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Abstract

This study investigated the relationship between spatial vision impairments and face recognition in Alzheimer's disease. Hierarchical visual processing impairments were evaluated and compared to the ability to recognize famous faces. In particular, this study investigated access to recognition mechanisms to high and low spatial frequency information in those faces. Our preliminary findings suggest that patients with difficulty processing global visual stimuli also have difficulty accessing low spatial frequency information in faces for face recognition, whereas the patients with difficulty processing local visual information were able to recognize the low and high spatial frequency filtered faces equally well. The selective deficit of the global subgroup on this task may be explained by the specific spatial processing requirements of this task.  Recognizing novel pictures of familiar faces may rely heavily on configural face processing systems that have been associated with the right hemisphere, and with low spatial frequencies (Sergent, & Signoret, 1992).  The results of this study contribute to our understanding of the role of early visual processing mechanisms in high level visual processes such as face recognition, and enable us to better understand the nature of the face processing deficits observed in Alzheimer’s Disease.

Introduction

Visuospatial processing deficits in Alzheimer's disease

A number of studies have demonstrated visuospatial processing deficits in Alzheimer's patients (e.g. Nissen et al., 1985; Cronin-Golomb et al., 1991; Delis et al., 1992; Cronin-Golomb et al. 1995; Keri et al., 1999; Rizzo et al., 2000).  Nissen and colleagues (1985) found elevated contrast sensitivity thresholds at all frequencies in 14 patients compared with control subjects. The 15th patient had markedly reduced sensitivity to low and intermediate frequencies relative to other patients, whereas her sensitivity to the highest frequency tested equaled theirs. This patient was also unique in that she was impaired in object and face recognition. Her impairment was so severe that she could not recognize her husband visually. The authors speculated that this case study pointed to the importance of low spatial frequency information for visual object and face recognition. High spatial frequencies contain information about sharp edges and fine detail, whereas low spatial frequencies contain information about global form. In a larger study, Cronin-Golomb and colleagues (1991) report that although contrast sensitivity was depressed throughout the frequency range, more patients were impaired at low than high spatial frequencies. 

Visuospatial processing asymmetries have also been found in Alzheimer's patients for processing local and global visual forms. Delis and colleagues (1992) found that one subgroup of Alzheimer's patients was relatively more impaired for global visual stimuli, and another subgroup was relatively more impaired for processing local information.  This finding was linked to possible asymmetric pathology in the left and right hemispheres. There is a right hemisphere advantage for processing global visual forms and a left hemisphere advantage for processing local visual forms (van Kleeck, 1989). This finding is also linked to the contrast sensitivity studies. Hemispheric asymmetry studies have shown a right hemisphere advantage for identifying low spatial frequencies and a left hemisphere advantage for identifying high spatial frequencies  (e.g. Kitterle et al, 1990).  Furthermore, a role of low spatial frequency channels in processing global forms and high spatial frequency channels in processing local forms has been shown using both adaptation methods (Schulman et al., 1986) and probe methods (Shulman & Wilson, 1987). These visuospatial processing asymmetries may be associated with configural versus parts-based face processing mechanisms.

Configural versus parts-based face processing

Processing of upright faces has been associated with configural processing mechanisms in the right hemisphere which may rely heavily on low spatial frequencies, whereas processing of inverted faces has been associated with parts-based processing mechanisms and high spatial frequencies (e.g. Sergent & Signoret, 1992). For example, Hillger and Koenig (1991) found a right hemisphere advantage for deciding whether faces were the same or different that reverses with face inversion, whereas they reported a left hemisphere advantage for deciding whether an internal feature was the same or different when embedded in two different faces.  These results suggest that the face processing channels in the left hemisphere may emphasize parsing and analysis of the local elements of the face. 

Tanaka and colleagues (1993) separately taxed parts-based face processing mechanisms associated with the left hemisphere and configural face processing mechanisms associated with the right hemisphere by asking subjects to respond same or different to pairs of facial features such as noses. The noses were presented in isolation, or imbedded in a face. A face advantage was reported, in which healthy subjects were more accurate at identifying noses when they were embedded in a face. This advantage disappeared when the faces were inverted. These authors and others theorized that the perception and recognition of faces depends on the formation of holistic representations with little or no part decomposition (Farah et al. 1998). These holistic processing mechanisms appear to be orientation specific. Inverted faces may fail to engage these processing mechanisms, and may instead be represented largely in terms of their component parts. Consistent with Farah et al (1998), the ability to selectively attend to specific facial features is compromised when those features are embedded in a face. This effect disappears when the faces are inverted (Rissman, Heindell, & Martino, 2001). 

Imaging studies
Imaging studies also support a distinction between holistic and parts-based face processing. These mechanisms appear to be associated with the left and right fusiform gyrus, respectively. Rossion et al. (2000) reported hemispheric asymmetries in whole-based and parts-based face processing in the human fusiform gyrus, a region previously described as a face-specific region (Kanwisher et al. 1997). The right fusiform gyrus was associated with holistic face processing whereas the left hemisphere was associated with parts-based face processing mechanisms. Haxby and colleagues (1999) found that a major effect of the inversion of faces was increased response in ventral extrastriate regions that respond preferentially to other classes of objects. The authors proposed that face inversion leads to the recruitment of processing resources in object perception systems.

Relationship of early visuospatial processing to face recognition

A number of studies have suggested that low spatial frequencies are crucial to face processing (e.g. Sergent & Signoret, 1992). Other studies indicate that a range of spatial frequencies contribute to face processing, although perhaps in different ways. Face cells in macaque STS respond to a range of spatial frequencies in faces, from 3-24 cycles per face on average. Hemispheric asymmetry studies have shown a differential efficiency in processing high and low spatial frequency information for faces in the left and right hemispheres. RH errors in face identification were highest following masking of low spatial frequencies, whereas LH errors were highest following masking of high spatial frequencies (e.g. Keenan, 1989). These studies also provide evidence that both hemispheres contribute to facial recognition, although perhaps in different ways. 

A number of studies have shown face processing impairments in Alzheimer’s disease (e.g. Nissen et al. 1985; Becker et al. 1995, Della Sala et al. 1995; Giannakopoulos et al., 2000). Deficits in familiar face recognition were more frequently observed than deficits in unknown face discrimination (Della Sala et al. 1995). The jury is out regarding the independence of early visual impairment and face recognition in these patients. Some studies concluded a direct relationship between early visual processing and visual cognition in Alzheimer’s disease (e.g. Cronin-Golomb, 1995; Rizzo, 2000).  In contrast, Becker and colleagues (1995) concluded that the face recognition deficit in Alzheimer’s disease is related to the semantic component of face recognition, rather than to the perceptual component.   These conclusions were based on the finding that Alzheimer’s patients who were impaired at recognizing famous faces were not impaired at face discrimination, or analysis of visual forms.  Studies such as this may have concluded independence of face recognition and early visual processing mechanisms because they didn’t differentiate between the visuospatial processing demands of different kinds of face processing tasks. Patients with a deficit on the Famous Faces task may have had impairment in processing global visual forms that did not interfere with face discrimination or visual form matching, tasks which may be accomplished  using local spatial processing mechanisms. 

Several studies have presented evidence that different kinds of face tasks employ distinct processing mechanisms  (Bruce & Young, 1986; Della Sala et al., 1995; Rossion et al., 2000). For example, there is evidence for distinct pathways in the processing of unknown versus familiar faces in healthy subjects (Bruce & Young, 1986) and in Alzheimer’s patients (Della Sala et al., 1995). The processing differences may be related to difference in task demands. Recognition of novel faces is often tested using identical photographs for encoding and test (e.g. the face recognition subtest of the Warrington Recognition Memory Test). This can be described as a face matching task with a memory component. Visual processing mechanisms that may be successful for matching identical photographs may be very different from those required to recognize faces over different lighting conditions, poses, or ages.  These tasks may also tap different spatial frequency components of the stimulus.  

Pilot Study

A preliminary study investigated the relationship of hierarchical visual processing impairments to the recognition of famous faces. In particular, it investigated the access of recognition mechanisms to high and low spatial frequency information in those faces. This study was conducted in collaboration with David Salmon at the Alzheimer’s Disease Research Center at the University of California, San Diego and Jordan Grafman at the National Institutes of Health.  Twelve patients in the early stages of Alzheimer's disease were presented with the Filtered Faces task and the Global-Local hierarchical visual processing task. 
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Figure 1. Sample stimuli from the Filtered Faces task. a. High-pass images of Lyndon Johnson. b. Lowpass images of Albert Einstein. 

Filtered faces task: In the Filtered Faces task, subjects attempt to recognize spatial frequency filtered images of famous faces. Twenty-eight faces from the Famous Faces task (Albert, Butters, & Levin, 1979) were digitally scanned. For each face, either the high or the low spatial frequencies are filtered out. (See Figure 1.) High spatial frequencies contain information about sharp edges and fine detail, whereas low spatial frequencies contain information about global form. Subjects sat 57 cm from the computer screen, such that 1cm on the screen was 1 degree of visual angle. The face was first presented at the greatest level of filtering, and the image remained visible for 6 seconds.  If the subject did not identify the face, the amount of filtering was reduced by 1/4-octave steps, for a total of eight levels of filtering.  The cut-off frequency for lowpass faces ranged from 1.1 to 1.5 cycles per degree, and the highpass cut-off ranged from 10 to 1.4 cycles per degree, each at ¼ octave steps.  In terms of cycles per face the Lowpass cut-off frequencies ranged from 1.9 to 9.0 cyc/face, and the highpass cut-off frequencies ranged from 60 to 8 cycles per face. If the subject could not identify the face after eight such reductions, the unfiltered image of the face was then presented.  The filtering step at which the subject identified the face, labeled 1-9,  was the dependent measure.  The trial was discarded if the subject could not identify the unfiltered image. Uniquely identifying descriptions were accepted in lieu of names. 

Global-Local task: In the Global Local hierarchical processing task developed by Delis and colleagues,  subjects were asked to respond to either the global or the local figure in a hierarchical stimulus (such as a 1 made of small 2's).  Half of the stimuli were hierarchically consistent (1 made of 1’s) and half inconsistent (1 made of 2’s). Subjects responded with a key press on keys labeled 1 or 2. Both reaction time and error rates were collected. The task was administered in blocks, in which subjects were asked to respond only to the global form or only to the local form, and the block order was alternated between subjects. A practice session of 15 trials was presented before each block of 60 trials. A card was placed over the computer screen indicating Global or Local to remind the patient of the condition. 

Results

Patients were classified into two groups according to their performance on the Global Local hierarchical processing task.  Error rates were self-consistent (the condition with the longest reaction times also had the higher error rate), hence the classification was performed on reaction times. Reaction times on correct trials were converted to Z-scores based on normative data from healthy controls (Delis et al.).  Data was collapsed across consistent and inconsistent hierarchical conditions. A difference score was obtained by subtracting the Z-score for the local block from the Z-score for the global block.  The patients were then divided into two groups based on their difference score, where those with a positive difference score (Local > Global) were classed as the local deficit subgroup, whereas those with a negative difference score (Global > Local) were classed as the global deficit subgroup. 

The heirarchical processing subgroups were then evaluated for performance on the filtered faces task.  Preliminary results indicate a subgroup by filter-type in interaction on face recognition performance (p < .05).  (See Figure 2). The global deficit subgroup was substantially more impaired than the local subgroup for images that contain only low spatial frequencies, whereas they performed better than the local deficit subgroup on images containing only high spatial frequencies. The local deficit subgroup showed a similar, but shifted, pattern of results to the elderly controls. 
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Figure 2. a. Performance of Global and Local deficit subgroups on the Filtered Faces task. The mean filtering level at which faces were recognized is given.  Lower values indicate greater sensitivity. b. Performance of the Local deficit subgroup and elderly controls. 

Discussion

Our preliminary findings suggest that patients with difficulty processing global visual stimuli also have difficulty accessing low spatial frequency information in faces for face recognition, whereas the patients with difficulty processing local visual information were able to recognize the low and high spatial frequency filtered faces equally well. 

The selective deficit of the global subgroup on this task may be explained by the specific spatial processing requirements of this task.  Recognizing novel pictures of familiar faces may rely heavily on configural face processing systems that have been associated with the right hemisphere, and with low spatial frequencies (Sergent, & Signoret, 1992).  Recognition of familiar faces requires generalization across different lighting conditions, facial expressions, age, and hairstyle.  All subject groups, including the elderly controls, found it more difficult to recognize the stimuli in which the low spatial frequencies were filtered out.  Other tasks that require processing of local feature information, such as comparisons of internal facial features, may produce the opposite pattern of deficit.  An alternative explanation for our findings is that profuse right hemisphere damage could result in both a deficit in processing low spatial frequencies and face recognition impairments.  The face recognition impairments associated with RH damage were limited to low spatial frequency but not high spatial frequency faces. Converesly,  profuse left hemisphere damage could result in impairments in processing local visual forms. Here, profuse LH damage did not also result in impairments in processing faces containing only high spatial frequencies. 

Studies such as the one presented here contribute to our understanding of the role of early visual processing mechanisms in high level visual processes such as face recognition, and enable us to better understand the nature of the face processing deficits observed in Alzheimer’s disease.
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