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ABSTRACT 

Memory deficits are considered the hallmark of Alzheimer's disease and indices 

of episodic memory and learning are critical in early identification of AD. Poor 

performance on episodic memory tests precedes detectable clinical change and global 

psychometric deterioration in individuals who develop AD. Performance on delayed 

story recall tasks is a sensitive measure of memory impairments associated with 

dementia. This task involves presenting a short story auditorily which subjects recall 

immediately and at different time delays. However, there is limited information on the 

effects of encoding conditions on this task. Given the high prevalence of hearing loss in 

older adults, administering a story recall task via auditory presentation may not enable 

optimal encoding of information. This could lead to spuriously poor performance on 

memory tests, an overlooked consideration when testing older adults. The primary 

purpose of this study was to determine how varying encoding conditions influence story 

recall in healthy, older adults and those with AD. 

A secondary purpose was to investigate recognition abilities and learning effects 

in dementia patients. All participants were administered a story recall task (comprising 

three stories) in three modalities: 1) auditory, 2) visual (silent reading), and 3) auditory 

and visual. Free recall was assessed immediately, and at delays of 15 and 30 minutes. 

Following recall at 30 minutes, half of the healthy elders and AD participants were given 

a multiple-choice recognition task and the stories were repeated for the other half. After 

repetition, story recall was assessed immediately and after 15 minutes. 
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Three noteworthy findings emerged from this study. First, the AD participants 

recalled a story best after silently reading the story, compared to hearing an examiner tell 

the story, or simultaneously hearing and reading the story. Second, testing recognition 

memory with a multiple-choice test revealed that AD patients could recognize 

information which they could not freely recall. Finally, both AD patients and normal 

elders improved their fi^e recall of stories after they were presented a second time. These 

results have important implications for assessing and managing memory deficits in 

healthy elders and those with AD. 
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INTRODUCTION 

Demographic trends worldwide indicate that elderly individuals (over the age of 

65 years) represent the fastest growing segment of the population. With an increased 

elderly population comes an increase in the incidence of the syndrome of dementia. 

Dementia is characterized by acquired, persistent, and progressive deterioration of 

multiple cognitive functions; memory, language, attention, executive function, and 

visuospatial abilities (Cummings & Benson, 1983). It is most frequently caused by 

Alzheimer's disease (AD), a progressive, neurodegenerative process that alters the 

structural and neurochemical composition of the brain affecting major cognitive 

functions. Alzheimer's disease accounts for two-thirds of individuals diagnosed with 

dementia (Katzman & Bick, 2000), and an estimated 4 million individuals in the United 

States carry the diagnosis. Based on the exponential increase in the prevalence of AD 

with increasing age, as many as 14 million Americans are expected to have AD by the 

year 2050 (Scinto & Daf&er, 2001). 

Early clinical identification of AD is fimdamental to pharmacological 

management and long-term care planning. To diagnose AD, clinicians currently rely on 

neuropsychological testing to identify cognitive deficits in multiple domains but 

especially in episodic memory. In fact, poor performance on episodic memory (EM) 

tests is a prerequisite for the clinical diagnosis of AD, according to diagnostic criteria 

used by the Consortium to Establish a Registry for Alzheimer's Disease (CERAD; Morris 

et al., 1989), the National Institute of Neurological Disorders and Stroke and Alzheimer's 

Disease and Related Disorders Association (NINCDS-ADRDA; McKhaim et al., 1984), 
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and the American Psychological Association (APA; 1994). Because an EM deficit is the 

hallmark symptom of early AD (Folstein & Powell, 1984; Bayles, 1991), the purpose of 

this study was to investigate specific factors that might influence performance on 

episodic memory tests in AD patients and healthy, elderly individuals. 

Episodic memory is one of three forms of declarative memory, which is memory 

for factual knowledge that can be brought to mind and declared. Squire & Zola (1984) 

define EM as the capacity for conscious recollection of episodes. Tulving (1972) 

describes EM as memory for events that are linked to the spatial and temporal context in 

which they were originally experienced. Episodic memory is known to be the last 

memory system to mature, and the system that supports rapid learning of new 

information (Tulving, 1983). Then too, EM is the memory system most vulnerable to the 

effects of aging (Light, 1991; Craik, 2000) and degenerative disorders such as AD 

(Bayles & Kaszniak, 1987; Rubin et al., 1988). 

Assessment of Episodic Memory 

Episodic memory tests are the best type of tests for discriminating normal aging 

fi-om early Alzheimer's dementia (Christensen et al., 1991; Buschke et al., 1997; Rubin et 

al., 1998; Petersen, 1995; Findler, 2000). Episodic memory tests typically require the 

immediate and delayed recall of verbal material such as word lists, brief prose passages, 

or short stories. One widely used verbal memory measure is story recall, a component of 

many neuropsychological assessment batteries: the Wechsler Memory Scale (WMS), the 

Rivermead Behavioral Memory Test (RBMT; Wilson, Cockbum & Baddeley, 1985), the 

Arizona Battery of Communication Disorders of Dementia (ABCD; Bayles & Tomoeda, 
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1993), and the Scales of Adult Independence, Language, and Recall (SAILR; Sonies, 

1997). Several researchers have validated story recall as particularly sensitive to early 

AD (Grober & Buschke, 1987; Knopman & Ryberg, 1989; LaRue, 1992; Solomon et al., 

1998). In fact, Rubin et al. (1998) found that a decline in the ability to recall information 

in a brief prose passage occurred prior to other detectable clinical changes and global 

psychometric deterioration in a group of adults who developed AD. In longitudinal 

studies, performance on a story recall test had utility for predicting which healthy elderly 

individuals were at risk for developing dementia (Kluger et al., 1999). 

Typically, story recedl tests are administered verbally i.e., the examiner tells the 

patient a short story and the subject recalls the story immediately after hearing it and 

again in 10-15 minutes. A potential problem with an auditory presentation of a story is 

that many elders may not adequately hear the story because of hearing loss and therefore 

perform poorly. Because reliable assessment of episodic memory is confounded by 

hearing loss, it is important to appreciate the prevalence of hearing loss in elders. 

Hearing Loss in Elders 

According to data from the National Center for Health Statistics (1997), hearing 

loss (HL) is the third most prevalent chronic health problem affecting older adults. The 

prevalence of HL among adults over the age of 65 years is estimated to be 54% (Benson 

& Marano, 1998), far exceeding that for visual impairments. Miller and colleagues 

(1995) found hearing loss to be the most underdiagnosed and untreated problem in a 

sample of older adults. Gold and colleagues (1996) reported a 94% prevalence of HL in 

a sample of AD patients, far exceeding the 24-37% HL prevalence reported in samples of 
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healthy elders (Benson & Marano, 1998; Abutan et al., 1993; Trumble & Piterman, 

1992). The high prevalence of hearing loss is an issue for clinicians who use EM tests 

that have auditorily presented stimuli. Similarly, visual impairment is an issue if the test 

stimuli are printed. 

Visual Impairments in Elders 

Visual impairment is the ninth most prevalent chronic condition in elders over 65 

years of age (National Center for Health Statistics, 1987). However, the majority of 

elders have fimctional vision (Salive et al., 1992). According to the American 

Foundation for the Blind (1997), one in nine persons aged 65 years or older is severely 

visually impaired (i.e., unable to read newsprint). Most visual impairments in older 

adults result fix)m age-related macular degeneration, cataracts and glaucoma (Botwinick 

et al., 1984; Kline & Scialfa, 1996; Tielsch et al., 1990). Because sensory losses of visual 

and auditory acuity are so prevalent in the elderly, researchers are interested in their 

effect on higher-order cognitive processes (Schneider & Pichora-FuUer, 1999). 

Sensoiy Impairments and Cognitive Function 

A strong correlation has been reported between sensory and cognitive function, a 

relationship that increases with age (Lindenberger, 1994; Baltes & Lindenberger, 1997, 

Salthouse, Hambrick, & McGuthry, 1998). The contribution of visual and auditory 

impairments to cognitive deficits in elders was demonstrated by Lindenberger & Baltes 

(1994), who presented evidence that visual and auditory acuity together accoimted for 

93% of the age-related variance in cognitive function in elders between the ages of 70 

and 103 years. 
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Evidence that sensory function may contribute to age-related cognitive decline 

comes from studies of the effects of degraded sensory input on the cognitive performance 

of yoimger adults. Spinks and colleagues (1996) demonstrated that by degrading the 

visual contrast on the Raven's Advanced Progressive Matrices (RAPM) and a symbol-

digit substitution test to levels experienced by AD patients, younger adults performed 

similarly to 50-year old adults. Correspondingly, Gilmore and colleagues (1996) showed 

that AD patients' cognitive performance could be improved if the visual contrast between 

stimuli and background was enhanced. Then too, memory for recently presented paired 

associates was significantly reduced in younger adults when auditory stimuli were 

presented with background noise (Murphy et. al, in press). Although the younger adults 

perceived the stimuli correctly, the noisy background had an adverse effect on their 

ability to establish durable memory traces. 

Some researchers have reported HL to be predictive of poor cognitive functioning 

(Cacciatore et al., 1999; Granick, Kleban, & Weiss, 1976; Ohta, Carlin, & Harmon, 1981; 

Uhlman, Larson, & Koepsell, 1986); whereas, others suggest that the lower scores of 

hearing-impaired individuals reflect an inability to understand instructions and hear test 

items (Weinstein & Amsel, 1986). Some researchers have observed the relation between 

hearing loss and reduced cognitive functioning in elders to be stronger on verbal than 

nonverbal tasks (Thomas et al., 1983, Ohta et al., 1981, Granick et al., 1976). This 

finding suggests that presentation modality (verbal versus nonverbal), which is an aspect 

of encoding, influences test performance in elders with HL and has implications for 

memory testing of AD patients. 
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Encoding Conditions and Memory 

Conway and Gathercole (1987) hypothesize that presentation modality at 

encoding is represented, in some form, in long-term memory and influences long-term 

retention. If information is optimally encoded, then the chances of it being consolidated 

and recalled later are higher because memory is considered a joint flmction of the 

conditions operating at encoding and retrieval (Tulving & Thomson, 1973). Nebes 

(1996) offers evidence that AD patients demonstrate significant impairments at the initial 

stage of information encoding, thus preventing integration of information into long-term 

memory stores. Given that AD patients have trouble encoding information and that 

encoding conditions can influence long-term memory, it is of interest to explore how 

different encoding conditions or presentation modalities influence immediate and delayed 

recall of verbal information in AD patients. Whereas the effect of presentation modalities 

on memory performance of AD patients has not been examined, researchers have 

addressed how presentation modality influences recall in young and old adults. 

Several investigators have compared the abili^ of young and older adults to 

remember auditorily (spoken) and visually (written) presented digits (Taub, 1972), word 

lists (Murdock et. al, 1969; Engle & Mobley, 1976), and prose (Taub & Kline, 1976). 

Results obtained from these studies indicate that older adults recall more digits presented 

auditorily than visually (Taub, 1972). However, for word lists (Engle & Mobley, 1976) 

and prose (Taub, 1976), older adults show the opposite pattern. They recall more 

information from visual stimulus presentations than auditory presentations. Young adults' 

recall of presented stimuli (digits, words, or prose) does not difier between auditory and 
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visual modalities. Arenberg (1968) found that young adults benefit less than do older 

adults when visual stimulus presentation is augmented by the experimenter/subject 

reading the digits aloud. However, this finding was not replicated with prose passages 

(Taub, 1976). In these studies, hearing status of the participants was not documented and 

vision was assessed crudely from subjects' ability to read newsprint or see the presented 

stimuli. A study in which hearing and vision abilities were carefiilly controlled and 

encoding conditions systematically manipulated could provide important information on 

how encoding conditions influence episodic memory in healthy elders and AD patients. 

Further, given the high prevalence of hearing impairments in healthy elders and 

AD patients, investigating alternate methods of presenting information on a recall task is 

warranted. Consider that hearing-impaired elders' performance on a story recall task 

may be facilitated if they read the story instead of hear it. Also, combining auditory 

presentation with reading may be even more facilitating for recall. A primary purpose of 

this study was to compare the efTect on recall of presenting a story in the auditory, visual 

(silent reading), and auditory and visual modalities to healthy elders and those with AD, 

whose vision and hearing were good. Contrasting how AD patients perform when they 

hear, read, or simultaneously hear and read a story would be valuable to clinicians by 

providing insight about how dementia patients best process and recall information. 

Recall of information can be measured by different means. The most common are: free 

recall (inunediate and delayed), cued recall, and recognition. 
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Episodic Memory as measured by Free Recall, Cued Recall, and Recognition 

The different indices used to assess recall in AD patients deserve consideration 

because each places different demands on episodic memory. In a free recall task, the 

patient is asked to remember presented information explicitly and no contextual support 

is provided. On the other hand, in a cued recall task, the patient is given a cue, for 

example, a semantic category or letter (for word lists), a picture or question (for prose) 

to help remember information. Finally, in a recognition task, the patient is either asked 

yes/no questions or has to select one of several options on a multiple-choice task (forced 

choice recognition). For AD patients, free recall is considered the most demanding and 

recognition the least demanding. 

Researchers have anecdotally reported that individuals with AD can recognize 

information that they cannot explicitly recall (Bayles et. al, 1999). Cued recall and 

recognition tasks reduce demands on the episodic memory system by providing 

supportive, contextual information at retrieval that facilitates recall. Success with cued 

recall and recognition formats indicates that the capacity to register information is intact 

even when the ability to recall it freely is impaired. However, most memory tests assess 

immediate and delayed recall without evaluating cued recall or recognition. An 

interesting question is whether individuals with AD in whom free recall is impaired 

nonetheless have spared recognition memory. 

In addition to assessing recognition abilities in AD patients, it is important to pay 

attention to the nature of the recognition task itself. For example, in the WMS-III 

Logical Memory test, recognition is assessed by a yes/no task, thereby allowing 
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individuals to be correct 50% of the time by guessing. A better approach to assessing 

recognition abilities is to use a multiple-choice recognition task that requires individuals 

to discriminate between four plausible alternatives. Assessing recognition abilities in 

AD patients can give clinicians insight into whether patients can benefit from cueing 

strategies to trigger recall. Clinicians often facilitate AD patients' recall of information 

by providing cues or repeating information to be remembered. However, empirical data 

regarding the effects of these activities on AD patients' recall are lacking. 

Repetition and Learning 

Researchers have empirically demonstrated that repetition improves comprehension 

of and memory for verbal information in younger and older adults (Bromage & Mayer, 

1986; Verhaeghen et al., 1993). Morrow and colleagues (1999) speculated that repetition 

reduces the effects of cognitive resource limits on comprehension especially for listeners 

with compromised auditory comprehension abilities, regardless of age. Small, Kemper, 

& Lyons (1997) reported an improvement in memory for sentences after repetition in 

older adults with mild to moderate AD. Similarly, Heun, Burkart, & Benkert (1997) 

demonstrated that immediate and delayed repetition improved picture recall in 

Alzheimer's patients. 

Clinicians usually assume that AD patients are incapable of learning new 

information because the EM system that supports rapid learning of information is 

impaired. In this study of factors affecting EM performance in AD patients, it was easy 

to repeat the stimuli to obtain information about the effects of repetition on recall. 
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Purpose of the Study 

Given the critical importance of the story recall task to clinical diagnosis of AD, it 

is imperative to fill existing gaps in our knowledge about the effect of presentation 

modalities on stoiy recall, comparison of performance on fi%e recall versus multiple-

choice recognition of information presented in the story, and the effect of story repetition 

on recall scores. The purpose of this study was to fill these gaps by euiswering three 

fimdamental questions about episodic memory and learning in individuals with 

Alzheimer's dementia and age-matched, non-demented, healthy older adults; 

a) Do variations in encoding conditions affect the performance of individuals with 

AD and healthy elders on a story recall task? 

b) Do individuals with mild Alzheimer's dementia demonstrate the capacity to 

recognize previously presented information when they can no longer freely recall 

the information? 

c) Do individuals with AD and healthy, elderly individuals demonstrate better recall 

of a story after it is repeated? 
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METHODOLOGY 

Study Participants 

Study participants were 30 healthy, elderly individuals and 30 individuals with a 

diagnosis of probable AD and associated mild dementia. Members of the healthy elderly 

group were recruited from the community or independent living facilities and consisted 

of 15 women and 15 men, whose mean age was 75.5 years (Range: 65-93 years) and who 

had 11 to 21 years of education (Mean = 14.9 years). Members of the AD group were 

recruited from assisted living facilities and adult daycare homes located in Tucson, 

Arizona. This group consisted of 21 women and 9 men, whose mean age of 76.5 years 

(Range: 65-89 years) and who had 11 to 19 years of education (Mean = 14.5 years). 

Demographic data for both groups of study participants appear in Table I. The 

two groups did not differ in mean age or number of years of education. However, the 

two groups differed in their gender distribution with the normal elder group having equal 

numbers of males and females and the AD group having a majority of females. All 

participants were literate, native speakers of English, and had no clinical depression, 

history of alcohol or drug dependency, neurological/psychiatric disease, brain trauma, or 

major cardiovascular disorder. Informed consent was obtained from participants or their 

caregivers, when appropriate. 

Only individuals with a medical diagnosis of probable Alzheimer's disease were 

considered for participation in the study. To rule out the possibility of multi-infarct 

dementia, participants with AD were administered the Modified Hachinski Scale 

(Appendix A; Rosen et al., 1980). This scale consists of 6 clinical features the presence 
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or absence of which are determined from a dementia patient's case history. Each feature 

is assigned a score (zero for absence, 1 or 2 for presence) leading to maximum score of 

10. A score of greater than or equal to 4 is considered evidence of multi-infarct 

dementia. Potential participants in the AD group were excluded under the following 

conditions: 

a) failure to obtain informed consent from the caregiver or legal guardian (n=3) 

b) current participation in an ongoing clinical trial for drug treatment of AD (n=l 8) 

c) presence of clinical depression or other psychiatric disorder in addition to dementia 

(n=4) 

d) medical diagnosis of dementia of the Alzheimer type but Mini Mental State Exam 

(MMSE; see section on Assessment of Cognitive Status below) scores above the 

Tombaugh and Mclntyre (1992) cut-off for dementia (n=4) 

e) hearing loss, with levels (in dB) exceeding the cut-off criteria used in the present 

study (n=14) 

0 significantly compromised visual acuity because of cataracts, glaucoma or age-related 

macular degeneration (n = 2) 

Assessment of Cognitive Status 

The cognitive status of study participants was evaluated using the Mini-Mental 

State Examination (MMSE; Folstein, Folstein, & McHugh, 1975). The MMSE is a 

widely used, brief mental status test comprising 11 items and 30 possible points. The 

items are designed to obtain information about orientation, memory, attention and 

calculation, language, and visuospatial ability. Scores below 24 are considered indicative 
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of cognitive impairment (Tombaugh & Mclntyre, 1992), although scores of 25 and 26 

may also indicate questionable mental status (Azuma et al., 1997). In this study, healthy 

elders had MMSE scores ranging between 27 and 30, with a mean score of 28.8. In the 

AD group, only individuals with mild dementia were selected, as indicated by their 

MMSE scores that ranged between 17 and 24, with a mean score of 20.4 (Table 1). 

Assessment of Depression 

Each participant was administered the Geriatric Depression Scale (GDS; 

Yesavage et al., 1983) to assess mood and rule out depression. The GDS is a widely used 

and well-researched, self-rated depression screen. It was developed specifically for use 

with older adults and consists of 30 questions. A score of 11 or greater on the GDS is a 

reliable indicator of depression. McGivney and colleagues (1994) demonstrated that the 

GDS could be reliably used to screen for depression in dementia patients who have 

MMSE scores greater than or equal to IS, making it suitable for use with the AD patients 

in this study. The two groups did not differ in mean scores obtained on the GDS (Table 

2). 



Table 1. Demographic data of normal elderly (NE) and Alzheimer's disease (AD) 

participants. 

Variable Normal Elders (NE) Alzheimer's Disease (AD) 

Number 
Men 15 9 
Women 15 21 

Age (in years) 
Mean 75.5 76.5 
SD 7.6 4.7 
Range 65-93 65-89 

Years of Education 
Mean 14.9 14.5 
SD 2.6 2.3 
Range 11-21 11-19 

Mini-Mental State Exam 
(MMSE) Scores 

Mean 28.8 20.4 
SD l.l 2.1 
Range 27-30 17-24 

Geriatric Depression Scale 
(GDS) Scores 

Mean 5.6 6.1 
SD 1.8 1.9 
Range 4-10 3-10 
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Assessment of Memory 

Because the focus of this study was on factors affecting performance on a test of 

episodic memory i.e., immediate and delayed story recall, it was important to establish 

baseline memory performance for all participants on a test similar to the story recall test. 

Therefore, study participants were administered the Wechsler Memory Scale (WMS-in, 

1997) Logical Memory Subtest. The WMS-UI is commonly used to assess memory in 

adults. The Logical Memory Subtest is one of six primary tests in the WMS-UI, in which 

the examiner reads two stories (A and B), stopping after each story to assess immediate 

free recall. Story A and Story B each contain 25 story units, and seven and eight 

thematic units, respectively. Subjects get one point for every correctly recalled story unit 

or thematic unit. The highest possible score is 50 (A + B) for recall of story units and 15 

(A + B) for thematic units. Delayed recall and recognition of information in both stories 

can be determined. Participants in the healthy elderly group had to score in the normal 

range for their age, as specified in the WMS manual. As expected, the differences 

between the AD and normal elderly groups, on immediate and delayed story recall scores 

on the WMS were statistically significant (Table 2). 

Assessment of Hearing Ability 

The hearing fVmction of study participants was evaluated prior to their 

participation in the study, and included otoscopy, pure-tone threshold testing, word 

recognition testing, and administration of the Hearing Handicap Inventory for the 

Elderly-Screening version (HHIE-S; Ventry & Weinstein, 1983). Testing was conducted 
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in a quiet room, where recorded noise levels were below maximum permissible ambient 

noise levels (MPANLs) for hearing screening at 25 dB HL (44.5dB SPL at 500 Hz; 

51.5 dB SPL at 1000 Hz; 53.0 dB SPL at 2000 Hz; 59.5 dB SPL at 4000 Hz; 

68.5dB SPL at 6000 Hz) (ASHA Guidelines for Audiologic Screening, 1997). 

To ensure the absence of ear canal occlusion and any obvious abnormalities, 

study participants were given an otoscopic check. If the tympanic membrane was visible 

in both ears, then testing proceeded. If the external ear canals were occluded, then the 

participant was referred to the nurse or the caregiver was notified. Four participants were 

referred for cleaning before testing was conducted. Visual inspection and otoscopy were 

followed by pure-tone audiometric testing. A portable audiometer with TDH-50 

earphones, calibrated according to the American National Standard Specification for 

Audiometers (American National Standards Institute; ANSI, 1996), was used for testing. 

The investigator first presented a tone at 50-60 dB HL at 1000 Hz to orient 

participants to the task. When participants demonstrated an understanding of test 

instructions by responding appropriately to the practice tones (raising a hand, nodding 

their head or verbal acknowledgment were accepted), the testing was initiated. Pure-tone 

threshold levels were obtained at 500, 1000, 2000,4000, and 6000 Hz in each ear 

separately. To pass the hearing selection criteria, each participant had to have a pure-tone 

average (PTA) at 500,1000, and 2000 Hz of less than or equal to 35 dB, and a high-

frequency average (HFA) across 4000 and 6000 Hz of less than or equal to 45 dB in the 

better ear. These inclusion criteria were based on a review of existing normative PTA 

and HFA data for elders aged 70 years and above (Eisdorfer & Wilkie, 1972; Brant & 
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Fozard, 1990) and by determining the maximum permissible hearing levels for which 

speech remains 80% intelligible, based on calculation of the articulation index (Mueller 

& Killion, 1990; Magnusson, 1996). Most individuals responded to the pure-tone stimuli 

by raising a hand. A few nodded or responded verbally to audible tones. Three 

individuals with AD had to be reminded to pay attention to the tones. 

The difference in mean PTA of the better ear, between the healthy elderly and AD 

groups was 5.4 dB, with the AD group having higher hearing thresholds (Table 2). This 

difference was statistically significant, however, it was likely not flmctionally significant 

for several reasons. First, a + 5 dB difference falls within acceptable test-retest limits for 

reliability in pure-tone audiometry. Second, all members of the two groups had mild 

hearing loss in the better ear, as per ANSI (1989) classification and the observed 

difference in better ear PTAs did not affect classification of hearing loss severity in the 

two groups. Finally, the NE and AD groups did not differ in mean recognition scores of 

words presented face to face, providing evidence that the ability of the two groups to 

understand speech was similar. 

Following the pure-tone testing, word recognition ability was assessed using the 

Arthur Boothroyd (AB) Isophonemic Word Lists (Boothroyd, 1988; see Appendix B for 

word lists used). There are fifteen lists of 10 words, each consisting of the same set of 30 

phonemes, 10 vowels, and 20 consonants (Markides, 1997). Typically, individuals with 

norma! hearing, repeat the words with 90 to 100% accuracy. Participants were presented 

four lists, of which two were presented face-to-face and two in an auditoiy-only condition 

such that the examiner's face was not visible to participants. Participants' responses were 
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audiot^)ed and phonemically scored. Finally, all participants were administered the 

screening version of the Ventry-Weinstein Hearing Handicap Inventory for the Elderly 

(Appendix C) to obtain a subjective index of hearing handicap. 

Assessment of Visual Ability 

Participants were administered the visual perception, visual field, agnosia, and 

literacy screening tests from the ABCD (Bayles & Tomoeda, 1991), as well as the 

reading comprehension subtest at the word and sentence level. To quantify reading speed 

and assess story comprehension, participants were asked to read a short story from the 

Gray Oral Reading Test (GORT) silently and answer questions regarding it. 

Story Recall Test Materials & Procedure 

Study participants were administered a story recall test, comprising three stories 

(A, B, and C), each presented in one of three modalities: 

a) auditory only (examiner tells story, participant listens) 

b) visual only (participant silently reads story printed in a large font) 

c) auditory and visual (examiner tells story, participant follows along with 

printed version) 

Each story (A, B, and C) was presented in a separate session to prevent interference 

between them. One of the stories was from the Arizona Battery for Communication 

Disorders of Dementia (ABCD; Bayles & Tomoeda, 1991), the other two were developed 

by the same authors based on Thomdyke's (1977) schema of narrative structure. These 

two stories were normed on 10 healthy, young adults and mean performance scores on 

immediate and delayed recall were found to be comparable to those for the story 
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published in the ABCD. Each story has a central character involved in a problematic 

situation, and the story ends with resolution of the problem. The stories contain 17 

information units, gender-neutral episodes and have the same number of total words. The 

stories differ slightly in content but are matched for syntactic and semantic complexity, 

and vocabulary level (See Appendix D for stories). 

The order of story presentation and encoding condition were counterbalanced 

across participants. Following presentation, each story was recalled immediately and 

after delays of 15 and 30 minutes. All participants' responses were audio taped and 

scored online with one point scored for each information unit (lU) recalled correctly. 

Following assessment of recall at 30 minutes, half of the participants in each group (NE 

and AD) took a multiple-choice recognition test. The other half were administered the 

stories in each encoding condition a second time, and recall was re-assessed immediately 

and again after IS minutes. By comparing recall after two story presentations to 

performance after one, it was possible to identify whether learning had occurred. 

Tester 

All tests and instructions were administered by a bilingual female speech-

language pathologist whose native languages were Hindi and English. This tester had an 

accent and had lived in the United States for over four years at the time of testing. 



Table 2. Between-group differences in demographic and independent variables 

Variable Normal Elders AD T Degrees of 
Freedom 

Significance 
(2-tailed) 

Age (in years) 
Mean 75.5 76.5 l.l 29 0.26 
SD 7.6 4.7 29 

Years of Education 
Mean 14.9 14.5 1.09 29 0.28 
SD 2.6 2.3 29 

Mini-Mental State 
Exam Scores 

Mean 28.8 20.4 33.3 29 0.001»» 
SD 1.1 2.1 29 

Geriatric Depression 
Scale Scores 

Mean 5.9 6.1 0.73 29 0.467 
SD 1.8 1.8 29 

WMS Logical Memory 
Immediate 

Mean 10.3 5.3 25.5 29 0.001'** 
SD 1.4 1.2 29 

WMS Logical 
Memory Delayed 

Mean 7.7 0.5 36.6 29 0.001»* 
SD 1.6 0.8 29 

Right Ear PTA 
Threshold (in dB) 

Mean 23.3 28.8 5.9 29 0.001*« 
SD 6.7 5.7 29 

Uft Ear PTA 
Threshold (in dB) 

Mean 25.4 30.1 4.5 29 0.001« 
SD 7.9 5.8 29 

Right Ear HFA (in dB) 
Mean 39.7 41.0 1.3 29 0.181 
SD 6.1 7.1 29 

Un Ear HFA (in dB) 
Mean 44.9 43.7 1.3 29 0.181 
SD 7.6 4.04 29 

Word Recognition 
Score (face to face) 

Mean 17.6 17.1 2.2 29 0.208 
SD 1.5 1.3 29 

Word Recognition 
Score (auditory only) 

Mean 16.0 14.1 4.9 29 0.001»» 
SD 2.2 2.7 29 

Hearing Handicap 
Inventory Score 

Mean 7.5 9.9 3.9 29 0.001«* 
SD 4.04 4.1 29 
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RESULTS 

This study was motivated by an interest in the effect of encoding conditions on 

story recall performance of AD patients and normal elderly individuals. Also of interest 

was the difiTerence in performance on a delayed free recall versus delayed recognition 

memory test, and the effects of story repetition on immediate and delayed free recall. 

Effect of Encoding Conditions on Immediate and Delayed Story Recall 

The primary research question about the effect of encoding conditions 

(presentation modality) on recall scores was answered by a 2 x 3 x 3 mixed design 

(Figure 1.1) factorial ANOVA. The between subjects factor was group (NE vs. AD); the 

within subjects factors were encoding conditions (auditory vs. visual vs. combined) and 

time of recall (inmiediate vs. 15 min delay vs. 30 min delay). The ANOVA entailed a 

planned comparison because it was expected that the NE group would outperform the AD 

group, and that inunediate recall would be superior to delayed recall at IS and 30 

minutes. 

Figure l.l: Research design used to compare encoding conditions across groups and 

recall intervals 

Encoding 

Conditions 

Group 1: Normal Elders (NE) Group 2: Dementia (AD) Encoding 

Conditions Emm 15 min 30 min Imm 15 min 30 min 

Auditory 

Visual 

Auditory 

and Visual 
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The mean immediate and delayed recall scores of the AD patients and the normal 

elderly individuals, across encoding conditions, are illustrated in Figures 2.1 and 2.2, 

respectively. Results of the multifactorial ANOVA revealed main effects for group and 

encoding condition (auditory, visual, auditory and visual). The AD patients performed 

significantly worse (i.e., recalled less information) than the normal elderly participants, 

on immediate and delayed story recall, in each encoding condition. Whereas AD patients 

recalled significantly more information when a story was presented visually (Table 3), 

there were no differences in recall performance across encoding conditions in the normal 

elderly group (Figure 2.1). Within the AD group, no differences were observed between 

the auditory and combined conditions, or between visual and combined conditions. 

An interaction effect was obtained between the variables group and encoding 

condition i.e., the manipulation of presentation modality impacted story recall 

significantly in AD patients but not in the normal elderly. Further, for AD patients, 

silent reading of a story led to significantly better immediate but not delayed (15 and 30 

minute) story recall. In other words, despite AD patients' delayed recall performance 

being better in the visual than the other two conditions, the differences in delayed recall 

scores between encoding conditions were not statistically significant. The recall scores 

of the normal elderly and AD participants in the three encoding conditions, at each time 

interval (immediate, 15 minute, 30 minute) are compared in Figures 3.1, 3.2, and 3.3. 
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Figure 2.1: Mean Performance of Normal Elders on 
Immediate and Delayed Story Recall Across Encoding Conditions 
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Figure 2.2: Mean Performance of Alzheimer Patients on 
Immediate and Delayed Story Recall Across Encoding Conditions 
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Figure 3.1; Comparison of Immediate Story Recall Performance of Normal Elders 
and Alzheimer Patients Across Encoding Conditions 
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Figure 22.: Comparison of IS-minute Delayed Story Recall Performance of Normal 
Elders and Alzheimer Patients Across Encoding Conditions 
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Figure 3.3; Comparison of 30-minute Delayed Story Recall Performance of Normal 
Elders and Alzheimer Patients Across Encoding Conditions 
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Table 3: Effect of Encoding Conditions on Immediate and E>elayed Stoiy Recall 

Source of Dependent Sum of Degrees of Mean Sums F p 
Variation Variable Squares Freedom of Squares 

Tmm 1620 1 1620 508.01 0.000 
Group Delay I 5335.5 1 5335.5 1564.7 0.000 

Delay 2 6265.8 1 6265.8 2251.6 0.000 

Imm 27.1 2 13.55 4.25 0.016 
Modality Delay 1 13.43 2 6.72 1.97 0.143 

Delay 2 6.74 2 3.37 1.21 0.3 

Group X Imm 19.03 2 9.52 2.98 0.049 
Modality Delay 1 9.88 2 4.94 1.45 0.238 

Delay 2 2.03 2 1.02 0.37 0.69 

Imm 554.87 58 3.19 
Error Delay 1 593.3 58 3.41 

Delay 2 484.2 58 2.78 

Imm 2221 60 
Total Delay 1 5952.11 60 

Delay 2 6758.77 60 

Another method for examining the influence of encoding conditions on immediate 

and delayed story recall performance in AD patients is counting the number of 

individuals who recalled no information (scored 0) at delays of 15 or 30 minutes, across 

encoding conditions (Figure 4.1). These counts were made and a chi-square analysis was 

conducted to investigate the significance of observed zero versus non-zero scores in AD 

patients, in each encoding condition. The results of this analysis are reported in Tables 4 

and 5. At a 15-minute delay, differences in the number of observed zero scores, across 

encoding conditions, were not significant. However, differences in the number of 

observed zero scores across encoding conditions, at a 30-minute delay, were statistically 
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Figure 4.1: Number of Alzheimer Patients with Zero Scores at Delayed Recall 
Across Encoding Conditions 
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significant. As seen in Tables 4 and 5, the least number of zero scores occurred in the 

visual condition. 

Table 4: Number of Zero Scores* on 15-minute Delayed Recall (across modalities) 

Encoding 
Condition 

Number of 
Zero Scores 

Number of Non-
Zero scores 

Total 

Auditory 6 24 30 

Visual 5 25 30 

Auditory and Visual 9 21 30 

Total 20 70 90 

Observed ~ 1-63 Expected (0.05,2) = 5.99 

Observed X^ < Expected X^- Therefore, encoding condition is not related to number of 
zero scores at 15-minute delayed recall. 

Table 5: Number of Zero Scores* on 30-minute Delayed Recall (across modalities) 

Encoding 
Condition 

Number of 
Zero Scores 

Number of Non
zero scores 

Total 

Auditory 20 10 30 

Visual 14 16 30 

Auditory and Visual 20 10 30 

Total 54 36 90 

Observed X' " 55.32 Expected X^ (0.05,2) = 5.99 

Observed X^ > Expected X^- Therefore, encoding condition is related to number of zero 
scores at 30-minute delayed recall. 

* Note: Data for chi-square analysis is based on AD patients' performance (normal elders 
had no zero scores at either delay) 
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Recognition Abilities 

The second question of interest in this study involved comparing story recall 

performance on a delayed free recall versus delayed multiple-choice recognition test. 

After assessing free recall of the story at a 30-minute delay, only half of the 30 

participants in each group (NE and AD) were administered a delayed recognition 

memory test. This reduced the sample size to 15 participants in each group for this 

comparison. This small sample size precluded conducting statistical tests reliably. 

Therefore, the data on delayed free recall versus recognition performance are reported 

descriptively. Two other reasons motivated a descriptive analysis of these data — a 

ceiling effects in the performance of normal elders on the 5-item multiple-choice 

recognition test, and floor effects for a majority of the AD patients on the 30-minute 

delayed free recall test. Both floor effects in performance scores and restriction of score 

range are violations of assumptions for conducting ANOVA reliably. 

The data on comparison of performance on delayed story recall at 30 minutes and 

delayed recognition are presented in Figure 5.1. This comparison was primarily of 

interest for the AD patients and data analysis revealed that the mean number of 

information units recalled by AD patients at a delay of 30 minutes was 0.8 (range = 0-3), 

with 50% of the scores being zero. However, these same AD participants correctly 

answered an average of 2.8 items (range = 1-5) on the multiple-choice recognition test. 

In fact, no AD patient scored zero on the recognition memory test. 
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Figure S.I: Comparison of Delayed Recall and Recognition Performance 
in Normal Elders and Alzheimer Patients 
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Effects of Repetition on Immediate and Delayed Story Recall 

As mentioned, half the participants in each group were given a delayed 

recognition memory test. For the remaining half of the participants, the stories were 

repeated (one story in each encoding condition) to investigate the effect of story 

repetition on learning. Repeating the story improved immediate and 15-minute delayed 

recall in normal elderly individuals and AD patients (Figure 6.1). 

Whereas AD patients recalled a mean of 8.1 (range = 5-13) lUs in the immediate 

recall condition after the first presentation of the story, they recalled a mean of 9.6 (range 

= 7-14) lUs in the same condition after the second presentation of the story. In the 15-

minute delayed recall condition, AD patients recalled 2.3 (range = 0-5) lUs after the first 

presentation versus 3.6 (range = 1-7) lUs after the story was repeated. Similarly, the 

normal elderly group had a mean immediate and 15-minute delayed recall of 14.04 (range 

=10-17) and 13.3 (range =9-16) lUs, respectively. This can be contrasted with a mean 

immediate recall of 15.1 (range =9-17) lUs and a 15-minute delayed recall of 14.7 (range 

= 12-17) lUs, following repetition of the story. 



Figure 6.1: Effects of Repetition on Immediate and Delayed Story Recall in 
Normal Elders and Alzheimer Patients 
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DISCUSSION 

Three noteworthy findings emerged firom this study. First, individuals with 

Alzheimer's dementia recalled a story best after silently reading the story, compared to 

hearing, or hearing and silently reading it Second, testing recognition memory with a 

multiple-choice test revealed that AD patients had encoded information they could not 

recall explicitly. Finally, both AD patients and normal elders recalled more information 

about the stories after they were presented a second time. 

Silent Reading of Stories Facilitated Recall 

In this study, AD patients recalled most information fi-om a story when they 

silently read it rather than hearing it or hearing and silently reading it. Normal eiders, 

however, recalled similar amount of information from a story regardless of presentation 

modality. When comparing the influence of visual (i.e. silent reading) and auditory (i.e. 

hearing) encoding conditions on recall, it is important to appreciate differences between 

how spoken and written langu^e are processed. 

Differences Between Spoken and Written Language 

One obvious difference is that spoken language is distributed in time, whereas 

written language is distributed in space. This significantly influences the availability of 

information presented in either modality. Written information remains tangible, and 

available for rescanning or review during reading. This can be contrasted with spoken 

language, where the speech signal is available to the listener once, and fades rapidly from 

the perceptual field. (See Lively, Pisoni, & Goldinger, 1994 for a detailed discussion). A 

second important difference between spoken and written language is that spoken 
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language arrives faster than written language, and has to be processed at whatever speech 

rate a speaker uses. Thus, in listening to a story, the listener has no control over the input 

whereas in reading a story readers can control the rate of information acquisition by 

speeding up or slowing down the input to suit their level of comprehension. 

Another difference between spoken and written input is that in written language, 

word and sentence boundaries are clearly marked by spaces and periods (Garman, 1990). 

This segmentation of information is unavailable in spoken language where word and 

sentence boundaries may be blurred by faster speech. However, spoken language is 

clearly richer in prosodic information (Ferreira & Anes, 1994). Prosodic variations in 

word and pause duration, location of pauses, and pitch inflections provide important 

information about the structural organization of a sentence, and can facilitate 

comprehension. Because most of these salient differences between written and spoken 

language favor the visual input modality, some researchers suggest that spoken language 

comprehension may require more cognitive resources than written language 

comprehension (Ferraro, 1995; Wingfield, 1999). 

Individuals with AD have documented deficits in reading comprehension 

(Cummings, Houlihan, and Hill, 1986; Sasanuma, Sakuna, & Kitano, 1992) and auditory 

comprehension (Kempler et al., 1998; Leikin & Aharon, 1998) of words and sentences. 

However, to date, no one has directly compared reading comprehension with listening 

comprehension of the same material in individuals with AD. Although reading 

comprehension deteriorates across the course of Alzheimer's disease (Cummings, 

Houlihan, & Hill, 1986), it is relatively good in individuals with mild dementia 
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(Schmand, Geerlings, Jonker, & Lindeboom, 1998). The AD participants in this study all 

had mild dementia (mean MMSE score = 20.4/30) and may have performed best in the 

silent reading condition because they could understand the story and could control the 

rate of information acquisition. 

Rate of Information Acquisition during Reading 

Given that AD patients could control their reading speed, an interesting question 

was whether they took more time to read the stories than normal elderly participants, and 

therefore, recalled more information in the visual condition. Several investigators have 

demonstrated that generalized cognitive slowing occurs in individuals with AD and 

manifests in increased processing time and response latencies (Nebes & Brady, 1992; 

Nebes, Brady, & Reynolds, 1992). Further, Heun, Burkart, & Benkert (1998) 

demonstrated that prolonged visual presentation of words significantly improved recall 

and recognition in mild AD patients, and reduced the magnitude of difiTerences between 

nondemented elderly adults and AD patients. 

To address whether AD participants took longer to read the stories than normal 

elders, participants were timed during silent reading of the stories. However, no 

statistically significant differences were observed in the mean story reading time between 

the normal elderly (mean =16.6 sec, range = 14-21 sec) and the AD group (mean =17.5 

sec, range = 15-25 sec). 

Effortful Processing of Silently Read Stories 

Although the better recall in the visual condition did not appear to result from 

using more time to comprehend the stories, it may have resulted from more effortful 
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processing of information that is thought to occur during reading. The amount of effort 

involved in processing information is a factor thought to influence performance on 

episodic memory tasks. Craik and Lockhart (1972) argue that the strength of a memory 

trace is determined by the level or depth at which an input is processed. In other words, 

inputs that are superficially analyzed are more poorly retained than those that are 

subjected to deeper analysis. It may be that silently reading the stories engaged subjects 

more actively and was perhaps more effortful than passively listening to the story told by 

someone else, leading to better recall of stories that were silentiy read. 

Presentation of Stories in the Visual Condition 

AD patients' better recall of visually presented stories could also be due to the 

way in which the stories were presented for silent reading. Gilmore and Whitehouse 

(1995) reported that compared to healthy older adults, AD patients suffer firom 

significantiy greater visual deficits in spatial contrast sensitivity. Diminished contrast 

sensitivity markedly reduces a person's ability to read (Legge et al., 1985), and may 

account for deficits in reading speed and comprehension in individuals with AD. Based 

on this reasoning, Gilmore (1995, 1996) suggested that simple stimulus enhancement by 

enlarging text size and presenting letters at high contrast may ameliorate reading 

comprehension deficits in AD patients. In a recent study, Gilmore, Townsend, Lustig, & 

Morrison (1998) demonstrated that reading speed and comprehension of sentences 

printed in normal to small size was significantiy poorer in individuals with mild and 

moderate AD, as compared to healthy older adults. However, when sentences were 

printed in large size with high contrast, no significant differences existed between mild 
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AD patients (MMSE >21) and healthy elders on either reading speed or comprehension, 

though differences in reading speed and comprehension remained between healthy elders 

and moderate dementia patients (MMSE <21). The stories presented visually in this 

study were printed in large, bold, black lettering with double spaced sentences. It is 

likely that this enhancement of visual stimuli facilitated reading speed and 

comprehension. 

Age-Related Decline in Hearing Acuity 

The visual input modality may also be favored over the auditory modality by AD 

patients because age-related declines in hearing acuity render the auditory modality less 

desirable, hi this study, all participants (NE and AD) had flmctionally adequate hearing 

in their better ears, as defined by pure-tone average thresholds less than or equal to 

35 dB HL, and high frequency average (HFA) thresholds less than or equal to 45 dB HL. 

There were minimal differences between the NE and AD groups on PTA thresholds, and 

no differences between the two groups on HFA thresholds. However, despite 

functionally adequate hearing, AD patients performed worst in the auditory condition. 

This could be due to their inability, as compared to healthy elders, to compensate for 

even small reductions in hearing acuity because of concomitant attention and memory 

deficits. 

Tester Accent 

Another factor that could have contributed to AD patients' poor performance in 

the auditory condition could be the tester's accent. Recently, Mahendra, Bayles, and 

Tomoeda (2000) compared the effects of a familiar and an unfamiliar accent on AD 
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patients' ability to repeat words and phrases and found that an unfamiliar accent 

significantiy and adversely affects AD patient's word and phrase repetition performance. 

However, the participants in the Mahendra et al (2000) study had a greater severity of 

dementia (mean MMSE = 7.3; range = 1 to 10) than AD participants in this study (mean 

MMSE = 20.4; range = 17 to 24). Further, stimuli used in that study were words and 

nonmeaningful phrases, which do not provide any contextual cues unlike the short stories 

used in this study. 

Combined Auditory and Visual Presentation: A Dual-Task Effect? 

The idea that a combined auditory and visual presentation of information to AD 

patients would be the most beneficial encoding condition for recall has intuitive appeal. 

However, this was not the case in this study. Perhaps, as suggested by Gilmore (1995), 

individuals with AD find it difScult to integrate information simultaneously presented 

through two input chaimels (i.e. auditory and visual). Reading a story and listening to it 

at the same time could have required dementia patients to divide their attention between 

the two tasks of listening and reading, creating a dual-task effect (Morris, 1994). 

Attention deficits appear early in AD (Morris, 1994; Perry, Watson, & Hodges, 

2000. Baddeley and colleagues (1991) demonstrated that AD patients are particularly 

impaired in attention when required to perform two tasks concurrentiy, even when their 

performance on the individual tasks is comparable to age-matched, healthy adults. Perry 

et al. (2000) demonstrated that individuals with AD performed significantly worse on a 

combined trail-making and digit repetition task than on each task by itself. Similarly, 

Camicioli and colleagues (1997) reported that when individuals with AD had to perform 
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a verbal fluency task while walking, there was a significant reduction in the walking 

speed (as measured by distance traveled and time taken), as compared to healthy elders 

and young adults. It is possible that the attentional demands of listening to the examiner 

tell the story while trying to read it prevented optimal encoding of information. 

In simmiary, a combination of factors may account for the better performance of 

AD patients in the silent reading (visual) encoding condition. These include differences 

in written and spoken language processing, ability to control rate of information 

acquisition when reading, relatively spared reading comprehension, the enhancement of 

visual stimuli, and being more actively engaged during reading. Further, age-related 

declines in hearing acuity, tester accent, and inability to divide attention between 

simultaneously reading a story and listening to it may have disadvantaged the auditory 

and combined encoding conditions, respectively. 

In the normal elderly (NE) group, participants had equivalent recall performance 

across encoding conditions. A possible explanation for this finding is that the recall task 

was not difBcult enough to tease out differences across encoding conditions. The stories 

were short (70-72 words) and the content was simple. It may be that on a more diiTicuU 

recall task (with longer and more complex stories), NE individuals would show a 

modality preference. 

Preserved Recognition despite Impaired Free Recall 

Comparison of performance on delayed free recall versus a delayed recognition 

memory test administered 30 minutes after presenting the story, revealed that individuals 

with mild Alzheimer's dementia correctly recognized previously presented information 
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despite being unable to recall it freely. On the 30 minute-delayed free recall test, floor 

effects for the AD patients were anticipated based on findings reported in earlier studies 

(Robinson-Whelen & Storandt, 1992; Chapman, White, & Storandt, 1997) and were 

observed in this study. 

Only half of the participants in each group i.e., 15 participants received the 

recognition memory test. Three recognition scores were obtained for each of these 15 

individuals (one for each of three stories presented). Therefore, the total number of data 

points for comparing free recall and recognition performance in each group was 45 (15 x 

3). In the AD group, 24 of these free recall scores were zero i.e., patients were unable to 

freely recall any information from the stories 30 minutes after they were presented. The 

AD patients had a mean delayed free recall score of 0.8 (range = 0-3) out of 17 possible 

information units. However, in spite of this floor effect in free recall performance, AD 

patients were able to identify an average of 2-3 (mean = 2.8, range; 2-5) story 

information units correctly on a delayed recognition memory test. Further, none of the 

AD patients scored zero on the recognition memory test. 

The finding of preserved recognition memory in AD patients is consistent with 

other reports in the literature (Lipinska & Baeckman, 1997; Zandi & Woods, 1988). In a 

study conducted to examine the influence of encoding and retrieval conditions on recall 

performance, Lipinska and Baeckman (1997) compared the performance of 15 mild AD 

patients and 15 healthy, older adults on free recall, cued recall, and multiple-choice 

recognition tests. Participants were presented 20 photographs of common objects and 

had to name 10 of the 20 objects, as well as name and identify the semantic category 
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(from two alternatives) for the remaining 10 objects. In an attempt to equate the amount 

of forgetting that occurred for the two groups, AD patients were tested 10 minutes after 

this naming task and normal elderly adults were tested one week later, hi the cued recall 

condition, subjects were provided with the semantic category to which each object 

belonged. In the recognition test, subjects had to select one of four items belonging to the 

same semantic category as the target object. No significant differences were obtained 

between fi-ee recall, cued recall, and recognition performance of normal elders as a result 

of naming objects or naming objects with category identification at encoding. For AD 

patients, however, cued recall and recognition performance were significantly better after 

naming and category decisions than after naming objects alone. At retrieval, both normal 

elders and AD patients performed best on the recognition task, followed by cued recall, 

which was better than free recall. 

Similarly, Zandi & Woods (1988) compared free recall and recognition of 

sentences presented to 20 AD patients and institutionalized (but not demented), elderly 

adults matched for age and years of education. One half of both groups of subjects heard 

audiotaped sentences and the remaining half heard the same 15 sentences along with 

pictures depicting the sentences. Free recall and recognition of the sentences was 

assessed immediately after presentation of the sentences. These researchers did not 

present raw data but reported that in the sentence-only condition, individuals with AD 

recalled 17% of the presented information during free recall but remembered 80% of the 

information by selecting the right answer out of three possible choices on a 15-item 

recognition test. Nondemented elders also recalled less information on the free recall test 
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(43%) compared to the recognitioii (84%) test Similarly, in the sentence-picture 

condition, both groups performed better on the recognition test than on free recall. 

Individuals with AD remembered 32% of the information on free recall, as compared to 

82% on the recognition test, and nondemented elders remembered 65% of the 

information on free recall and 88% in the recognition condition. 

The finding of AD patients' spared recognition memory of short stories in this 

study extends the findings of previous studies to prose materials, which are considered 

more ecologically valid test materials (Shadden et al., 1991). Further, in earlier studies, 

recall and recognition of objects and sentences were tested after short intervals of 10 or 

IS minutes. In this study, the recognition test was administered 30 minutes after the 

initial presentation of the story. 

Researchers (Smith, 1985; Craik, 1994) describe the retrieval process as requiring 

an active memory search that is either self-initiated or prompted by contextual cues. In 

dementia patients, the efficiency of self-directed searches declines because of pronounced 

episodic and working memory deficits. Therefore, providing cues such as questions and 

options on a forced-choice recognition test facilitates retrieval by decreasing reliance on 

self-initiated retrieval processes. The importance of preserved recognition memory 

despite impaired free recall suggests that information is encoded and stored by AD 

patients but it cannot be retrieved without cues or some form of environmental support to 

trigger retrieval. 
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Repetition Improves Immediate and Delayed Story Recall 

Data from this study revealed that repeating a story improved both immediate and 

delayed free recall for AD patients and normal elderly individuals. In dementia patients, 

the improvement in immediate and delayed recall performance after just a single 

repetition of a short story provides strong evidence of dementia patients' potential to 

leam from repeated presentations. As a group, dementia patients in this study improved 

their immediate recall scores from 8 to approximately 10 lUs, and delayed recall scores 

from 2 to approximately 4 lUs, after story repetition. This study is the first report of 

learning effects for prose materials in individuals with AD, and adds to a growing body 

of literature on learning potential of dementia patients. The findings of this study are 

consistent with results reported by other investigators (Little et al., 1986; Small, Kemper, 

& Lyons, 1997, Heim, Burkart, & Benkert, 1997, Morrow et al., 1999). 

Little and colleagues (1986) assessed paired-associate learning performance of 26 

AD subjects weekly over 6 months. During the study, some of the paired associates were 

changed and some were presented repeatedly. These researchers demonstrated that 

performance on repeated items was maintained at initial levels while performance on 

changing items declined progressively over time. 

Heun, Burkart, and Benkert (1997) reported that repeated presentation of a set of 12 

pictures significantly improved inmiediate picture recall and recognition in 19 moderately 

demented AD patients (mean MMSE = 11.7, mean age = 76.8 years) and 21 elderly 

control subjects with remitted depression (mean MMSE = 26.4, mean age = 71.2 years). 

The investigators tested immediate recall, delayed recall and delayed recognition after a 
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single presentation of the pictures on one day. On a different day, the 12 pictures were 

presented four times to subjects before testing immediate recall, followed by testing 

delayed recall and recognition 1 hour later, bidividuals with AD performed significantly 

better on immediate picture recall after four repetitions than after a single repetition. 

Performance on the delayed recognition task also improved, though not significantly. 

However, on delayed recall, after 1 hour, they found floor effects both after one 

presentation and four presentations of the pictures. Normal elders showed significant 

improvements in immediate and delayed recall of the pictures after four repetitions and 

no significant difference in recognition after one versus four presentations. This study 

had some limitations: significant age difTerence between AD patients and healthy elders, 

testing recall performance before and after repetition on separate days, and use of an 

uncommonly long delay of 1 hour before testing delayed recall. 

Small, Kemper, and Lyons (1997) found that verbatim and paraphrased repetition of 

76 sentences improved 15 AD patients' and 20 normal elders' comprehension of the 

sentences, as measured by performance on a sentence-picture matching task. Subjects 

listened to a sentence and pointed to one of four pictures depicting the meaning of the 

sentence. Dementia patients improved significantly from 72.6% correct to 91.8% correct 

after the first repetition and from 91.8% correct to 96.1% after a second repetition of the 

sentences. Normal elderly adults demonstrated ceiling effects in sentence comprehension 

after the sentences were repeated once. 

Similarly, in healthy young and old adults. Morrow and colleagues (1999) 

investigated whether repetition improves comprehension and memory of medical 
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appointment messages, delivered by automated telephone systems. They found that 

repetition improved free and cued recall of messages in both age groups. In another 

study, Cohen, Sandler, and Schroeder (1987) compared recall of 27 words and 27 action 

events (tasks performed by subjects) in healthy young and old adults. Of these words and 

action events, half were presented once and half were presented twice. Results indicated 

that young adults performed better than older adults but both groups benefited equally 

from item repetition and recalled repeated words and events better than non-repeated 

ones. 

Given that the findings of this study and others suggest the benefits of repetition, it 

is relevant to mention why repeating information is thought to improve recall. Perhaps 

repeating the stimulus information provides an opportunity for the examinee to identify 

information missed in the first presentation. Alternatively, as suggested by Small and 

colleagues (1997), repeating information helps to strengthen memory traces that may 

have decayed during forgetting. These researchers suggest that repetition may help 

overcome working memory limitations in dementia patients and healthy elders by 

refi'eshing information and enabling it to be maintained in working memory longer. 

Clinical Implications 

Study results provide evidence that presentation modality is an overlooked 

consideration in the administration of story recall tests, which are typically administered 

auditorily. Despite carefully controlling for hearing loss, AD patients in this smdy 

demonstrated significantly better recall of visually presented stories, as compared to only 

auditorily, or auditorily and visually presented ones. This finding warrants greater 
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attention to the issue of how best to present information to dementia patients to facilitate 

optimal encoding. Data obtained in this study have relevance to the accurate assessment 

of memory in healthy, elderly individuals and dementia patients who have hearing loss. 

Hearing loss presents an important and widely prevalent confound to the reliable testing 

of cognitive function in healthy elders and individuals with AD. Because hearing loss 

renders the auditory modali^ less efiBcient, clinicians should consider presenting test 

materials visually to elders with hearing loss. 

Second, given that AD patients have impaired episodic memory, and free recall 

tests are more demanding of episodic memory than recognition tests, performance on 

recognition tests is likely to be better than on tests that require free recall of declarative 

knowledge. Recognition tests reduce demands on already impaired episodic memory, 

provide contextual support, and help initiate a more directed search of stored information, 

thus facilitating better performance than on free recall. Performance on recognition 

memory tests may also enable clinicians to predict a dementia patient's ability to benefit 

from cueing strategies to help retrieve forgotten information. With regard to assessment 

of memory deficits in dementia patients, these findings support the inclusion of measures 

of recognition memory in addition to measures of fre^ recall when determining the extent 

and severity of memory deficits in dementia patients. It is important to recognize that 

free recall and recognition tests serve complimentary purposes and both are essential in 

order to obtain a complete picture of memory function in AD patients. Whereas testing 

free recall is essential to clinically identifying AD, considering performance on free recall 

tests alone may lead clinicians to form erroneous conclusions about the ability of AD 
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patients to encode and retrieve information. Such erroneous conclusions result in 

widespread myths about the futility of providing cues or other forms of environmental 

support to improve memory fimction in individuals with dementia. 

Finally, an improvement in story recall performance after repetition is critical 

evidence of AD patients' spared ability to leam new information. Often it is wrongly 

assumed that dementia patients cannot remember information despite repeated 

presentations, and this assimiption leads investigators to administer tests multiple times to 

dementia patients. This has ramifications for studies in which pretest - posttest designs 

are used to examine the efiScacy of an intervention. Typically, the same cognitive test is 

administered to patients before and after the intervention. Given that dementia patients 

leam from repeated presentations, improved performance due to prior familiarity with the 

test is likely misinterpreted as a benefit resulting from the intervention. 

Repetition is considered essential for memory-impaired individuals to leam skills 

and new information (Glisky, 1997). Therefore, dementia patients' ability to benefit 

from repeated presentations has implications for implementing interventions that provide 

repeated exposure to information in a structured format (Camp, 1989; Arkin & 

Mahendra, 2000; Arkin, Rose, & Hopper, 2000). 



Limitations & Future Directions 

The limitations of this study were the small sample size, the unbalanced 

male to female participant ratio in the AD group, and tester accent. Replication of 

findings with a larger sample of subjects, an equal number of male and female 

dementia patients, and a tester without an accent is warranted. Several important 

follow-up questions emerge from this study. First, the effects of encoding 

conditions and story repetition on recall, as well as comparison of free recall and 

recognition performance need to be investigated with moderately demented AD 

patients. Second, given the high prevalence of hearing loss in healthy elders and 

those with dementia, a critical follow-up question is determining the effect of 

encoding conditions on story recall performance in hearing-impaired healthy 

elders and dementia patients. Finally, given the better recall of AD patients for 

information presented in the silent reading (visual) condition in this study, it is 

relevant to compare recall of stories that are silently read versus read aloud by 

healthy elders and AD patients. 
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APPENDIX A 

Multi Infarct Dementia Screening 

Modified Hachinsid Scale* 

INSTRUCTIONS: Detennine the presence or absence of each feature listed below. 
Information should be obteiined from case history, patient or caregiver interview, and 
observation. 

SCORING: Circle the appropriate response in each item below 

Feature Score 

1. Abrupt Onset Yes = 2 No = 0 

2. Stepwise Deterioration Yes = 1 No = 0 

3. History of Hypertension Yes=l  No = 0 

4. History of Stroke Yes = 2 No = 0 

5. Focal Neurologic Symptoms Yes = 2 No = 0 

6. Focal Neurologic Signs Yes = 2 No = 0 

TOTAL SCORE = 

INTERPRETATION: A total score of greater than or equal to 4 is considered evidence 
of multi-infarct dementia. 

* From Rosen, W. G., Terry, R. D., Fuld, P. A., Katzman, R., & Peck, A. (1980). 
Pathological verification of ischemic scores in differentiation of dementias. 
Annals of Neurology, 7,486-488. 
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APPENDIX B 

Arthur Boothroyd (AB) Isophonemic Word Lists 

List 1 List 2 

Pass Hall Time Make 

Rule Come Caught Laws 

Cause Bag Beg Rice 

Time Rose Rid Bell 

Log Suit Loon Tote 

Sick Made Mop Cod 

Mean Like Doze Ham 

Bed Peace Says Deep 

Hope Dip Pack Pig 

Date Ten Heel Spoon 
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APPENDIX C 

HEARING HANDICAP INVENTORY FOR THE ELDERLY 
SCREENING VERSION (HHIE-S) 

Instructions: The purpose of this scale is to identify the problems your hearing loss may 
be causing you. Check YES, SOMETIMES, or NO for each question. Do not skip a 
question if you avoid a situation because of a hearing problem. 

Yes Sometimes No 
(4) (2) (0) 

1. (E) Does a hearing problem cause you to feel 
embarrassed when meeting new people? 

2. (E) Does a hearing problem cause you to feel 
frustrated when talking to members of your family? 

3. (S) Do you have difficulty hearing when someone 
speaks in a whisper? 

4. (E) Do you feel handicapped by a hearing problem? 

5. (S) Does a hearing problem cause you difficulty 
when visiting friends, relatives, or neighbors? 

6. (S) Does a hearing problem cause you to attend 
religious services less often than you would like? 

7. (E) Does a hearing problem cause you to have 
argimients with family members? 

8. (S) Does a hearing problem cause you difficulty 
when listening to TV or radio? 

9. (E) Do you feel that any difficulty with your hearing 
limits or hampers your personal or social life? 

10. (S) Does a hearing problem cause you difficulty 
when in a restaurant with relatives or friends? 

Raw Score Handicap Range Post-hoc Probability of 
Hearing Impairment 

0-8 No handicap/No referral 13% 
10-24 Mild-Moderate Handicap 50% 
26-40 Severe Handicap 84% 
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APPENDIX D 

STORY A 
(from the Arizona Battery of Communication Disorders of Dementia) 

While a lady was shopping, her wallet fell out of her purse. But she did not see it 

fall. When she got to the check-out counter, she had no way to pay for her groceries. So 

she put the groceries away and went home. Just as she opened the door to her house, the 

phone rang and a little girl told her that she had found her wallet. The lady was very 

relieved. 

STORY B 

A man and his wife went to dinner at an Italian restaurant. The man ordered 

spaghetti. When the waitress brought it to the table, she spilled it in his lap. The man 

jumped up and ran to the bathroom to wash off the mess. The waitress apologized and 

brought him another plate of spaghetti. The restaurant manager paid for his meal and the 

cleaning of his clothes. 

STORY C 

A lady had a bad toothache and was driving to a dentist's appointment. Suddenly, 

she heard a loud bang and had trouble steering the car. She pulled over and noticed she 

had a flat tire. Just then, a police officer stopped to help her replace the tire. She used his 

phone to call her dentist, who agreed to see her later. Relieved, she thanked the officer 

and drove away. 
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