundary of the medial division of the 
orbitofrontal cortex was the rostral extent of the medial orbital gyrus, and the caudal 
boundary was the caudal portion of the medial orbital gyrus/gyrus rectus. The medial 
and lateral boundaries were the cingulate cortex on the inflated surface and the 
medial bank of the superior frontal gyrus (or the cingulate gyrus when visible), 
respectively. 
 

 36



3. Lateral orbitofrontal cortex. The rostral boundary of the lateral division of the 
orbitofrontal cortex was the rostral extent of the lateral orbital gyrus (where it 
appears with the frontomarginal sulcus), and the caudal boundary was the caudal 
portion of the lateral orbital gyrus. The medial and lateral boundaries were the 
midpoint of the olfactory sulcus and the lateral bank of the lateral orbital sulcus 
and/or the circular insular sulcus, respectively. 
 
4. Superior frontal gyrus. The rostral boundary of the superior frontal gyrus was the 
rostral extent of the superior frontal sulcus, and the caudal boundary was the 
paracentral sulcus on the inflated surface. The medial and lateral boundaries were 
designated as the medial aspect of the frontal lobe and the superior frontal sulcus, 
respectively. 
 
5. Rostral middle frontal gyrus. The rostral boundary was the rostral extent of the 
superior frontal sulcus, and the caudal boundary was the caudal extent of the middle 
frontal gyrus. The medial and lateral boundaries were the superior frontal sulcus and 
the inferior frontal sulcus, respectively. 
 
6. Caudal middle frontal gyrus. The rostral boundary was the rostral extent of the 
middle frontal gyrus, and the caudal boundary was the precentral gyrus. The medial 
and lateral boundaries were designated as the superior frontal sulcus and the inferior 
frontal sulcus, respectively. 
 
7. Rostral anterior cingulate cortex. The rostral boundary was the rostral extent of 
the cingulate sulcus (inferior to the superior frontal sulcus), and the caudal boundary 
was the genu of the corpus callosum. The medial boundary was the medial aspect of 
the cortex. The supero-lateral boundary was the superior frontal gyrus, and the 
inferolateral boundary was defined as the medial division of the orbitofrontal gyrus. 
 
8. Caudal anterior cingulate cortex. The rostral boundary was the genu of the corpus 
callosum, and the caudal boundary was established as the mammillary bodies. The 
medial and lateral boundaries were the medial aspect of the cortex and the superior 
frontal gyrus, respectively. 
 
9. Posterior cingulate. The rostral and caudal extent were the caudal anterior and the 
isthmus divisions of the cingulate cortex, respectively. The medial and lateral 
boundaries were the corpus callosum and the superior frontal gyrus and/or 
paracentral lobule, respectively. 
 
10. Precuneus. The rostral boundary was the posterior extent of the paracentral 
lobule, and the caudal boundary was the lingual gyrus. The medial and lateral 
boundaries were the parieto-occipital fissure and the superior parietal gyrus, 
respectively. 
 
11. Right amygdala. As described by Fischl et al. (2002), the amygdala volumes 

were generated with a Bayesian approach that used the probability that each voxel would 

be in the amygdala given both its location in space and its spatial relationship to other 

nearby structures. 
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FreeSurfer is a semi-automated program that was used to generate the cortical and 

subcortical volumes for the eleven regions of interest listed above. This approach enabled 

investigation of multiple brain volumes and is a useful approach for larger datasets for 

which manual tracing of these regions is unfeasible. This procedure has been shown to be 

statistically indistinguishable from using manual tracing (Fischl et al., 2002). The authors 

of the FreeSurfer software request that the following paragraph be included in any study 

using this methodology: 

 
Cortical reconstruction and volumetric segmentation was performed with the 
FreeSurfer image analysis suite, which is documented and freely available for 
download online (http://surfer.nmr.mgh.harvard.edu/). The technical details of 
these procedures are described in prior publications (Dale, Fischl, & Sereno, 
1999; Dale & Sereno, 1993; Fischl & Dale, 2000; Fischl, Liu, & Dale, 2001; 
Fischl et al., 2002; Fischl, Salat et al., 2004; Fischl, Sereno, & Dale, 1999; 
Fischl, Sereno, Tootell, & Dale, 1999; Fischl, van der Kouwe et al., 2004; Han 
et al., 2006; Jovicich et al., 2006; Segonne et al., 2004). Briefly, this processing 
includes motion correction and averaging of multiple volumetric T1 weighted 
images (when more than one is available), removal of non-brain tissue using a 
hybrid watershed/surface deformation procedure (Segonne et al., 2004), 
automated Talairach transformation, segmentation of the subcortical white 
matter and deep gray matter volumetric structures (including hippocampus, 
amygdala, caudate, putamen, ventricles) (Fischl et al., 2002; Fischl, Salat et al., 
2004) intensity normalization (Sled, Zijdenbos, & Evans, 1998), tessellation of 
the gray matter white matter boundary, automated topology correction (Fischl et 
al., 2001; Segonne, Pacheco, & Fischl, 2007), and surface deformation 
following intensity gradients to optimally place the gray/white and 
gray/cerebrospinal fluid borders at the location where the greatest shift in 
intensity defines the transition to the other tissue class (Dale et al., 1999; Dale & 
Sereno, 1993; Fischl & Dale, 2000). Once the cortical models are complete, a 
number of deformable procedures can be performed for in further data 
processing and analysis including surface inflation (Fischl, Sereno, & Dale, 
1999), registration to a spherical atlas which utilized individual cortical folding 
patterns to match cortical geometry across subjects (Fischl, Sereno, Tootell et 
al., 1999), parcellation of the cerebral cortex into units based on gyral and sulcal 
structure (Desikan, Segonne et al., 2006; Desikan, Ségonne et al., 2006; Fischl, 
van der Kouwe et al., 2004), and creation of a variety of surface based data 
including maps of curvature and sulcal depth. This method uses both intensity 
and continuity information from the entire three dimensional MR volume in 
segmentation and deformation procedures to produce representations of cortical 
thickness, calculated as the closest distance from the gray/white boundary to the 
gray/CSF boundary at each vertex on the tessellated surface (Fischl & Dale, 
2000). The maps are created using spatial intensity gradients across tissue 
classes and are therefore not simply reliant on absolute signal intensity. The 
maps produced are not restricted to the voxel resolution of the original data thus 
are capable of detecting submillimeter differences between groups. Procedures 
for the measurement of cortical thickness have been validated against 
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histological analysis (Rosas, 2002) and manual measurements (Kuperberg, 
2003; Salat et al., 2004). FreeSurfer morphometric procedures have been 
demonstrated to show good test-retest reliability across scanner manufacturers 
and across field strengths (Han et al., 2006).  

 
Structural MRI 

 

Structural MRIs were obtained from each participant. Brain imaging was done at 

the San Francisco Veterans Administration Hospital Magnetic Resonance Spectroscopy 

laboratory. MRI scans were obtained on a 1.5-T Magnetom VISION system (Siemens 

Inc., Iselin, NJ) equipped with a standard quadrature head coil. Structural MRI sequences 

included: 1) two-dimensional, fast low-angle shot (FLASH) MRI along three orthogonal 

directions, 3 mm thick slices, about 15 slices in each direction to obtain scout views of 

the brain for positioning MRI slices; 2) a double spin echo sequence (repetition time 

[TR]/echo time [TE]1/TE2 = 5,000/20/80 milliseconds) to obtain proton density and T2-

weighted MRI, 51 contiguous axial slices (3 mm) covering the entire brain and angulated 

-10 degrees from the anterior commissure-posterior commissure line; 1.0 × 1.25 mm2 in-

plane resolution; 3) volumetric magnetization-prepared rapid gradient echo (MP-RAGE) 

MRI (TR/TE/inversion time [TI] = 10/4/300 msec) to obtain T1-weighted images of 

entire brain, 15° flip angle, coronal orientation perpendicular to the double spin echo 

sequence, 1.0 × 1.0 mm2 in-plane resolution and 1.5 mm slab thickness. 

 

Volumetrics Summary 

 

 In summary, FreeSurfer is a program that uses a multi-step, semi-automated 

protocol to generate volumes of cortical and subcortical structures. A probabalistic atlas 
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was compiled from a large sample of participants whose images had been manually 

traced. To achieve voxel-to-voxel correspondence, the images in the probabalistic atlas 

were mapped into common space (Talairach & Tournoux, 1988), and each voxel was 

assigned an anatomical label (by hand) and a participant-specific value (i.e., a measure of 

the voxel’s intensity). After the images in the present study were segmented (gray matter 

from white, white matter from cerebrospinal fluid), FreeSurfer used the probabilistic atlas 

to assign an anatomical label to each voxel of each participant’s image. To generate these 

labels, three types of probabilities were computed based on the labels and intensities in 

the probabalistic atlas: the probability that a voxel belonged to each anatomical label 

class given (1) its location, (2) the classification of its neighboring voxels, and (3) its 

intensity. The voxels in each anatomical label class were then summed to have a measure 

of each region of interest’s total volume for each participant.  

 

Hypotheses 

 

See Table 4 for a summary of the predictions in the present study. 

 

1. Group Comparisons (FTLD vs. Controls) 

 

Self-Conscious Emotion 

1a. FTLD patients will exhibit less self-conscious emotional behavior than 

controls while watching themselves sing.  
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Rationale: Previous research has found that FTLD patients exhibit less self-

conscious emotional behavior than controls during embarrassing situations 

(Sturm et al., 2008; Sturm et al., 2006). As previous studies have found that 

negative emotional responding is intact in FTLD (Sturm et al., 2008; Sturm et 

al., 2006; Werner et al., 2007), no differences were expected between the 

FTLD patients’ and controls’ levels of other negative emotional behaviors. 

 

1b. FTLD patients will exhibit less physiological responding than controls while 

watching themselves sing. 

 

Rationale: Past research has found that FTLD patients exhibit less 

physiological responding than controls while watching themselves sing 

(Sturm et al., 2008). 

 

Note: Consistent with past research (Sturm et al., 2008), it was expected that 

FTLD patients and controls would self-report similar levels of self-conscious 

emotional experience. 

 

Self-Monitoring 

 1c. After viewing the videotapes of their performance during the emotion 

suppression task, the FTLD patients will modify their self-evaluations less 

than the controls.  
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Rationale: The ability to think and act flexibly relies heavily on prefrontal 

lobe functioning (Miller & Cohen, 2001; Milner, 1982; Shimamura, 2000). 

While the dorsolateral prefrontal cortex has been associated with cognitive 

flexibility and sustained attention (Knight, Grabowecky, & Scabini, 1995; 

Stuss & Levine, 2002), the orbitofrontal cortex plays an especially important 

role in the adjustment of socioemotional behavior to meet changing 

environmental demands (Dias, Robbins, & Roberts, 1996; Hornak et al., 2003; 

Rolls, 2004; Rule, Shimamura, & Knight, 2002). Given that dorsolateral and 

orbitofrontal prefrontal cortex loss is common in FTLD (Rosen et al., 2002; 

Viskontas et al., 2007), it was hypothesized that FTLD patients would be 

more rigid in their appraisals, not adjusting their self-evaluations as much as 

the controls even after seeing the videotapes of their performance. 

 

1d. The self-evaluations of the FTLD patients will be less accurate than those of 

the controls before and after seeing the videotapes of their performance during 

the emotion suppression task.  

 

Rationale: FTLD is a disease that is characterized by marked deficits in self-

awareness and behavioral control. There is some evidence that FTLD patients 

show a diminished ability to monitor their behavior online (Banks & 

Weintraub, 2008; Eslinger et al., 2005; Evers et al., 2007; O'Keeffe et al., 

2007; Salmon et al., 2008), though this has not yet been tested in an emotional 

context. It was expected that FTLD patients would be less accurate than 
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controls when asked to estimate how much emotion they had displayed during 

the emotion suppression task (before they had seen the videotapes of their 

performance). Given that FTLD patients have deficits in gauging emotions 

(Lavenu et al., 1999; Werner et al., 2007) and social appropriateness (Levy et 

al., 1996; Liscic et al., 2007; Liu et al., 2004; Mendez et al., 2006), it was 

expected that their self-evaluations would also be less accurate than the 

controls’ even after seeing the videotapes of their performance. 

 

Self-Focus 

1e. FTLD patients will be more self-focused (i.e., they will look at photographs of 

themselves more than photographs of others) than controls. 

 

Rationale: Over the course of the disease, FTLD patients become more self-

focused and less interested in the lives of other people (Seeley, 2005). 

Although this notion has not been tested empirically, it was hypothesized that 

FTLD patients’ heightened self-focus would be manifest in their looking 

behavior (i.e., they would look at photographs of themselves more than 

photographs of other people). As images of one’s own face are highly familiar 

(Uddin et al., 2005), evoking affective responding (Gobbini & Haxby, 2006; 

Gobbini, Leibenluft, Santiago, & Haxby, 2004) that affects processing 

(Klatzky & Forrest, 1984; Valentine & Bruce, 1986; Young, Hay, McWeeny, 

Flude, & Ellis, 1985), it is important (yet challenging) to find a control face 

with which to compare viewing behavior (Kircher et al., 2001). To ensure that 
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the self-focus that was expected in the FTLD patients could not be explained 

by a general preference for familiar faces, participants’ interest in familiar vs. 

unfamiliar others was also evaluated. No differences between the FTLD 

patients and controls’ interest in familiar (vs. unfamiliar) others were 

expected.  

 

Note: As previous research has not been successful in detecting differences 

between the self-reported experiences of FTLD patients and controls (Sturm et 

al., 2008), no differences were expected between the FTLD patients’ and 

controls’ levels of interest in the photographs of themselves or others. In our 

experience, FTLD patients endorse a wide variety of responses to social and 

emotional queries.  

 

Self-Reflection 

1f. Informants will rate the FTLD patients as currently having lower levels of self-

reflection than controls. 

 

Rationale: Although there is laboratory evidence that FTLD patients have 

diminished self-conscious emotions (Sturm et al., 2008; Sturm et al., 2006), 

no previous studies have evaluated patients’ levels of self-reflection. It was 

expected that FTLD would also impair introspection and, consequently, that 

informants would rate the FTLD patients as currently having lower levels of 

self-reflection than controls. As past research suggests that FTLD patients see 
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themselves as the person that they used to be and do not incorporate changes 

in personality into their self-concept (Rankin et al., 2005), it was expected that 

the FTLD patients and their informants would rate their current self-reflective 

tendencies no differently than controls at the present time. 

 

Insight 

1g. FTLD patients will have significantly less insight into their current levels of 

self-reflection than controls. 

 

Rationale: FTLD patients are remarkable for their lack of insight into even 

dramatic personality changes that the disease incurs (Neary et al., 1998; 

Rankin et al., 2005). Changes in self-reflection, the ability to ponder one’s 

actions and to muse about one’s thoughts and feelings, may go particularly 

unnoticed by FTLD patients. Thus, it was hypothesized that FTLD patients 

would exhibit less insight (i.e., less concordance with their informants’ 

ratings) into their current levels of self-reflection than controls.  

 

2. Brain-Behavior Relationships (Across Diagnoses) 

 

Self-Conscious Emotion 

2a. The right frontal pole, medial orbitofrontal, and rostral anterior cingulate 

cortex will significantly predict participants’ self-conscious emotional 
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behavior while watching themselves sing above and beyond other predictor 

variables (age, education, MMSE, total intracranial volume).  

 

Rationale: Given the known roles of these right hemisphere frontomedian 

structures in self- processing (Northoff & Bermpohl, 2004; Northoff et al., 

2006; Seeley & Sturm, 2006; Uddin et al., 2007), it was expected that they 

would be associated with self-conscious emotional behavior such that loss in 

these regions would be associated with less self-conscious emotional behavior 

while participants watched themselves sing. 

 

2b. The right rostral anterior cingulate will significantly predict participants’ 

physiological responding while watching themselves sing above and beyond 

other predictor variables (age, education, MMSE, total intracranial volume). 

 

Rationale: The rostral anterior cingulate is thought to play an important role in 

affective processes (Bush, Luu, & Posner, 2000) and physiological responding 

via efferent projections to autonomic control centers (Critchley, 2004, 2005; 

Critchley et al., 2003), and activation of the anterior cingulate has been 

positively associated with electrodermal (Critchley, Mathias, & Dolan, 2001; 

Fredrikson et al., 1998) and cardiovascular (Critchley, Corfield, Chandler, 

Mathias, & Dolan, 2000) responding. Thus, it was hypothesized that the right 

rostral anterior cingulate would be significantly predict physiological 

responding while participants watched themselves sing such that smaller 
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rostral anterior cingulate volumes would be associated with a dampened 

physiological response. 

 

2c. The right medial and lateral orbitofrontal cortex will significantly predict 

participants’ levels of self-reported self-conscious emotions while watching 

themselves sing above and beyond other predictor variables (age, education, 

MMSE, total intracranial volume). 

 

Rationale: The orbitofrontal cortex is important for the regulation of social 

behavior (Rolls, 2004). Individuals who have selective orbitofrontal damage 

have been found to report feeling self-conscious emotions that are 

disproportionate to the social context (Beer et al., 2003). Thus, it was expected 

that medial and lateral orbitofrontal loss may be associated with higher levels 

of self-reported self-conscious emotional experience. 

 

Self-Monitoring 

2d. Across diagnoses, the rostral middle frontal gyrus, medial orbitofrontal cortex, 

and right frontal pole will significantly predict (above and beyond other 

predictor variables) the participants’ ability to modify their self-evaluations 

after seeing the videotapes of their performance.  

 

Rationale: While damage to the dorsolateral prefrontal cortex can disrupt 

attention and cognitive flexibility (Miller & Cohen, 2001; Stuss & Levine, 
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2002), orbitofrontal cortex damage has been associated with socially 

inappropriate behavior in individuals with traumatic brain injury (Beer et al., 

2003; Beer et al., 2006) and patients with dementia (Rosen et al., 2005; 

Viskontas et al., 2007). The medial orbitofrontal cortex, in particular, has been 

associated with the capacity to use feedback in ambiguous contexts (Elliott, 

Dolan, & Frith, 2000; Hornak et al., 2004) while the frontal pole is important 

for self-reflection and self-evaluation of one’s behavior (Gusnard et al., 2001; 

Happe, 2003; Kelley et al., 2002; Lane et al., 1997; McGuire et al., 1996; 

Stuss & Levine, 2002; Vogeley et al., 2001). Thus, it was hypothesized that 

the right rostral middle frontal gyrus (which includes dorsolateral prefrontal 

cortex), orbitofrontal cortex, and frontal pole would be positively associated 

with the participants’ ability to self-reflect, use feedback (from the video), and 

modify their self-evaluations of their behavior. 

 

2e. Across diagnoses, the right frontal pole will significantly predict (above and 

beyond other predictor variables) the accuracy of the participants’ self-

evaluations before seeing the videotapes of their performance.  

 

Rationale: The frontal pole is important for self-reflection (Gusnard et al., 

2001; Happe, 2003; Kelley et al., 2002; Lane et al., 1997; McGuire et al., 

1996; Stuss & Levine, 2002; Vogeley et al., 2001) and for the maintenance of 

accurate self-representations (Stuss, 1991b). It was expected that loss in this 

region would be associated with less accurate self-evaluations (of their 
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behavior during the disgust suppress task) before seeing the videotapes of 

their performance.  

 

Self-Focus 

2f. Across diagnoses, the right medial and lateral orbitofrontal cortex and 

amygdala will significantly predict self-focus above and beyond other 

predictor variables (age, education, MMSE, total intracranial volume). 

 

Rationale: Frontal lobe damage has been associated with changes in self 

(Miller et al., 2001), loss of interest in others (Seeley et al., 2005), and 

enhanced self-focus (Beer et al., 2003) while loss in the amygdala has been 

associated with emotional coldness (Seeley et al., 2005). Therefore, it was 

expected that loss in the right medial and lateral orbitofrontal and amygdala 

volumes would significantly predict self-focus such that loss in these regions 

would be associated with greater self-focus. 

  

Self-Reflection 

2g. Across diagnoses, the right frontal pole will significantly predict current levels 

of self-reflection above and beyond other predictor variables (age, education, 

MMSE, total intracranial volume). 

 

Rationale: The frontal pole is important for self-reflection (Gusnard et al., 

2001; Happe, 2003; Kelley et al., 2002; Lane et al., 1997; McGuire et al., 
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1996; Stuss & Levine, 2002; Vogeley et al., 2001). Thus, it was hypothesized 

that loss in this region would be associated with lower levels of self-reflection. 

 

Insight 

2h. Across diagnoses, the right frontal pole will significantly predict levels of 

insight above and beyond other predictor variables (age, education, MMSE, 

total intracranial volume). 

 

Rationale: Deficits in insight have been associated with right frontal lobe loss 

(Miller et al., 2001). The frontal pole is particularly important for self-

reflection (Gusnard et al., 2001; Happe, 2003; Kelley et al., 2002; Lane et al., 

1997; McGuire et al., 1996; Stuss & Levine, 2002; Vogeley et al., 2001), a 

basic process that may promote insight by facilitating self-processing. 

Therefore, it was expected that the frontal pole would significantly predict 

insight such that loss in this region would be associated with lower levels of 

insight. 

 

RESULTS 

 

One-way ANOVAs were used to examine differences between the FTLD patients 

and controls for the self-conscious emotion, self-reflection, and insight tasks. In each 

analysis, the between-groups variable was diagnosis (FTLD patients vs. controls). For the 

self-monitoring and self-focus tasks, mixed-model ANOVAs were used. For these 
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analyses, the between-groups variable was diagnosis (FTLD patients vs. controls), and 

the within-group variables were as described below. Significant group effects were 

followed up with pairwise comparisons. In these cases, Bonferroni corrections were 

applied to protect against error due to multiple comparisons. 

 

Group Comparisons 

 

Self-Conscious Emotion 

 

Facial Behavior  

 A one-way ANOVA found that the FTLD patients displayed significantly less 

self-conscious emotional behavior, F(1, 22) = 5.66, p < .05, ηp
2 = .21. There were no 

differences between the groups in their levels of other negative emotions when examined 

using the negative emotional behavior composite, F(1, 22) = 0.30, n.s., ηp
2 = .01.  

In follow-up analyses of the individual emotion codes, there were no differences 

in levels of anger, F(1, 22) = 0.84, n.s., ηp
2 = .04; confusion, F(1, 22) = 0.80, n.s., ηp

2 = 

.04; contempt, F(1, 22) = 1.20, n.s., ηp
2 = .05; disgust, F(1, 22) = 0.75, n.s., ηp

2 = .03; 

embarrassment, F(1, 22) = 2.28, n.s., ηp
2 = .09; happiness/ amusement, F(1, 22) = 2.11, 

n.s., ηp
2 = .09; or surprise, F(1, 22) = 0.64, n.s., ηp

2 = .03. Neither of the groups displayed 

measurable levels of fear or sadness. See Table 5 for the means and standard deviations 

of the emotional composites and individual emotion codes. 

 

Physiological Responding 
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  A one-way ANOVA found that the FTLD patients and controls showed similar 

levels of physiological responding while watching themselves singing, F(1, 22) = 0.36, 

n.s., ηp
2 = .02, when analyzed using the physiological composite score. There were no 

differences between the patients and controls in their levels of physiological responding 

while they were actually singing, F(1, 22) = 1.25, n.s., ηp
2 = .05. 

A series of exploratory analyses were conducted to determine whether there were 

group differences at the level of the individual channels. In keeping with the results that 

were found using the physiological composite, analyses of individual channels revealed 

no differences in heart rate, F(1, 22) = 0.03, n.s., ηp
2 = .00; finger pulse amplitude, F(1, 

21) = 0.31, n.s., ηp
2 = .01; finger pulse transmission time, F(1, 22) = 0.72, n.s., ηp

2 = .03; 

ear pulse transmission time, F(1, 22) = 0.06, n.s., ηp
2 = .00; systolic blood pressure, F(1, 

17) = 2.46, n.s., ηp
2 = .13; diastolic blood pressure, F(1, 17) = 0.35, n.s., ηp

2 = .02; skin 

conductance, F(1, 22) = 1.62, n.s., ηp
2 = .07; general somatic activity, F(1, 22) = 1.73, 

n.s., ηp
2 = .07; respiration period, F(1, 19) = 0.65, n.s., ηp

2 = .03; respiration depth, F(1, 

19) = 0.50, n.s., ηp
2 = .03; or finger temperature, F(1, 22) = 0.93, n.s., ηp

2 = .04. See 

Table 6 for the means and standard deviations of the physiological composite and the 

individual physiological channels. 

 

Self-Report 

 A one-way ANOVA found that there were no differences between the FTLD 

patients and controls in their levels of self-reported self-conscious, F(1, 21) = 0.74, n.s., 

ηp
2 = .03; negative, F(1, 21) = 0.19, n.s., ηp

2 = .01; or positive, F(1, 21) = 0.34, n.s., ηp
2 = 

.02, emotions.  
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Exploratory analyses were also performed at the level of the individual emotions. 

There were no differences between the FTLD patients and controls in their levels of self-

reported anger, F(1, 21) = 0.00, n.s., ηp
2 = .00; disgust, F(1, 21) = 0.05, n.s., ηp

2 = .00; 

fear, F(1, 21) = 0.97, n.s., ηp
2 = .04; sadness, F(1, 21) = 0.07, n.s., ηp

2 = .00; or surprise, 

F(1, 18) = 0.00, n.s., ηp
2 = .00. See Table 7 for means and standard deviations of the 

negative emotional composite and the individual emotions. 

 

Self-Monitoring 

 

Ability to Modify Self-Evaluation 

A 2 X 2 mixed model repeated measures ANOVA with diagnosis (FTLD, control) 

treated as the between-subjects factor and self-evaluation (before, after viewing the 

videotapes of their performance) treated as the within-subject factor, corrected for 

multiple comparisons, found a significant diagnosis X self-evaluation interaction, F(1, 

21) = 12.42, p < .01, ηp
2 = .37. There were no significant main effects of diagnosis, F(1, 

21) = 0.01, n.s., ηp
2 = .00, or self-evaluation, F(1, 21) = 0.02, n.s., ηp

2 = .00. These results 

indicate that although the FTLD patients and controls did not differ in the degree to 

which they were able to modify their self-evaluations after seeing the videotapes, they 

differed in the direction that their self-evaluations changed (i.e., controls reported less 

emotional behavior while FTLD patients reported more emotional behavior after seeing 

the tapes of their performance). See Figure 1 for estimated marginal means and standard 

errors of each group. 
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Accuracy Between Self-Report and Display of Emotion 

A 2 X 2 mixed model repeated measures ANOVA with diagnosis (FTLD, control) 

treated as the between-subjects factor and accuracy score (before, after seeing the 

videotapes of their performance) treated as the within-subject factor, corrected for 

multiple comparisons, found a significant diagnosis X accuracy score interaction, F(1, 

21) = 12.78, p < .01, ηp
2 = .38. Whereas controls’ self-evaluations were very accurate 

after seeing the videotapes of their performance, the FTLD patients’ self-evaluations 

were not improved with the visual aid. There were no significant main effects of 

diagnosis, F(1, 21) = 0.14, n.s., ηp
2 = .01, or accuracy scores, F(1, 21) = 0.48, n.s., ηp

2 = 

.02. These results indicate that although there were no differences between the overall 

accuracy scores of the FTLD patients and controls, seeing the videotapes of their 

performance improved the self-evaluations of the controls more than the FTLD patients. 

See Figure 2 for estimated marginal means and standard errors of each group. 

 

Self-Focus 

 

Eye-Movements  

A 2 X 2 mixed model repeated measures ANOVA with diagnosis (FTLD, control) 

treated as the between-subjects factor and photograph (average percentage of fixations on 

self, average percentage of fixations on familiar other) was treated as the within-subject 

factor, corrected for multiple comparisons, found a significant diagnosis X photograph 

interaction, F(1, 16) = 4.83, p < .05, ηp
2 = .23. There were no significant main effects of 

diagnosis, F(1, 16) = 1.50, n.s., ηp
2 = .09, or photograph, F(1, 16) = 0.79, n.s., ηp

2 = .05. 
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These results indicate that although the FTLD patients and controls did not differ in how 

much they looked at the photographs of their familiar other, they differed in how much 

they looked at the photographs of themselves (i.e., FTLD patients had a greater 

percentage of fixations than controls on photographs of themselves). See Figure 3 for 

estimated marginal means and standard errors of each group. 

 

Self-Report 

A 2 X 2 mixed model repeated measures ANOVA with diagnosis (FTLD, control) 

treated as the between-subjects factor and preference (prefer photograph of self, prefer 

photograph of familiar other) treated as the within-subject factor, corrected for multiple 

comparisons, found no significant diagnosis X preference interaction, F(1, 15) = 0.18, 

n.s., ηp
2 = .01, and no significant main effect of diagnosis, F(1, 15) = 0.00, n.s., ηp

2 = .00. 

There was a significant main effect of preference, F(1, 15) = 11.98, p < .01., ηp
2 = .44, 

such that most participants (regardless of diagnosis) said they preferred to look at the 

photograph of their familiar other (versus unfamiliar others) more than they preferred to 

look at the photographs of themselves. See Figure 4 for estimated marginal means and 

standard errors of each group.  

 

Self-Reflection 

  

Informants rated the FTLD patients as having significantly lower levels of self-

reflection than the controls, F(1, 24) = 6.12, p < .05, ηp
2 = .20 , now but not in the past, 

F(1, 24) = 0.91, n.s., ηp
2 = .04 . The FTLD patients’ own ratings of their current levels of 
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self-reflection did not differ from those of the controls F(1, 21) = 0.04, n.s., ηp
2 = .00, 

which suggests that the patients viewed their self-reflective tendencies as currently being 

the same as they were before their illness began. See Table 8 for means and standard 

deviations for each group. 

 

Insight 

 

FTLD patients demonstrated significantly less insight (i.e., greater discrepancy 

between the participant and informant descriptions of the participants) than controls into 

their current, F(1, 20) = 9.14, p < .01, ηp
2 = .31, levels of self-reflection. See Table 8 for 

means and standard deviations. 

 

Brain-Behavior Relationships 

 

Brain-behavior relationships were examined using a series of multiple regressions 

across all diagnostic groups. In each regression, a specific regional brain volume was 

designated as the dependent variable in order to determine whether the “self-variable” 

was a significant predictor above and beyond total intracranial volume and other 

variables that may explain a significant portion of the variance (i.e., age, education, 

MMSE). Thus, in the first step of each regression, total intracranial volume was entered 

(to control for individual differences in head size), participants’ age at the time of their 

self evaluation, their years of education, and their MMSE scores were entered. In the 
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second step, the “self- variable” of interest was entered. Thus, a total of eleven separate 

regression analyses were run for each self-representation variable. 

 

Self-Conscious Emotion 

 

Facial Behavior 

 There were no significant predictors of self-conscious emotional behavior. 

 

Physiological Responding 

The right rostral anterior cingulate predicted physiological responding while 

participants watched themselves singing above and beyond the other predictor variables 

(standardized β = .51, R2 change = .21, p < .05, n = 32). This region did not significantly 

predict physiological responding during the singing task itself (standardized β = .13, R2 

change = .01, n.s., n = 32). 

 

Self-Report 

 The right frontal pole (standardized β = -.41, R2 change = .15, p < .05, n = 31), 

right medial orbitofrontal cortex (standardized β = -.43, R2 change = .15, p < .05, n = 31), 

and right lateral orbitofrontal cortex (standardized β = -.42, R2 change = .10, p < .05, n = 

31) significantly predicted self-conscious feelings (i.e., embarrassment) above and 

beyond the other predictor variables.   

These regions did not predict feelings negative or positive emotions when 

evaluated with the composite scores. 
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Self-Monitoring 

 

Ability to Modify Self-Evaluation 

The right frontal pole (standardized β = .39, R2 change = .15, p < .01, n = 35), 

right medial orbitofrontal cortex (standardized β = .46, R2 change = .19, p < .01, n = 35), 

and right rostral middle frontal (standardized β = .44, R2 change = .15, p < .05, n = 35) 

significantly predicted the participants’ ability to modify their self-evaluations after 

seeing the videotapes of their performance (i.e., self-evaluation before seeing the video 

minus self-evaluation after seeing the video).  

 

Accuracy Between Self-Report and Display of Emotion 

The right frontal pole (standardized β = -.32, R2 change = .10, p < .05, n = 35) 

significantly predicted participants’ accuracy scores before but not after (standardized β = 

-.03, R2 change = -.01, n.s., n = 35) seeing the videotapes.  

 

Self-Focus 

 

Eye-Movements 

 The right superior frontal gyrus (standardized β = -.52, R2 change = .19, p < .05, n 

= 22) and right amygdala (standardized β = -.64, R2 change = .20, p < .05, n = 22) 

significantly predicted the mean percentage of fixations that participants spent on the 

photographs of themselves. Two follow-up regressions were run on the mean percentage 

 58



of fixations that participants looked at their familiar others, and these regions still 

significantly predicting looking behavior. The right superior frontal gyrus (standardized β 

= .59, R2 change = .24, p < .05, n = 21) and right amygdala (standardized β = .77, R2 

change = .26, p < .05, n = 21) significantly predicted the mean percentage of fixations 

that participants spent on the photographs of their familiar others. 

 

Self-Report 

 There were no significant predictors of self-reported self-focus. 

 

Self-Reflection 

  

No regions were significant predictors of current levels of self-reflection. 

 

 

Insight 

 

No regions were significant predictors of insight. 

 

Summary of Results 

 

See Table 9 for a summary of all of the results of the present study. 

 

Group Comparisons 

 59



 

Self-Conscious Emotion 

As expected, FTLD patients exhibited less self-conscious emotional behavior than 

controls while watching themselves sing (Hypothesis 1a), and FTLD patients exhibited 

similar levels of negative emotional behavior as controls (Hypothesis 1a). Contrary to 

expectation, there were no differences between the FTLD patients and controls in their 

levels of physiological responding while watching themselves sing (Hypothesis 1b). As 

anticipated, no differences were found between the FTLD patients’ and controls’ levels 

of self-reported self-conscious emotional experience. 

 

Self-Monitoring 

Contrary to expectations, FTLD patients did not modify their self-evaluations (i.e., 

of their facial behavior during the emotion suppression task) less than controls after 

seeing the videotapes of their performance (Hypothesis 1c). However, as expected, FTLD 

patients were less accurate in their self-evaluations both before and after seeing the 

videotapes (Hypothesis 1d). The FTLD patients underestimated the amount of emotion 

they displayed before having seen the videotapes and overestimated the amount of 

emotion they displayed after seeing the videotapes. The controls’ self-evaluations became 

very accurate after seeing the videotapes.  

 

Self-Focus 

 As hypothesized, FTLD patients were more self-focused (i.e., greater percentage 

of fixations on photographs of themselves) than controls (Hypothesis 1e). As expected, 
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there were no differences between the groups in the degree to which they focused on their 

familiar others, and there were no differences in their self-reported interest in self or 

others.  

 

Self-Reflection 

 As hypothesized, informants rated the FTLD patients as having significantly 

lower levels of self-reflection than controls now (Hypothesis 1f) but not in the past. As 

expected, there were no differences between current levels of self-reflection of the FTLD 

patients and controls.  

 

Insight 

As expected, the FTLD patients demonstrated less insight than the controls into 

their current levels of self-reflection (Hypothesis 1g). 

 

Brain-Behavior Relationships 

 

Self-Conscious Emotion 

In terms of brain-behavior relationships, contrary to expectations the right frontal 

pole, medial orbitofrontal, and rostral anterior cingulate cortex did not significantly 

predict levels of self-conscious emotional behavior above and beyond the other predictor 

variables (Hypothesis 2a). As hypothesized, the right rostral anterior cingulate was a 

significant predictor of physiological responding while the participants watched 

themselves singing (Hypothesis 2b). The relationship was positive, such that smaller 

 61



rostral anterior cingulate volumes were associated with less physiological responding. In 

terms of self-reported experience, the right medial and lateral orbitofrontal cortex 

significantly predicted self-reported levels of self-conscious emotions as predicted 

(Hypothesis 2c), and the frontal pole also emerged as a significant predictor. The 

association between self-reported self-conscious experience and the lateral orbitofrontal 

cortex, medial orbitofrontal cortex, and frontal pole was negative, such that smaller right 

frontal lobe volumes were associated with greater self-reported feelings of self-conscious 

emotions. 

 

Self-Monitoring 

As predicted, the right rostral middle frontal gyrus, medial orbitofrontal cortex, 

and frontal pole significantly predicted the degree to which participants were able to 

modify their self-evaluations after they had seen the videotapes of their performance 

(Hypothesis 2d). Also in line with predictions, the right frontal pole significantly 

predicted the accuracy of the participants’ self-evaluations before they had seen the 

videotapes (Hypothesis 2e).  

 

Self-Focus 

Across diagnoses, the right superior frontal gyrus and right amygdala significantly 

predicted self-focus (Hypothesis 2f) such that loss in these regions was associated with 

greater self-focus. Follow-up analyses revealed that these regions were also significant 

predictors of focus on familiar others such that loss in these regions was associated with 

less focus on familiar others. Contrary to expectations, the right orbitofrontal cortex was 
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not significant predictor of self-focus above and beyond other predictor variables 

(Hypothesis 2f).  

 

Self-Reflection 

Contrary to expectations, the frontal pole did not significantly predict insight 

above and beyond other predictor variables (Hypothesis 2g).  

 

Insight 

Contrary to expectations, the frontal pole did not significantly predict insight 

above and beyond other predictor variables (Hypothesis 2h).  

 

DISCUSSION 

 

 FTLD is a disease that takes a dramatic toll on patients’ relations with others and 

awareness of self (Levy et al., 1996; Liscic et al., 2007; Liu et al., 2004; Mendez et al., 

2006). While a substantial body of work has documented that FTLD patients have 

widespread impairment in their comprehension of other people (e.g., Lavenu et al., 1999; 

Lough & Hodges, 2002; Rosen et al., 2004; Snowden et al., 2003), self-representations 

also appear to be disrupted in this disease (Levenson & Miller, 2007). Whereas early 

work in this area documented dramatic changes in longstanding aspects of FTLD 

patients’ identity (Miller et al., 2001), more recent investigations have honed in on 

potential mechanisms that may underlie the self-related changes that occur in this disease 

(e.g., Banks & Weintraub, 2008; O'Keeffe et al., 2007; Rankin et al., 2005). 
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 In the present study, five types of self-representations were evaluated (self-

conscious emotion, self-monitoring, self-focus, self-reflection, and insight) in individuals 

with and without neurodegeneration. A two-pronged data analysis approach enabled both 

a detailed analysis of self-representations in FTLD and a broader investigation of the 

neural correlates of self-representations across diagnoses. Behavioral (emotional facial 

expressions and eye movements), physiological, experiential, and neural data were 

collected on each of the participants. Not only did group differences emerge between the 

FTLD patients and controls in various aspects of self-representations, but the present 

study shed some light on the neural correlates of self-representations. 

 

Altered Self-Representations in FTLD 

 

 Self-representations are complex and multi-dimensional. The present study sought 

to determine how neurodegeneration of the frontal and temporal lobes (in the context of 

FTLD) may impact various self-related domains. The results indicate widespread changes 

in self-representations in FTLD. Although self-conscious emotion, self-monitoring, self-

reflection, and insight were diminished in this disease, self-focus was enhanced for the 

FTLD patients.  

 

Self-Conscious Emotion 

 

The present study replicated past findings of diminished self-conscious emotional 

behavior in FTLD (Sturm et al., 2008; Sturm et al., 2006). Consistent with past work, no 
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differences were found between the FTLD patients’ and controls’ self-reported emotional 

experiences during an embarrassing task (i.e., watching themselves sing). In contrast to 

past work, however, the present study did not detect a significant difference between the 

groups’ levels of physiological responding. It is unclear why a significant difference 

between the groups’ physiological responding did not emerge in the present study but 

may be due to the relatively small sample size in the present study. As self-conscious 

emotions require higher-order processing of self in relation to others (Lewis, 1995; 

Tangney, 1999), these findings offer further evidence that FTLD is a disease that 

selectively impairs the ability to integrate self into a social context and thereby generate 

an appropriate self-conscious emotional response. 

 

Self-Monitoring 

 

In the present study, FTLD patients were found to be poorer self-monitors than 

controls. FTLD patients and controls were asked to estimate the amount of emotional 

behavior they thought they had displayed while watching a disgusting film clip before 

and after viewing videotapes of their performance. While the controls’ self-evaluations 

became much more accurate (i.e., more concordance between their self-evaluations of 

their emotional behavior and their actual levels of coded emotional behavior) after 

viewing the videotapes of their performance, the accuracy of the FTLD patients’ self-

evaluations did not improve even after seeing their performance. The inaccuracy of the 

FTLD patients was not due to the fact that their self-evaluations did not change after 

seeing the videotapes as they modified their self-evaluations as much as the controls. 
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These findings are consistent with past work that has found that FTLD patients are poor 

at self-monitoring across various contexts. For example, FTLD patients do not fare well 

when asked to evaluate their performance on cognitive and social tasks (Banks & 

Weintraub, 2008; Eslinger et al., 2005; Evers et al., 2007; O'Keeffe et al., 2007; Salmon 

et al., 2008). Although emotional changes are often dramatic in FTLD, no previous 

studies have investigated the ability of FTLD patients to self-monitor their own emotional 

behavior. An impaired ability to self-monitor one’s emotional expressions may have 

significant social repercussions and underlie some of the unusual behaviors seen in this 

disease. 

 

Self-Focus 

 

In the present study, FTLD patients were found to be more self-focused than 

controls. Eye-tracking methodology was used to quantify FTLD patients’ and controls’ 

looking behavior as they viewed photographs of themselves, familiar others, and 

unfamiliar others. As hypothesized, FTLD patients looked at the photographs of 

themselves more than controls. They did not differ from controls in how much they 

looked at the photographs of their familiar others. There were no differences between the 

groups in their self-reported looking preference. Across diagnoses, participants reported 

that they preferred to look at the photographs of their familiar others more than the 

photographs of themselves. The eye gaze findings are consistent with clinical 

descriptions of FTLD patients, which often characterize them as increasingly self-

focused, unaffected by the needs and feelings of others (Levy et al., 1996; Liscic et al., 
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2007; Liu et al., 2004; Mendez et al., 2006). As FTLD patients’ comprehension of the 

social world wanes, it is likely that the needs and desires of the self take on greater 

salience. This enhanced self-focus, which had not been previously quantified in FTLD, 

likely plays a role in the patients’ social missteps and unusual social exchanges as they 

may prioritize themselves above others. 

 

Self-Reflection 

 

 The present study found FTLD patients to currently have lower levels of self-

reflection than controls (as rated by their informants) now but not in the past. To assess 

this domain, FTLD patients completed a questionnaire that quantified their current levels 

of self-reflection. Informants also rated the self-reflective tendencies of the patients in the 

present day and in the years before their illness. FTLD is a disease that affects patients’ 

ability to think objectively about themselves (e.g., their identity, actions, and 

relationships with others), which suggests that patients may also be lacking in self-

reflection. The FTLD patients, however, reported current levels of self-reflection that did 

not differ from the controls. Self-reflection, the ability to disengage from the external 

world and to focus attention inward on oneself, promotes prosocial behavior and social 

norm adherence (Bersoff, 1999; Diener & Wallblom, 1976; Heine et al., 2008). A decline 

in self-reflection may render FTLD patients less inclined to consider the appropriateness 

of their behavior and the significance of their actions, and thus, may be associated with 

the unusual interactions that are common in FTLD.  
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Insight 

 

 In the present study, FTLD patients were found to exhibit significantly less 

insight into their current levels of self-reflection (i.e., less patient-informant concordance) 

than controls. FTLD patients’ insight into their current levels of self-reflection was 

evaluated by examining the rate of concordance between patient and informant reports. 

These findings are consistent with the clinical descriptions of FTLD. Lack of insight is a 

prominent feature in FTLD (Neary et al., 1998), and patients do not recognize even 

drastic changes that occur in their personality and behavior (Rankin et al., 2005). These 

findings suggest that the insight deficits that have been documented in FTLD may be 

expanded to include the domain of self-reflection. As intact insight depends on the ability 

to update one’s self-concept when new information about oneself is acquired, it appears 

that FTLD patients are unable to update their self-representations in this domain as well.  

 

 Neural Correlates of Self-Representations 

 

 Neural loss in the frontal and temporal lobes has long been associated with 

disruptions in social comportment (e.g., Harlow, 1848; Kluver & Bucy, 1938). In the 

present study, looking across diagnoses in a highly variable sample enabled detection of 

three medial right hemisphere regions that are particularly important to self-

representations: (1) rostral anterior cingulate, (2) frontal pole, and (3) amygdala. These 

regions are richly connected (Cavada, Company, Tejedor, Cruz-Rizzolo, & Reinoso-

Suarez, 2000; Floyd, Price, Ferry, Keay, & Bandler, 2000; Mesulam & Mufson, 1982; 
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Yasui, Breder, Saper, & Cechetto, 1991) with known roles in emotion (Dolan & 

Vuilleumier, 2003; Hadland, Rushworth, Gaffan, & Passingham, 2003; Hornak et al., 

2003; Phelps & LeDoux, 2005; Stuss & Levine, 2002). 

 

Rostral Anterior Cingulate 

 

In the present study, the right rostral anterior cingulate significantly predicted 

physiological responding while participants watched themselves singing above and 

beyond other predictor variables (i.e., total intracranial volume, age, education, and 

MMSE). The relationship between physiological responding and the rostral anterior 

cingulate was positive, such that loss in this region was associated with a dampened 

physiological response. These findings are consistent with the prominent role of the 

rostral anterior cingulate in autonomic nervous system responding (Craig, 2002, 2003; 

Critchley, 2004, 2005; Critchley et al., 2003) and error-detection (Carter et al., 1998; 

Gehring & Knight, 2000). It is likely that watching oneself sing highlights the self’s 

failures to meet salient social standards and recruits the anterior cingulate when 

generating an associated physiological response. Loss in this region, therefore, is 

associated with dampened physiological responding that may arise from diminished top-

down processing of self and its social context. 

 

Frontal Pole 
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Self-monitoring is the ability to track one’s behavior online with accuracy. In the 

present study, the right frontal pole significantly predicted self-monitoring (i.e., the 

accuracy with which participants gauged their emotional behavior without visual aids), 

above and beyond other predictor variables. The relationship between the frontal pole and 

self-monitoring was positive (i.e., smaller frontal pole volumes were associated with 

poorer self-monitoring). Through intimate connections with limbic regions (Barbas, 

2000; Elliott et al., 2000), the frontal pole plays an important role in the most “human” of 

abilities (Gusnard et al., 2001; Happe, 2003; Kelley et al., 2002; Lane et al., 1997; 

McGuire et al., 1996; Stuss & Levine, 2002; Vogeley et al., 2001) including real-time 

awareness of emotions and behavior. As self-monitoring enables tracking of behavior 

online and alterations in behavior to be made swiftly, it has an important role in intact 

social functioning (Duval & Wicklund, 1972), and damage to this region may interfere 

with the interpersonal functioning. 

 

Amygdala 

 

In the present study, the right amygdala significantly predicted self-focus above 

and beyond other predictor variables. The relationship was negative, such that smaller 

amygdala volumes were associated with higher levels of self-focus. A follow-up analysis 

revealed that the right amygdala also significantly predicted levels of focus on familiar 

others, but in this case the relationship between these variables was positive (i.e., smaller 

amygdala volumes, less focus on familiar others). Taken together, these findings indicate 

that smaller amygdala volumes were associated with more focus on self and less focus on 
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familiar others. The right amygdala has been implicated in various aspects of social and 

emotional processing (Adolphs, 2003; Adolphs & Tranel, 2003; Bechara, Damasio, 

Damasio, & Lee, 1999; Davidson, 2002; Davis & Whalen, 2001; Dolan & Vuilleumier, 

2003; Stone, Baron-Cohen, Calder, Keane, & Young, 2003; Tranel & Hyman, 1990; 

Zald, 2003), and the present study offers new evidence for its important role in the 

interest that individuals exhibit in themselves and in others that they know well. Loss in 

the amygdala, therefore, may be associated with enhanced salience of self and diminished 

salience of friends and family, a pattern that would likely impact social preferences. 

 

Secondary Findings 

 

While the primary findings in this study supported the important role of medial 

right hemisphere regions (i.e., rostral anterior cingulate, frontal pole, amygdala) in self-

representations, three secondary findings also merit mention. First, multiple right 

hemisphere regions (i.e., frontal pole, medial orbitofrontal cortex, lateral orbitofrontal 

cortex) were negatively associated with levels of self-reported self-conscious emotional 

experience. Although this finding is somewhat difficult to interpret, it may suggest that 

right frontal lobe loss is associated with a general disinhibition of self-conscious 

emotional experience, a notion that is consistent with past work in patients with acquired 

orbitofrontal damage (Beer et al., 2003). Second, as predicted, the right rostral middle 

frontal gyrus, medial orbitofrontal cortex, and frontal pole significantly predicted the 

degree to which participants were able to modify their self-evaluations after they had 

seen the videotapes of their performance. Consistent with the role of these regions in 
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behavioral and cognitive flexibility (Knight et al., 1995; Miller & Cohen, 2001; Milner, 

1982; Shimamura, 2000), loss in these regions was associated with less modification of 

participants’ self-evaluations after seeing the tapes. Third, the right superior frontal gyrus 

(in addition to the right amygdala) was a significant predictor of self-focus, and the 

relationship was negative such that loss in this region was associated with greater self-

focus. The superior frontal gyrus has been associated with self-related processes such as 

self-reflection (Goldberg, Harel, & Malach, 2006), and this finding suggests it may also 

play an important role in self-focus. 

 

Implications 

 

 FTLD is a disease in which social behavior dramatically declines (Boxer & 

Miller, 2005; Viskontas et al., 2007) while much of cognitive functioning remains intact 

(Witternberg et al., 2008). FTLD patients lose their ability to read others’ emotions and 

perspectives (Fernandez-Duque & Black, 2005; Gregory et al., 2002; Keane et al., 2002; 

Lavenu et al., 1999; Lough & Hodges, 2002; Lough et al., 2006; Snowden et al., 2003; 

Werner et al., 2007) and behave in ways that violate social convention (Levy et al., 1996; 

Liscic et al., 2007; Liu et al., 2004; Mendez et al., 2006). Family members and caregivers 

of FTLD patients often note that their loved ones have become more self-focused, 

prioritizing their own wants and needs while failing to see those of the people around 

them (Miller et al., 2001). Although increasing attention is now being paid to the social 

and emotional changes that occur in FTLD, the majority of past research focused on 

patients’ impaired comprehension of others and largely neglected the dramatic changes 
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that occur in patients’ awareness of themselves. Although understanding others’ mental 

states is essential for normal social interactions, healthy interpersonal functioning also 

depends on intact self-processing. For example, excessive self-focus or poor self-

monitoring will likely result in behavior that defies social norms regardless of how adept 

one is at reading the social cues of others.  

The mechanisms that underlie the social and emotional deterioration in FTLD are 

not well understood. The results of the present study indicate widespread changes in self-

representations in FTLD, including alterations in self-conscious emotion, self-

monitoring, self-reflection, self-focus, and insight. These findings suggest that changes in 

self-representations are an important component of this disease and warrant a more 

central focus in the study of FTLD. Because FTLD is often misdiagnosed early in the 

disease course (Mendez, Selwood, Mastri, & Frey, 1993; Pasquier, Lebert, Lavenu, & 

Guillaume, 1999), an improved understanding of the mechanisms that go awry in this 

disease will ultimately serve to better its diagnosis and treatment. More detailed inquiry 

by clinicians into the self-related changes that characterize this disease may aid with 

differential diagnosis because other forms of dementia do not appear to incur the same 

degree of self-disruption as FTLD. As advancements are made in treatment options for 

FTLD, early and accurate diagnosis will become increasingly important. Accurate 

diagnoses will direct clinicians towards the most effective interventions, which in turn ill 

have profound implications for patients’ long-term clinical course and prognosis. 

Although progress has been made in the investigation of self-representations in FTLD, 

many unanswered questions remain. Other forms of self-representations (e.g., attitudes 

towards self, phenomenology of the physiological and emotional states of self) remain to 
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be studied in this population. Because self-representations are numerous and varied, it 

might be expected that disruption of each self-domain may have singular consequences 

on patients’ social or emotional behavior. 

Investigation of the neural correlates of self is currently in its infancy. The self is 

comprised by multiple types of self-representations that likely depend on neural networks 

that are largely (yet not entirely) overlapping. Accumulating evidence suggests that 

frontomedian networks subserve various aspects of self-processing (Northoff & 

Bermpohl, 2004; Northoff et al., 2006; Seeley & Sturm, 2006; Uddin et al., 2007). 

Consistent with this past work, in the present study three medial right hemisphere regions 

emerged as being especially important for self-representations across diagnoses: the 

rostral anterior cingulate, frontal pole, and amygdala. These regions all play important 

roles in emotion and are especially vulnerable in FTLD (Rosen et al., 2002; Schroeter et 

al., 2008; Seeley et al., 2008). Thus, it is likely that loss in these regions may also be 

associated with the changes that occur in self-conscious emotion, self-monitoring, and 

self-focus in FTLD. Future work examining the relationships between patterns of brain 

loss and changes in specific self-representations in FTLD patients should shed light on 

the neural mechanisms that underlie the distinct clinical phenotypes of this disease. By 

studying the impact that neurodegenerative diseases have on self-representations, not 

only will we increase our knowledge of self-representations in each disease but we will 

also refine our understanding of the architecture of the self in the healthy brain.  

 

Strengths and Limitations 
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The present study offered a broad investigation of self-representations, both in 

terms of how these are affected in FTLD and how they relate to neural structures in the 

brain. The study had several strengths including its use of multiple methods and using 

several different neurodegenerative patient populations. Unlike past research, the present 

study investigated multiple domains of self-representations that have received relatively 

little attention in the context of FTLD. As self-representations play an important role in 

social behavior, they are particularly important to evaluate in FTLD. The present study 

used two data analytic strategies (i.e., ANCOVA and multiple regression) to explore the 

nature of self-representations both in FTLD and the brain (across diagnoses). Looking 

across diagnoses in a highly variable sample enabled brain-behavior associations to 

emerge, adding to what is known about brain regions that are important to specific types 

of self-representations. 

Several limitations of the present study should also be taken into consideration. 

First, the present study assumed that self-representations as we measured them in the 

laboratory capture processes that are important for normal social functioning. Future 

studies that directly evaluate the relationships between laboratory assessments of self-

representations and real-world social behaviors would be important. For example, it 

would be important to determine whether FTLD patients are deficient in their ability to 

understand other’s perspectives and emotions secondary to increased self-focus in social 

situations. Second, the present study assessed brain-behavior relationships with multiple 

regressions that were run across individuals with and without neurodegenerative diseases. 

In the present study, the associations between self-representations and eleven a priori 

right hemisphere brain regions were explored. Although these regions were chosen 
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because of their known roles in self-related processes and emotion, this approach may 

have neglected to find other brain regions that play important roles in self-representations 

(e.g., insula). A technique such as voxel-based morphometry would enable a more 

detailed investigation of all brain regions to ensure that no areas important to self-

representations went undetected. Third, the present study examined self-representations 

in FTLD as a whole and did not compare self-representations among the different clinical 

subtypes (FTD, SD, NFPA). Given the substantial heterogeneity in the clinical 

presentations and patterns of brain atrophy among the FTLD subtypes, it is possible that 

divergent patterns of preservation and loss would emerge in the subtypes’ self-

representations. For example, while one group (e.g., FTD) may exhibit increased self-

focus and decreased self-conscious emotion, another (e.g., NFPA) may exhibit increased 

self-focus and preserved (or even heightened) self-conscious emotion, patterns that would 

result in very different clinical pictures. 

Future work that evaluated the relationships among self-conscious emotion, self-

monitoring, self-focus, self-reflections, and insight in each of the FTLD subtypes would 

be important in order to understand how these domains interact to form the distinct the 

clinical profiles of each patient group.  

 

Conclusion 

 

 FTLD patients have marked difficulties understanding and navigating the social 

world. While past work has focused on the ability of patients to process other people’s 

emotions (Fernandez-Duque & Black, 2005; Keane et al., 2002; Lavenu et al., 1999; 
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Werner et al., 2007) and perspectives (Eslinger et al., 2007; Gregory et al., 2002; Lough 

et al., 2006; Snowden et al., 2003), the present study focused on the ability of patients to 

processing information relevant to the self. Multiple domains of altered functioning were 

found, with FTLD patients deficient in self-conscious emotional responding, self-

monitoring, self-reflection, and insight, as well as having higher levels of self-focus, than 

controls. In terms of associated brain structures, the present study found that medial right 

hemisphere regions that are especially vulnerable in FTLD (i.e., rostral anterior cingulate, 

frontal pole, amygdala) were particularly important for self-representations. This study, 

in providing a more detailed understanding of the self-representational changes in FTLD 

and their neural correlates may help to improve diagnosis and treatment planning for 

these patients. 
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Table 1 
 
Domains of Self-Representations and Their Underlying Affective and Cognitive 

Mechanisms (each is evaluated in the present study): + indicates the mechanism is 

present in the self-domain; - indicates the mechanism is absent in the self-domain.  

 
 

 
 

Affective 
Mechanism 
__________ 

 
Cognitive 

Mechanisms 
______________________________________ 

  
Emotion 

 
Simple 

attention to 
self 

 
Elaborate 

processing of 
self 

 
Updating 
of self-
concept 

 

Self-conscious emotion + + + - 

Self-monitoring + + + + 
Self-focus - + - - 
Self-reflection - + + - 
Insight - + + + 
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Table 2 
 
Participant Demographics (mean age, years of education, MMSE, and CDR scores for 

each participant group). 

  
Mean 

____________________________ 

 
Standard Deviation 

______________________________ 
  

Control 
 

FTLD 
 

AD 
 

CBD/ 
PSP 

 

 
Control 

 
FTLD 

 
AD 

 
CBD/ 
PSP 

Age 67.52 64.42 62.76 66.00 5.61 6.25 9.15 5.26 
Education 17.75 16.00 14.83 16.92 1.96 2.55 4.03 9.34 

MMSE 29.56 25.15 21.00 21.75 0.52 4.74 5.83 7.44 

CDR 0.00 0.77 1.08 0.96 0.00 0.48 0.53 
 

0.81 
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Table 3 
 
Task Completion (breakdown by task and diagnosis; n = number of participants in each 

diagnosis who completed each task; % = percentage of participants in each diagnosis 

who completed each task). 

 

 

  
Diagnosis 

 
 

Control 
__________ 

 
FTLD 

__________ 

 
AD 

__________ 

 
CBD/ PSP 

__________  

n % n % n % n % 

Self-conscious emotion 12 100 13 100 17 90 8 67 

Self-monitoring  12 100 11 85 19 100 12 100 

Self-focus 11 92 8 62 12 63 6 50 

Self-reflection 12 100 11 85 15 79 10 83 

Insight 11 92 11 85 15 79 9 75 
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Table 4 
 
Study Predictions (by task and analysis). 
 
 
   

Group 
Comparisons 

(FTLD vs. 
Control) 

___________ 

 
Brain-Behavior 
Relationships 

(expected right-
hemisphere predictors) 
__________________ 

Self-conscious 
emotional 
behavior 

FTLD < 
Control 
 

• Frontal pole Self-conscious 
emotion • Medial orbitofrontal 

•  Rostral anterior 
cingulate 

Physiological 
responding  

FTLD < 
Control 

• Rostral anterior 
cingulate 

Self-reported self-
conscious 
experience 

No 
prediction 

• Medial orbitofrontal 
cortex 

• Lateral orbitofrontal 
cortex 

Ability to modify 
self-evaluation 
 

FTLD < 
Control 

• Rostral middle frontal 
gyrus 

Self-monitoring 

• Medial orbitofrontal 
cortex 

• Frontal pole 

Accuracy between 
self-report and 
display of emotion

FTLD < 
Control 

• Frontal pole 

Self-focus Level of self-
focus 
 

FTLD > 
Control 

• Medial orbitofrontal 
cortex 

• Lateral orbitofrontal 
cortex 

• Amygdala 

Self-reflection Total self-
reflection 

FTLD < 
Control 

• Frontal pole 

Insight Total insight FTLD < 
Control 

• Frontal pole 
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Table 5 
 
Group Means of Self-Conscious and Negative Emotional Behaviors While Participants 

Watched Themselves Singing (* = significant difference at p< .05). 

  
Mean 

__________________________ 

 
Standard Deviation 

_________________________ 
  

Control 
 

 
Control 

 
FTLD FTLD 

Self-conscious 
emotional composite* 0.53 0.18 0.41 0.30 

Embarrassment 0.31 0.06 0.56 0.19 
Happiness/ 
amusement 0.74 0.31 0.85 0.60 

     
Negative emotional 
composite 0.01 0.01 0.01 0.03 

Anger 0.00 0.00 0.00 0.01 

Confusion 0.00 0.06 0.01 0.19 

Contempt 0.00 0.00 0.02 0.00 

Disgust 0.03 0.01 0.01 0.02 

Fear 0.00 0.00 0.00 0.00 

Sadness 0.00 0.00 0.00 0.00 

 
Surprise 0.00 0.01 0.01 0.03 
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Table 6 
 
Group Means of Physiological Responding While Participants Watched Themselves 

Singing. 

 
  

Mean 
__________________ 

 
Standard Deviation 

___________________ 
  

Control 
 

FTLD 
 

Control 
 

FTLD 
 

Standardized physiological 
composite score 
(corrected for baseline) 

-0.06 -0.15 0.31 0.38 

     
Non-standardized individual 
physiological measures  
(not corrected for baseline) 

    

Cardiac inter-beat interval 
(msec) -0.99 -0.16 0.93 0.82 

Finger pulse amplitude (units) -0.15 0.11 1.45 0.75 
Finger pulse transit time 
(msec) -0.35 -0.03 0.83 0.96 

Ear pulse transit time (msec) -0.07 0.00 0.48 0.94 
Systolic blood pressure 
(mmHg) -0.57 0.25 1.41 0.84 

Diastolic blood pressure 
(mmHg) 0.03 -0.18 0.75 0.78 

Skin conductance (µmhos) 0.25 -0.11 0.69 0.66 
General somatic activity 
(units) 0.40 -0.27 1.40 1.09 

Respiration period (msec) 0.17 -0.26 1.19 1.23 
Respiration depth (units) -0.06 -0.41 0.82 1.37 
Finger temperature (degrees 
Fahrenheit)  -0.13 -0.50 1.18 0.67 
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Table 7 
 
Group Means of Self-Reported Emotional Experience While Participants Watched 

Themselves Singing. 

  
Mean 

_________________ 

 
Standard Deviation 

___________________ 
   

FTLD 
 

 
Control 

 
Control FTLD 

Self-reported self-conscious emotion     
Embarrassment 1.00 0.75 0.63 0.75 

     
Self-reported negative emotion (composite) 0.18 0.25 0.37 0.38 

Anger 0.09 0.83 0.30 0.29 
Disgust 0.36 0.42 0.50 0.67 
Fear 0.09 0.25 0.30 0.45 
Sadness 0.18 0.25 0.60 0.62 

     
Self-reported positive emotion     

Happiness/Amusement 1.18 
 

1.00 0.87 0.60 
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Table 8 
 
Means and Standard Deviations for Self-Reflection and Insight Scores (* = significant 

difference at p< .05). 

  
Mean 

___________________ 

 
Standard Deviation 

__________________ 
  

Control 
 

FTLD 
 

Control 
 

FTLD 
 

Self-reflection     
Participant on participant now 17.67 18.00 2.31 5.44 
Informant on participant in the past 15.36 17.27 2.73 6.18 
Informant on participant now* 15.73 12.53 2.69 3.61 

 

     
Insight* 5.55 10.36 3.01 4.34 
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Table 9 
 
Results Summary (* = predicted result at p < .05). 
 
   

Group 
Comparisons 

(FTLD vs. 
Control) 

___________ 

 
Brain-Behavior 
Relationships 

(expected right-
hemisphere predictors) 
___________________ 

Self-conscious 
emotional behavior 

* FTLD < 
Control 
 

• No significant 
predictors 

Physiological 
responding  

Self-conscious 
emotion 

FTLD = 
Control 

• * Rostral anterior 
cingulate 

Self-reported self-
conscious experience

No 
prediction 

• * Medial orbitofrontal 
cortex 

• * Lateral orbitofrontal 
cortex 

• Frontal pole 

Ability to modify 
self-evaluation 
 

FTLD = 
Control 

• * Rostral middle 
frontal gyrus 

• * Medial orbitofrontal 
cortex 

• * Frontal pole 

Self-monitoring 

Accuracy between 
self-report and 
display of emotion 

* FTLD < 
Control 

• * Frontal pole 

Self-focus Level of self-focus * FTLD > 
Control 

• Medial orbitofrontal 
cortex  

• Lateral orbitofrontal 
cortex 

• * Amygdala 

Self-reflection Total self-reflection * FTLD < 
Control 

• No significant 
predictors  

Insight Total insight * FTLD < 
Control 

• No significant 
predictors 
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Figure 1. Self-evaluations of emotional behavior (before and after viewing the 

videotapes). Estimated marginal means and standard errors of participants’ self-

evaluation before (controls: M = 2.00, SE = 0.30; FTLD patients: M = 1.27, SE = 0.31) 

and after (controls: M = 1.33, SE = 0.36; FTLD patients: M = 2.00, SE = 0.38) seeing the 

videotapes of their performance. 
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Figure 2. Self-monitoring accuracy scores (before and after viewing the videotapes). 

Estimated marginal means and standard errors of participants’ accuracy scores before 

(controls: M = -0.37, SE = 0.34; FTLD patients: M = 0.34, SE = 0.35) and after (controls: 

M = 0.07, SE = 0.30; FTLD patients: M = -0.32, SE = 0.31) seeing the videotapes of their 

performance. 
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Figure 3. Self-focus and focus on familiar other. Estimated marginal means and standard 

errors of participants’ mean percentage of fixations on self (controls: M = 36.35, SE = 

2.20; FTLD patients: M = 44.60, SE = 2.46) and familiar other (controls: M = 44.03, SE = 

2.30; FTLD patients: M = 41.34, SE = 2.57). 
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Figure 4. Self-reported interest in photographs of self and familiar other. Estimated 

marginal means and standard errors of participants’ mean self-reported interest in self 

(controls: M = 0.53, SE = 0.12; FTLD patients: M = 0.57, SE = 0.14) and familiar other 

(controls: M = 0.90, SE = 0.07; FTLD patients: M = 0.86, SE = 0.09). 
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