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ABSTRAcr 

Brain structures in the perisy]vian region that are critical for language also subselVe 

verba] memory processes. Researchers have documented a reduction in verba] memory span in 

individuals with perisyJvian stroke resulting in aphasia, but scant data are availab]e regarding the 

integrity of long-term memory in such individuals. Whereas dissociated memory processes have 

been documented in nonaphasic populations, characteristic patterns of short- versus long-term 

memory have not typically been associated with specific lesion sites in aphasic individuals. The 

purpose of this study was to examine memory abilities of aphasic individuals in relation to site 

of neurological lesion resulting from cerebrovascular accident. 

Fourteen individuals with stroke and aphasia and fourteen demographically matched 

control subjects were given selected tests of short-term memory (STM) and long-term memory 

(LTM). The stroke patients represented two distinct groups with regard to site of neurological 

lesion: seven with anterior lesions, seven with posterior lesions. STM was assessed with Digits 

Forward and Tapping Forward subtests from the Wechsler Memory Scale-Revised (Wechs]er, 

1988). Verba] LTM was assessed using two multitria] free recall paradigms. One paradigm 

required free recall of a word list presented aurally with selective reminding of unrecalled items. 

The other required free and cued recall of a word list presented with guided semantic encoding. 

Stroke patients were impaired relative to norma] control SUbjects on tests of verba] 

memory, with greater impairment of LTM associated with anterior lesions and greater impairment 

of STM associated with posterior lesions. Individua]s with anterior lesions were deficient in the 

enactment of successful L TM encoding and retrieval strategies. The posterior aphasia group was 

most impaired for digit span. a task dependent upon subvocal rehearsal. There were no group 

differences on a test of visual short-term memory. Verbal memory performance did not correlate 

highly with language ability, and did not appear to be simply a consequence of language 

impairment. The memory impairments observed in aphasic stroke patients were interpreted as 

working memory impairments with distinct manifestations dependent upon lesion site. 
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INlRODUcnON 

Cerebrovascular accident (CVA), or stroke, often results in the communication disorder 

called aphasia. Aphasia is an acquired impairment of receptive and expressive language processes 

resulting from damage to areas of the brain which are primarily responsible for the language 

functions. Areas of the brain important for language are located in th~ perisylvian region of the 

language dominant hemisphere (typically the left). and include the inferior frontal' lobe, the 

superior temporal lobe, and the temporoparietal region, as we)) as subjacent deep structures and 

the white matter connections among these regions. Circumscribed lesions in the perisylvian region 

have long been associated with specific aphasia syndromes (Benson, 1967; Luria, 1964, 1966; 

Weisenburg & McBride; 1935). That is, lesions to particular brain regions have resulted in 

relatively predictable language deficits, and have provided information regarding the localization 

and organization of brain-behavior relations. 

Brain structures of the perisylvian region and their connections also subserve verbal 

memory processes (Squire, 1987), and verbal memory impairments have frequently been associated 

with aphasia (Butters, Samuels, Goodglass, & Brody, 1970; Goodglass, Gleason, & Hyde; 1970). 

Memory research with aphasic individuals has primarily focused upon the patient's ability to 

sustain verbal information within consciousness, a short-term memory task. Whereas numerous 

reports exist of short-term memory deficits in individuals with aphasia (Albert, 1976; DeRenzi & 

Nichelli, 1975; Gordon, 1983; Heilman, Scholes, and Watson, 1976; Rothi & Hutchinson, 1981), 

consensus is lacking about the integrity of long-term memory, the recall of information after it 

has been dropped from consciousness (McNeil, 1982; Risse, Rubens, & Jordan, 1984). With the 

exception of a study by Risse, Rubens, and Jordan (1984), characteristic patterns of short- and 

long-term memory impairment have not typically been associated with specific lesion locations in 

individuals with aphasia. 

The past decade has brought refinement of memory theory and an increasing body of 
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neuropsychological evidence favoring the existence of neurologically dissociable memory systems. 

Memory for events, or episodic memory, has been distinguished from the general knowledge that 

individuals have about the world (Tulving, 1972). The latter is referred to as semantic memory 

and represents our factual knowledge, information that is independent of the context in which it 

was learned. Episodic memory, on the other hand, is context bound. It is memory of the episodes 

in an individual's life, remembered within the temporal and spatinl context in which they occurred. 

Semantic and episodic memory are both types of declarative memory. They are directly accessible 

to conscious recollection, and are thought to be dependent upon intact neuronal circuitry in 

cortico-limbic-diencephalic brain structures. Cerebrovascular accident in the perisylvian region is 

likely to disrupt normal memory processes, and lesion effects may vary depending upon the lesion 

location. 

The purpose of the present study was to examine memory abilities of individuals with 

aphasia, in relation to the site of neurologic lesion resulting from eVA The following section 

develops the theoretical framework for the study of memory. An historical perspective is offered 

because the stUdy of memory impairment associated with aphasia reflects the evolution of memory 

theory. 

Background 

The Modal Model of Memory Theory 

During the 1960s and early 1970s, memory theorists commonly conceptualized human 

memory as occurring in a series of stages. Atkinson and Shiffrin (1968), among others, described 

a multistage model as a temporal sequence beginning with the reception of information in sensory 

memory, the brief retention of information in short-term memory, and the transfer of information 

to long-term memory. Short-term memory (STM) and long-term memory (L TM) were considered 

to be separate memory systems operating under different information processing principles 
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(Baddeley, 1966; Conrad, 1964; Glanzer & Cunitz, 1966; Peterson & Peterson, 1959). A 

description of the general characteristics of the memory stages resulted in a commonly accepted, 

or modal model of memory. 

Sensory Memory 

Sensory receptors are activated by environmental stimuli and transmit sensory information 

to the central nervous system. A record of the neural activation is preserved or stored briefly in 

sensory memory, lasting only about 300 milliseconds in the visual modality, and up to a second or 

two in the auditory modality (Ellis & Hunt, 1983). Sensory memories are unavailable for 

introspection; that is, individuals basically are unaware of any sensory persistence. The capacity 

for sensory memory is considered to be unlimited, but only that which receives attention is 

processed within short-term memory. 

Short-Term Memorv 

Short-term memory (STM) refers to short-lived mental representations that exist within 

consciousness. STM is also referred to as primary memory emphasizing its current availability 

within consciousness (James, 1890). Normal adults typically demonstrate a STM capacity limited 

to approximately seven plus or minus two bits of information (Miller, 1956), thus the rationale 

for seven digit telephone numbers. Information within STM drops from consciousness after a few 

seconds unless it is rehearsed. Verbal information can be maintained within STM by subvocal 

recirculation of the phonological representation. The information that is processed within short­

term memory may be encoded into long-term memory, or decay and be forgotten. 
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Long-Term Memory 

Long-term or secondary memory refers to mental representations that can be recalled 

after they have been dropped from consciousness (James, 1890). Long-term memories differ from 

STMs in that they may persist over an unlimited time span. Additionally, the long-term store 

appears to have unlimited capacity for holding information. Research in the 19605 suggested a 

difference in the coding of information in STM and LTM. Whereas phonologic coding appeared 

to predominate in STM, semantic coding appeared to predominate in LTM (Baddeley, 1966; 

Conrad, 1964). SUbsequent research has shown that phonologic and semantic coding occur within 

both STM and LTM, and that processing strategy, not STM versus LTM distinction, determines 

the representation of information in memory (Ellis & Hunt, 1983; Stein, 1978). 

In summary, the modal model depicted memory as a series of stages through which 

information passes. The different memory stages were characterized by the duration, capacity, and 

coding of information at each stage. This model provided a useful approach to the study of 

human memory that ultimately led to more process-oriented models of memory (Baddeley & 

Hitch, 1974; Craik & Lockhart, 1972), such as the working memory model. 

The Working Memory Model 

Baddeley and Hitch (1974) proposed a modification of the modal model of memory 

based on the concept of a working memory that interfaces with LTM. Working memory (WM) 

is a general term used to refer to the processes that are thought to occur within STM. WM is 

considered a cognitive workspace where comprehension occurs and mental associations are formed, 

hence the term "working memory." This conceptualization differs from the view of STM as simply 

a temporary information storage site. Within WM, information is processed, related to prior 

knowledge, and encoded. When information is retrieved from L TM, it is brought back to WM. 

Thus, working memory functions as a control sy~tem for processing. storing, and retrieving 
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information. 

Baddeley (1987) suggested that working memory consists of modality-specific slave systems 

and a central executive component. The slave systems function to maintain information for a brief 

period of time, whereas the central executive determines and executes the information processing 

goals. The articulatory loop and visuospatial scratch pad are two proposed slave systems 

(Baddeley, 1987). . The articulatory loop serves as the temporary storage mechanism for 

phonologically coded speech sounds, and will be discussed in detail because of its relevance to 

memory abilities of individuals with aphasia. 

The Articulatory Loop 

Within working memory, verbal information is thought to be coded into a phonological 

store and maintained within consciousness by means of a covert articulatory rehearsal process. 

The phonological store is accessed by aurally presented input, or by the articulatory coding of 

visually presented material (Salame and Baddeley, 1982; Vallar & Baddeley, 1984). Rehearsal 

requires functioning of an articulatory control process that is refreshed by the phonological store 

(Vallar & Baddeley, 1984). 

Verification for phonological coding of information in working memory came from the 

observation that phonologically similar stimuli are more difficult to recall than phonologically 

dissimilar stimuli (Baddeley, 1966; Conrad, 1964; Conrad & Hull, 1964). Verbally presented 

consonant strings such as B, C, 0, G, P, V, T, were more difficult to recall than strings such as 

F, K, Q, R, X, W, Z. This phonological similarity effect was found to disappear under conditions 

of articulatory suppression, that is, when subjects were prevented from performing subvocal verbal 

rehearsal. Murray (1967) required subjects to repeat the word "the" following the presentation 

of consonant strings. This overt verbal task resulted in the obliteration of the previously 

documented phonological similarity effect and supported the role of covert verbal rehearsal of 
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phonological information. 

Additional evidence that rehearsal is of an articulatory nature, not simply phonological, 

was obtained by Baddeley, Thomson, & Buchanan (1975). They found a word length effect 

indicating that retention of words was better for sequences of shon words than sequences of long 

words. Further study confirmed that the crucial variable was the time necessary for sUbjects to 

articulate words, not simply the number of syllables or phonemes (Baddeley, 1987). Standing, 

Bond, Smith, & Isely (1980) demonstrated that an individual's articulation rate was positively 

correlated with verbal retention span. Taken together, studies of the phonological similarity effect, 

articulatory suppression, and word length effect strongly support the articulatory loop model as 

presented by Baddeley (1987). The recirculation of phonological input maintains the information 

within consciousness and makes it available for further processing by the central executive. 

The Central Executive 

The central executive component of working memory represents the attentional capacities 

and the cognitive operations that take place during learning, comprehension, and reasoning 

(Baddeley, 1987). The central executive serves as a supervisory control system that directs 

information processing. It integrates multimodality information, including mental representations 

activated by the current environment, as well as information retrieved from long-term or secondary 

memory. Thus, the central executive directs the encoding and retrieval of long-term memories. 

Encoding Long-Term Memories. Encoding refers to the psychological processes that 

transform information into mental representations that can be remembered. The ability to 

remember information is dependent upon the nature of the encoding processes operating at the 

time stimuli are presented (Craik and Lockhart, 1972; Craik & Tulving, 1975). The deeper, more 

meaningful processing of information that results from semantic encoding induces more durable 

memory than shallow, structural processing on the basis of sound or physical appearance (Craik 
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& Lockhart, 1972). Craik and Tulving (1975) proposed that "deeper" processing reflects greater 

elaboration during encoding. Elaboration refers to the relating of to-be-remembered. information 

to other knowledge that individuals possess. When new information is processed~ prior knowledge 

is used to give meaning to the input (Ellis & Hunt, 1983). Elaboration is thought to improve 

memory for an event because it increases the number of available retrieval cues for it. Craik and 

Tulving (1975) suggested that semantic processing produces a more elaborate encoding than 

nonsemantic procesSing, thus explaining the increased durability of semantically encoded 

information. 

When performing a list-learning task, SUbjects may elaborate upon list items by calling 

to mind propositions related to individual list items. For example, when presented with the word 

"carrot," a subject may recall information from memory such as, "Carrots are orange," "I had a 

carrot for lunch," and "Rabbits eat carrots." If the word "carrot" occurs in a list that also has the 

word "celery," the subject may associate the words as both belonging to the category of vegetables, 

employing another encoding strategy, organization. 

Organization refers to the process of grouping or rearranging to-be-remembered 

information in a new or more optimal manner (Ellis and Hunt, 1983). Given a list of items to 

recall, the task is made easier when the items are grouped according to some commonality. 

Organization serves to assist in long-term retention by establishing inter-item relations at the time 

of encoding. With regard to memory for a list of words, organization refers to associating words 

together, whereas elaboration refers to encoding operations performed on a single word (KJein 

& Kihlstrom, 1986). Elaboration and organization of to-be-remembered information provide cues 

that guide memory retrieval. 

Retrieving Long-Term Memories. The retrieval of episodic memories is a reconstructive 

act whereby the central executive activates previously encoded memories. The most effective 

retrieval cues are those that were present at the time of enCOding, a principle referred to as 
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"encoding specificity" (Tulving, 1968; Tulving & Thomson, 1971, 1973). As mentioned previously, 

elaboration and organization processes employed at the time of encoding provide cues for episodic 

memory retrieval. Recall of elaborative information guides the retrieval of to-be-remembered 

events. Craik and Lockhart (1975) demonstrated that retention is a function of the amount of 

elaboration that stimuli received during encoding. Additionally, the employment of an 

organizational strategy during encoding can strongly influence reca)). Bellezza, Cheesman, and 

Reddy (1977) demonstrated that the use of list organization led to better recall than the use of 

semantic elaboration for individual list items. 

The retrieval of semantic, or general, knowledge differs from the retrieval of memories 

for the events in one's life. The encoding specificity principle does not apply to retrieval of 

information from semantic memory because the knowledge is no longer associated with the 

circumstances of encoding (Tulving, 1972). Semantic memory is organized on the basis of meaning 

relations, such as subordinate, coordinate, and thematic relations. Theories regarding retrieval of 

semantic information are based upon theoretical models of conceptual and lexical representation 

within the mind (reviewed in Ellis & Hunt, 1983; Forster, 1990). Certainly, semantic and episodic 

memory interact, and semantic memory is activated as episodic memories are encoded and 

retrieved (Craik & Tulving, 1975). However, the dissociation of semantic and episodic memory 

has been reported in well-documented neuropsychological case studies in which severe episodic 

memory impairment coexists with relatively preserved semantic knowledge (Milner, 1972; Parkin, 

1987; Squire & Moore, 1979). 

In summary, the working memory model fractionates short-term memory into a central 

executive with modality-specific slave systems. The articulatory loop slave system comprises a 

phonological store and a covert rehearsal mechanism that allows individuals to retain speech-based 

information within consciousness for a short period of time. The central executive directs the 

processing of information. It has access to information in the long-term store and uses it to 
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term memories that may be retrieved in the future. 

The Neuroanatomy of Memol)' and Memory Impairment 
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Current memory theory suggests that memory is determined by information processing, 

and "the processing systems that analyze information also participate in and influence the 

representation of that information" (Squire, 1987, p. 129). The neocortical regions that analyze 

and process sensory information are considered the likely memory storage sites for that 

information (Mishkin & Appenzeller, 1987; Squire, 1987). Sensory input is received in the primary 

sensory regions of the temporal, parietal, and occipital lobes and is processed in the adjacent 

secondary and tertiary sensory regions. Multisensory information is processed in the posterior 

association areas, and arrives at the frontal lobes for further processing (Kolb & Whishaw, 1985). 

The anterior and posterior association areas interact with basal and midline structures of the 

limbic system that are critical to the establishment of long-term memories (Mishkin & Appenzeller, 

1987; Squire, 1987). Normal memory performance requires the integrity of each of these regions 

and the connections among them. 

Limbic Memol)' System 

The structures believed to be critical in the retention and consolidation of long-term 

memories are the hippocampus, amygdala, and related structures housed within the medial 

temporal lobe and diencephalic midline (Mishkin & Appenzeller, 1987; SqUire, 1987). These so­

called limbic structures are not, however, considered to be memory storage sites. Damage or 

removal of the temporal lobe as in temporal lobectomy, or damage to the dorsomedial nucleus 

of the thalamus as in Korsakofrs Syndrome, results in amnesia, the inability to form new long­

term memories, but amnesic individuals retain normal short-term memory and may recall remote 
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memories from their past (Milner, 1972; Squire, 1987). In individuals with aphasia-producing 

lesions, the limbic structures typically are undamaged. However, perisylvian damage may disrupt 

cortical and subcortical connections with limbic structures in the medial temporal region. 

Memory Functions of the Frontal Lobes 

Specialized regions of the frontal lobes play a role in the organization and processing 

of sensory information that leads to encoding of the temporal and spatial context of events in 

long-term memory (Schacter, 1987; Stuss, 1987). Squire (1987) stated that "each of the specialized 

functional zones in prefrontal cortex is involved in both the processing and storage of information 

and that each has a short-term or working-memory capacity for the type of information for which 

it is specialized to process" (p. 236). Damage to the frontal lobes does not result in classic 

amnesia, but impairs the organizational control of memory processes (Stuss, 1987). Baddeley 

(1987) and others have suggested that frontal lobe impairment leads to defective functioning of 

the central executive of working memory. Individuals with frontal lobe damage, particularly the 

dorsolateral region, have difficulty organizing methods of memorization and retrieval, analyzing 

novel information. or processing old information in new ways (Stuss, 1987; Stuss & Benson. 1987). 

This working memory impairment may result in encoding and retrieval deficits affecting L TM 

performance. despite a normally functioning limbic system. 

Verbal Memory Functions of the Perisylvian Region 

The perisylvian region of the language dominant cerebral hemisphere (typically the left) 

is thought to process and store verbal memories (Squire. 1987). The maintenance of verbal 

information via the articulatory loop. and the encoding and retrieval of long-term verbal memories 

are dependent upon information processing within the perisylvian region. Damage to the 

perisylvian region. when the limbic structures are spared. does not result in long-term memory 
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impairment like that experienced by amnesic individuals. Individuals with aphasia due to 

cerebrovascular accident in the perisylvian region generally remember to keep their appointments, 

recall new people whom they meet, and establish new memories for events in their lives (McNeil, 

1982; Schuell, Jenkins, Jimenez-Pabon, 1964). Memory impairment associated with aphasia 

includes reduced verbal retention span (Cermak & Moreines, 1976; DeRenzi & Nichelli, 1975), 

reduced verbal learning, and impaired long-term verbal recall (Risse, Rubens, & Jordan, 1984). 

Verbal memory is difficult to study in individuals with aphasia because "language 

performance is the product of both linguistic capacities and of storage and processing capacities 

that are not specifically linguistic in nature" (Zurif, Caramazza, Foldi, & Gardner, 1979, p. 456). 

Nevertheless, research has indicated that the neuroanatomical underpinnings of language and 

mnemonic processes are distinct in some respects (Basso, Spinnler, Vallar, & Zanobio, 1982; 

Ojemann, 1978). Ojemann (1978) demonstrated that electrical stimulation of cortical areas of the 

brain that disrupted language, as measured by object naming, were distinct from the stimulation 

sites that disrupted short-term verbal memory. Ojemann interpreted his findings to suggest that 

within the perisylvian region, language processes, "including generalized word memory, utilize 

areas of the cortex separate from those involved in short-term memory for specific episodic verbal 

material" (Ojemann, 1978, p. 336). 

Several neuropsychological case reports also have demonstrated the dissociation of 

language abilities and short-term verbal memory. Basso, Spinnler, Vallar, and Zanobio (1982) 

reported a case study of an individual with essentially normal language ability, but with severely 

impaired short-term verbal memory. Warrington and colleagues also presented case studies of 

individuals with conduction aphasia who demonstrated verbal memory impairment disproportionate 

to language impairment (Warrington, Logue & Pratt, 1971; Warrington & Shallice, 1969). 

Similarly, DeRenzi & Nichelli (1975) reported two individuals, one with anomic aphasia and one 

with conduction aphaSia, who demonstrated verbal memory impairment that clearly exceeded their 
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language impairment. DeRenzi and NicheUi (1975) emphasized the distinction between the 

language impairment of aphasia and the impairment of verbal memory abilities stating that "the 

verbal short-term memory deficit cannot be disposed of simply [by] labelling it as a trivial 

manifestation of aphasia" (p. 352). 

Memory Impairment Associated with Aphasia 

The initial studies of memory abilities of individuals with aphasia focused upon the 

characteristics of STM, as did early memory research in general. Durational and capacity 

limitations of STM were documented by numerous researchers (Albert, 1976; DeRenzi & NichelIi, 

1975; Goodglass, Gleason & Hyde, 1970; Gordon, 1983). Additional memory research has 

implicated impairment of working memory components, the articulatory loop and the central 

executive control processes (Goodglass, Denes, & Calderon, 1974; Locke & Deck, 1978; Rothi & 

Hutchinson, 1981; Zurif, Caramazza, Foldi, & Gardner, 1979). 

Verhal Memory Span in Individuals with Aphasia 

The reduction of verbal memory span has been a common finding in individuals with 

aphasia (Albert, 1976; Goodglass, Gleason & Hyde, 1970; Gordon, 1983). DeRenzi and Nichelli 

(1975) were among the first researchers to systematically investigate memory span in a large group 

of individuals with unilateral hemispheric lesions. They found verbal memory span for digits and 

pictures to be impaired in individuals with aphasia, regardless of lesion location. Normal control 

SUbjects, and individuals with right hemisphere damage, demonstrated significantly longer verbal 

memory spans than the Broca's, Wernicke's, and global aphasia subtypes in the study. Individuals 

with left hemisphere damage without aphasia were not impaired on the verbal memory tasks. The 

memory span impairment of the subjects with aphasia was shown to be independent of speech 

impairment as evidenced by poor performance on verbal memory tasks that required only a 
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pointing response. 

Several studies confirmed DeRenzi and NicheIli's (1975) findings. Reduced auditory 

retention span was reported by Heilman, Scholes, and Watson (1976) for verbal and pointing 

responses on a digit span task with conduction and Broca's aphasia patients. Cermak and 

Moreines (1976) found that short-term retention of verbal material was more impaired for 

individuals with aphasia than alcoholics, individuals with Korsakoffs disease, or individuals with 

nondominant hemisphere damage. Albert (1976) also reported a general auditory verbal STM 

deficit, and in addition, he found that individuals with aphasia have difficulty sequencing verbal 

material. 

Gordon (1983) reported reduced memory span for binary digits and tonal sequences in 

all aphasia types except transcortical motor and transcortical sensory. On the average, digit span 

was limited to 3 plus or minus 1 items. Individuals with Broca's, Wernicke's, conduction, mixed, 

and global aphasia all exhibited retention spans that were significantly shorter than normal. The 

experimental control exerted by Gordon led him to state that the memory impairment "cannot be 

directly attributed to a generalized disturbance of attention, a failure to comprehend test 
• 

instruction or to deficient articulation" (p. 337). 

Gordon studied subjects' responses relative to the serial position curve, which typically 

reflects superior recall performance as a function of position of an item on a list. On supraspan 

memory tasks, recall by normal SUbjects is better for the early items (primacy effect) and the last 

items (recency effect) compared to the middle items on a list. Gordon found reduced primacy 

effects with both anterior and posterior perisylvian lesions. Recency errors were more likely to 

be associated with posterior lesions located in the inferior parietal lobe, such as the cortex of the 

angular gyrus. 

In general. researchers have suggested that the memory impairment exhibited by 

individuals with aphasia is specific to verbal material (Cermak & Tarlow, 1978). However, several 



23 

studies have documented impairment on nonverbal tasks as well. As previously noted, Gordon 

(1983) found that span deficits were exhibited for tonal sequences as well as digit sequences. 

Ostergaard and Meudell (1984) found that individuals with Broca's aphasia were impaired in their 

memory for sequences of faces. DeRenzi and Nichelli (1975) found that memory for spatial span 

was Significantly affected by a lesion posteriorly located in either the right or left hemisphere, but 

not by the presence of aphasia. Similarly, Chelune and Bornstein (1988) found that subjects with 

left hemisphere damage performed poorly on verbal sub tests of the Wechsler Memory Scale­

Revised (Wechsler, 1988) (WMS-R) compared to subjects with right hemisphere damage, but the 

groups did not differ significantly on the visual and nonverbal subtests of the WMS-R. They 

suggested that SUbjects may employ verbal mediation to assist in performance on the visual 

subtests, and, therefore, performance on those subtests may be sensitive to either visual or verbal 

impairment. In summary, short-term verbal memory impairment has been reported frequently 

in individuals with aphasia. The impairment has been documented with verbal material regardless 

of the modality of presentation, auditory or visual (Butters, Samuels, Goodglass, & Brody, 1970), 

and regardless of response modality, verbal or gestural (DeRenzi & Nichelli, 1975; Heilman, 

Scholes, & Watson, 1976). Whereas it is commonly held that memory impairment associated with 

aphasia is selectively verbal (Cermak & Tarlow, 1978; Squire, 1987), several researchers have 

documented performance deficits with nonverbal stimuli, as well (Gordon, 1983; Ostergaard & 

Meudell, 1984). Deficits on nonverbal tasks are thought to result in part from an inability to use 

verbal mediation to assist in recall. 

Impairment of Articulatory Rehearsal 

Covert verbal rehearsal, made possible by the articulatory loop, is thought to be the 

underlying mechanism that allows individuals to maintain verbal information within consciousness 

(Baddeley, 1987). Several researchers have studied phenomena that define the characteristics of 
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the articulatory loop in normal subjects, and found them to be reduced or absent in individuals 

with aphasia (Cermak and Moreines, 1976; Goodglass, Denes and Calderon, 1974; Martin, 1987; 

Rothi & Hutchinson, 1981) 

Goodglass, Denes and Calderon (1974) investigated the phonological similarity effect on 

verbal memory span in a group of individuals with aphasia undifferentiated for site of lesion or 

aphasia type. As observed in normal subjects, the phonological similarity effect is the decrement 

in verbal memory span when the stimuli are phonologically similar (Conrad, 1964). The 

phenomenon has been interpreted as a reflection of the phonological representation of verbal 

input within STM (Baddeley, 1987; Ellis & Hunt, 1983). Goodglass, Denes, and Calderon (1974) 

presented two sets of pictured stimuli for study followed by a visual recognition task; one set of 

pictured Objects had acoustically similar names (homophones), and the other set were acoustically 

dissimilar (nonhomophones). They found that homophonic words were no more difficult for 

aphasic individuals to remember than non homophonic words. The absence of interference due 

to phonologic similarity suggested that the SUbjects with aphasia failed to establish the 

phonological representation of the words in working memory. 

Heilman. Scholes, and Watson (1976) suggested that the short-term verbal memory 

impairment in conduction and Broca's aphaSia might reflect a failure to verbally rehearse 

information in short-term memory. Locke and Deck (1978) studied the effect of nameablility of 

pictured items on a STM task in which three-word series were to be remembered. Prior to 

memory testing. a confrontation naming task was administered to determine which pictured items 

the SUbjects could name. On a memory test using series of three pictured items, subjects failed 

to show a primacy effect for words that they initially could not name, relative to words that they 

could name. The authors interpreted the results as evidence of verbal rehearsal of nameable items, 

but failure to rehearse items that were not named. The authors also noted overall memory 

performance was impaired to the extent that rehearsal failure was not considered adequate to fully 
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account for the reduction in verbal STM. The authors suggested that additional disturbance of 

memory processes and capacities contributed to the memory impairment. 

Cermak and Moreines (1976) studied the recirculation of verbal material on tasks that 

required phonologic and semantic decision-making. Subjects listened to word lists and raised their 

hands to identify target words under three conditions: 1) when they heard a previously presented 

word (phonological match); 2) when a word rhymed with a prior list item; or 3) when a word that 

came from the same semantic category as a prior list item. In all conditions, the performance of 

the subjects with aphasia declined as the number of words between the target word and its match 

increased. The individuals with aphasia performed more poorly than alcoholics, individuals with 

Korsakofrs disease, and individuals with nondominant hemisphere damage that also were studied. 

In a second experiment, Cermak and Moreines found that when the rate of presentation was 

slowed to a 3-second interval, the subjects with aphasia improved their performance on the 

phonological match and semantic category detection tasks, but not on the rhyming task. They 

concluded that when the task required phonemic recirculation, as in the rhyme detection task, the 

performance of individuals with aphasia was impaired to a greater extent than when rehearsal 

could be based upon semantic features as well. 

Rothi and Hutchinson (1981) designed a study to examine verbal rehearsal in subjects 

with aphasia differentiated by verbal fluency. They proposed that verbal fluency would be a 

relevant factor in the ability to verbally rehearse, and hypothesized that individuals with nonfluent 

aphasia would demonstrate impaired verbal rehearsal compared to individuals with fluent aphasia. 

Rothi and Hutchinson used the Brown-Peterson paradigm (Brown, 1958; Peterson & Peterson, 

1959) in which sets of three verbal stimuli were presented for retention during response delays 

of up to 18 seconds. During some response delays a verbal distraction task was employed, and 

other response delays were unfilled. The authors reasoned that if verbal rehearsal was carried out 

during the delay, then the distraction task would interfere with rehearsal and result in impaired 
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retention. All of the subjects with aphasia demonstrated a reduction in verbal short-term memory, 

but the individuals with fiuent aphasia appeared to make use of verbal rehearsal, whereas the 

individuals with nonfiuent aphasia did not. The individuals with nonfiuent aphasia showed the 

poorest immediate reprOduction of the information (recalling just below 50% of the items), and 

did not demonstrate further loss of information by the introduction of the distraction task. The 

individuals with fiuent aphasia performed belter, but not normally, on the immediate reproduction 

of the verbal information, and showed an interference effect of the distracting task. The results 

were interpreted to suggest that individuals with fiuent aphasia made use of verbal rehearsal 

whereas the individuals with nonfiuent aphasia did not. 

Martin (1987) investigated the performance of individuals with fiuent and nonfiuent 

aphasia on several short-term memory tasks to test the hypothesis that individuals with nonfiuent 

aphasia have a disruption of the articulatory lOop. Martin demonstrated that individuals with 

nonfiuent aphasia failed to demonstrate several of the effects found in normal SUbjects that are 

used as evidence to support the existence of the articulatory lOOp. For example, the individuals 

with nonfiuent aphasia failed to demonstrate the phonological similarity effect when performing 

a letter memory task, a finding consistent with Goodglass, Denes and Calderon (1974). The 

individuals with nonfiuent aphasia also exhibited a smaller word length effect than the individuals 

with fiuent aphasia. That is, the number of syllables of the to-be-remembered words had a greater 

effect on the performance of individuals with fiuent as opposed nonfiuent aphasia. Martin also 

found that individuals with nonfiuent aphasia failed to demonstrate the usual effect of better 

retention for easy-to-articulate words compared to hard-to-articulate words. Within the nonfiuent 

subject group, Martin found no differences in the memory patterns of agrammatic subjects when 

compared with the other individuals with nonfiuent aphasia. Thus, she concluded that all 

individuals with nonfiuent aphasia in the study failed to demonstrate characteristics indicative of 

verbal rehearsal. The SUbjects with fiuent aphasia performed more poorly than the normal subjects 
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on the short-term memory tasks, but not as poorly as the individuals with non fluent aphasia. 

Martin suggested that the individuals with fluent aphasia used rehearsal to maintain verbal 

information within working memory, and their reduced span could be attributed to a slower 

rehearsal rate than normals. 

Impairment of the Phonological Store of Working Memory 

Salame and Baddeley (1982) proposed that verbal information is coded into a phonological 

store in working memory that is separable from the rehearsal mechanism. Several individuals with 

apparent disruption of the phonological store have been described in the literature (Basso, 

Spinnler, Vallar, & Zanobio, 1982; Friedrich, Glenn, & Marin, 1984; Martin, 1987; Martin & 

Caramazza, 1982; Vallar & Baddeley. 1984). The SUbjects failed to demonstrate recency effects 

on verbal memory span tasks, and showed better performance with visual presentation than 

auditory presentation of verbal material. The recency effect has been interpreted as recall from 

a phonologically based store (Shallice, 1975). Normal individuals typically exhibit an advantage 

for recall of auditory over visual presentation of verbal material in the recency portion of the 

serial position curve (CroWder, 1976). The reverse modality effect (i.e. better performance for 

visual than auditory presentation) was interpreted as impaired access to the phonological store via 

auditory input. The individuals with impaired phonological store of working memory also 

demonstrated verbal rehearsal failure, a finding consistent with the working memory model in 

which the phonological store is necessary to refresh the articulatory loop (Vallar & Baddeley, 

1984). The specific impairment of the phonological store was associated with lesions of the 

superior temporal lobe (Martin & Caramazza, 1982) and the temporoparietal region (Basso, et 

aI., 1982). These findings were consistent with Gordon (1983) who found reduced recency effects 

with posterior perisylvian lesions. 
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Impairment of the Central Executive of Working Memory 

Most researchers studying memory abilities of individuals with aphasia have examined 

memory span or the ability to hold subs pan information within consciousness. Relatively few 

researchers have evaluated the encoding and retrieval of information into long-term memory, 

executive functions of working memory. However, some reports exist of information processing 

deficits (or differences) in individuals with aphasia that may be reflective of central executive 

impairment. 

Swinney and Taylor (1971) observed that individuals with aphasia search their memory 

in a qualitatively different manner than normal control subjects. A group of subjects with aphasia 

(undifferentiated by type or lesion location) and control subjects viewed a list of ordered digits, 

and were asked to judge whether a subsequently presented digit had been a member of the 

previously presented string. On some trials, the target digit was a member of the previously 

presented string (yielding a "yes" response), on other trials the target digit was not a member of 

the previously presented string (yielding a "no" response). This procedure was based on the work 

of Sternberg (1966; 1969), who studied recognition search and retrieval from short-term memory 

in normal subjects. Sternberg found that mean latency for recall increased linearly with the 

number of elements in a list, indicating that SUbjects instituted an exhaustive serial search process, 

as opposed to a search that was self-terminated as soon as the target item was recognized. 

Swinney and Taylor examined responses and response latencies of SUbject groups with and without 

aphasia, and found that both groups used a serial search procedure (i.e., latency increased as a 

linear function of memory set size). The individuals with aphasia differed from the control 

subjects in that they were slower to respond and appeared to terminate their search when they 

detected the target digit in the list (i.e., the latency by set size functions were not parallel for "yes" 

and "no" responses), whereas the normal control subjects appeared to search the entire list of 

ordered digits prior to responding (i.e., "yes" and "no" functions were parallel). Interpretation of 
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these findings in the context of the working memory model suggests that the individuals with 

aphasia differed from normal control subjects in the executive control of the search strategy. 

Cermak and colleagues studied the ability of individuals with aphasia due to anterior 

lesions to recirculate and make decisions about list items (Cermak, Stiassny, & Uhly, 1984). In 

an experimental paradigm similar to Cermak and Moreines (1976), subjects listened to lists of 

verbal stimuli under three conditions, and were instructed to detect either word repetitions, 

phoneme repetitions, or rhymes in the list of items. The individuals with aphasia performed well 

on the word and phoneme repetition detection task, but performed poorly on the rhyme detection 

task compared to normal controls and Korsakoffs patients. The rhyme detection task required 

the subjects to hold in their memory and compare the phonological features of the stimulus items, 

whereas the other tasks simply required recognition of a previously presented item, or a semantic 

association. The authors suggested that the verbal memory disorder was not due simply to an 

inability to analyze or recirculate particular features of words, but rather due to an inability to 

cognitively manipulate (that is, retrieve and compare) previously analyzed and stored information. 

This inability was evidenced by their extreme difficulty on a rhyme detection task. Thus, the 

memory impairment in anterior aphasia was depicted as a control deficit, rather than (or in 

addition to) impairment of the articulatory lOOp. 

Another source of evidence of impaired central processing of verbal information came 

from a study by Zurif, Caramazza, Foldi, and Gardner (1979). They found that individuals with 

Broca's and Wernicke's aphasia failed to make use of semantic knowledge about words when 

storing or retrieving verbal information from memory. The stimuli used for the task were selected 

so that some words were exemplars from the same superordinate category (e.g. neck, head) and 

some words were thematically related (e.g. head, cap). Following individual presentation of six 

words and a 30 to 90 second distraction task, a recognition task was administered. SUbjects were 

required to point to the six target words presented among six unrelated foil items. Response 
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order was examined to determine if subjects made use of the semantic relations to assist in recall. 

The results indicated that the SUbjects with aphasia did not make use of the semantic relations 

to organize their responses, whereas the control subjects did. This finding was particularly 

surprising in light of evidence from a study by Zurif, Caramazza, Myerson, and Galvin (1974) that 

demonstrated that individuals with Broca's aphasia were capable of using semantic features to 

accomplish a sorting task. 

Risse, Rubens, and Jordan (1984) examined verbal memory of individuals with aphasia 

using a verbal free recall paradigm. They studied the performance of individuals with aphasia on 

a nine-word list-learning task. Subjects were grouped according to site of neurological lesion. 

An anterior group included ten individuals with lesions of the frontal cortex, deep anterior white 

matter, and the basal ganglia. A posterior group included ten individuals with damage to the 

temporoparietal cortex and subjacent white matter. The subjects were all six months post-onset 

of eVA, and all but one subject were judged to exhibit fluent aphasia at the time of testing. A 

list of nine words was presented orally by the examiner, after which subjects were asked to recall 

them in any order. Subjects were selectively reminded by the examiner of any missed items. This 

procedure was repeated until the subjects were able to recall all nine items or until 10 trials 

elapsed. Risse et al. found that individualS with anterior lesions recalled significantly fewer words 

on the recall task than individuals with posterior lesions. These findings were contrary to the 

authors' initial hypotheses that the posterior language region was most critical for the verbal 

memory task because of its role in auditory language processing and as a cortical memory storage 

site. Although the individuals with posterior lesions started at the same recall level as the 

individuals with anterior lesions on the first recall trial, they demonstrated learning over the trials, 

and by their final trial were not significantly different from the normal controls. All subjects 

performed well on a recognition task of the list items, suggesting that the information had been 

encoded into L TM to some extent. 
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Risse, et al. (1984) also measured short-term memory for digits in their subjects with 

aphasia, and found the performance to be the converse of LTM performance. The individuals 

with aphasia due to anterior lesions did not show a significant impairment in span memory when 

compared to the normal controls, whereas the individuals with aphasia due to posterior lesions 

demonstrated span memory significantly below the individuals with anterior lesions and normal 

controls. Nine of the individuals with anterior site of lesion were classified as fluent at the time 

of testing, six months post-onset of evA. which may account for their relatively high performance 

on the digit span task. 

In analyzing responses on the long-term memory task, Risse and colleagues observed that 

the individuals with aphasia due to posterior lesions and normal controls were more likely to 

organize their responses by semantic category than the individuals with aphasia due to anterior 

lesions. The stimulus items were three words each from three different semantic categories. The 

normal control subjects and individuals with posterior lesions may have employed an encoding 

strategy that simplified the task by "chunking" list items according to semantic category. The 

individuals with anterior lesions apparently failed to use semantic information as an organizational 

strategy on the free recall task, a finding similar to that reported by Zurif and colleagues (1979) 

for sUbjects with Broca's and Wernicke's aphasia. 

Risse, et a!. (1984) interpreted their results to suggest that the neural connections of the 

inferior frontal lobe and the basal ganglia with the medial temporal lobe region may be critical 

to the retrieval of long-term memories. As discussed earlier, the frontal lobe is attributed with 

organizational and control functions that are important not only for retrieval of information from 

L TM, but also contribute to the encoding of information into L TM. Therefore, the poor long­

term memory performance of the individuals with anterior lesions may have reflected impaired 

encoding and retrieval processes, i.e. impairment of the central executive of working memory. 

The subjects with aphasia may have failed to semantically encode the meaning of each list item 
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adequately, an elaboration failure which resulted in limited retrieval cues, or sUbjects may have 

failed to detect inter-item relations that could have been used as an organizational strategy for 

encoding and retrieval. 

Summary 

Taken together, memory research suggests that aphasia may be accompanied by a working 

memory impairment for verbal material. Baddeley (1987) suggested that the components of 

working memory may be differentially impaired, and the aphasia literature offers preliminary 

support of this view. Evidence of impaired articulatory rehearsal has been reported with nonfluent 

aphasia, and a specific impairment of the phonological store was reported for a subgroup of 

individuals with posterior lesions. The central executive functions of working memory have not 

been studied in detail, but the results of several studies suggest that individuals with aphasia 

perform poorly on tasks that require mental manipulations and cognitive processing thought to 

reflect central executive processes (Zurif, et al., 1979). Rubens, Risse, and Jordan (1984) found 

that individuals with aphasia due to anterior lesions performed poorly on a long-term verbal 

memory task. 

Discerning the deficits underlying poor performance on long-term memory tasks is 

difficult because individuals with aphasia have not been studied under controlled conditions of 

semantic encoding and retrieval. Free recall tasks, such as that used by Risse, et al. (1984), have 

been shown to underestimate verbal memory ability when compared to free recall supplemented 

by cued recall (Tulving & Pearlstone, 1966). Thus, poor performance on free recall from long­

term memory may reflect a working memory deficit. 

The present research was designed to examine the nature of memory impairment 

associated with aphasia. Because the Risse, Rubens, and Jordan (1984) study yielded unexpected 

findings, this investigation included a replication of their experimental paradigm, as well as a 
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verbal memory paradigm that employed a semantic encoding procedure followed by free recall, 

cued recall, and recognition tasks. 

Demographically matched groups of individuals with aphasia due to frontal or 

temporoparietal lesions and normal control sUbjects were compared on tests of long- and short­

term memory. Individuals with aphasia due to frontal lobe lesions were predicted to exhibit 

impaired free recall from LTM, but unimpaired performance on cued recall tasks. Individuals 

with aphasia due to temporoparietal lesions were predicted to exhibit relatively unimpaired long­

term verbal memory, in spite of impaired short-term verbal memory. 

Specifically, the following hypotheses were tested: 

Hypothesis 1- Free recall of a word list presented without guided semantic encoding (Verbal 

Memory Test 1) will be significantly impaired in aphasic sUbjects compared to normal control 

subjects, and aphasic subjects with anterior site of lesion will be significantly more impaired than 

aphasic subjects with posterior site of lesion. 

Hypothesis £. Free recall of a word list presented with guided semantic encoding (Verbal Memory 

Test 2) will underestimate the information stored in memory for all SUbject groups when compared 

to performance on total recall (free recall plus cued recall). 

Hypothesis J. Free recall of a word list presented with guided semantic encoding (Verbal Memory 

Test 2) will be significantly impaired in aphasic SUbjects compared to normal control SUbjects, and 

aphasic subjects with anterior site of lesion will be significantly more impaired than aphasic 

SUbjects with posterior site of lesion. 

Hypothesis~. Total recall (free recall plus cued recall) of a word list presented with guided 

semantic encoding (Verbal Memory Test 2) will not be significantly impaired in subjects with 

aphasia regardless of lesion site. 

Hypothesis 2,. Recognition of word lists on both Verbal Memory Tests 1 and 2 will not be 

significantly impaired in aphasic SUbjects regardless of lesion site. 
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Hypothesis~. Verbal memory span, as measured by the WMS·R Digits Forward sublest, will be 

significantly impaired in aphasic subjects regardless of lesion site. 

Hypothesis Z. Visual memory span as measured by the WMS·R Tapping Forward sub test will not 

be significantly impaired in aphasic sUbjects regardless of lesion site. 
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METHOD 

Subjects 

Forty-six individuals who had experienced a left hemisphere eVA and subsequent aphasia 

were tested for this study. Of those individuals, thirty-two did not meet the selection criteria due 

to one or more of the following reasons: extent or location of their brain lesion (n = 21); 

inability to perform the memory tasks (n = 10); inadequate hearing (n = 3); taking antidepressant 

medication (n = 3), or brain scan unavailable (n = 2). (Appendix A specifies the reason for 

rejection for each individual that was excluded from the study.) Fourteen individuals with aphasia 

subsequent to eVA were selected to partiCipate in this study, and serving as normal control 

SUbjects were fourteen individuals with no history of neurological impairment. (Demographic data 

for individual SUbjects are listed in Appendix B.) 

All twenty-eight subjects were native speakers of English and passed screening tests for 

vision and speech discrimination. SUbjects had no history of traumatic brain injury, alcohol or 

substance abuse, pre-existing communication or memory impairment, psychiatric illness or clinical 

depression within the past six months, nor were they taking medications associated with memory 

impairment, such as anticholinergics, antidepressants, or anti psychotics. (See Appendix e for drug 

guidelines. ) 

Vision Screening 

A letter cancellation task was used to screen visual acuity and to detect visual field 

defects. (See Appendix D for Letter Cancellation TaSk.) Subjects were presented a page of 

randomly arranged 6 mm letters and were instructed to circle all of the letter A's. To pass the 

screening, subjects were required to correctly identify at least two "A's" from each of the four 

quadrants on the page. 
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Hearing Screening 

A live speech discrimination task was administered to rule out hearing difficulty in the 

test environment. Eighteen pairs of single syllable words were presented at a conversational 

speaking level, and subjects indicated if the pairs were the same or different words. (See 

Appendix E for Hearing Screening Protocol.) To be included in the stUdy, subjects were required 

to respond with 80% or better accuracy on the task. 

SUbject Characteristics 

The demographic characteristics of the subjects are displayed in Table 1. There were 

no significant group differences for age (p=.3857), years of education (p=.0680), or premorbid 

IQ estimated from a regression equation based on a demographic variables (p=.0791) (Barona, 

Reynolds. & Chastain. 1984). (See Appendix F.) All subjects had normal estimated intelligence. 

Subjects with Stroke and Aphasia 

The stroke patients were right-handed individuals who were neurologically normal prior 

to a single clinically documented cerebrovascular accident to the left hemisphere. The stroke 

patients selected for the study exhibited aphasia as reported by family. physician. or speech­

language pathologist. and received an aphasia quotient less than 95 on the Western Aphasia 

Battery (Kertesz. 1982). SUbjects were at least six months post-stroke at the time of testing. 

CT or MRI head scans were obtained for all subjects with aphasia. The scans were 

examined by a neurologist who quantified the extent of damage to cortical and subcortical 

structures as listed in Table 2. The frontal region was divided into anterior and posterior halves 

by a plane perpendicular to the Sylvian fissure. passing immediately anterior to the anterior horn 

of the lateral ventricles. The temporal gyri were similarly divided by a plane running 

perpendicular to the temporal sulci and intersecting the Sylvian fissure at the anterior border of 
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Table 1. Subject Characteristics 

Mean 

Group Age Ed IQ AQ Post CVA 
(Yrs.) (Yrs.) (Est.) WAB (Yrs.) 

Anterior CV A 
(N = 7) 

M 63.6 11.6 105.1 74.8 4.8 

SO (7.0) (1.8) (6.7) (16.7) (5.9) 

Posterior CV A 
(N = 7) 

M 67.0 13.5 108.6 80.1 2.5 

SO (7.2) (4.5) (11.8) (12.8) (2.7) 

Control 
(N = 14) 

M 68.7 15.3 113.4 

SO (8.6) (3.1) (5.9) 

Note. AQ = Aphasia Quotient; W AB = Western Aphasia Battery. 

Heschl's gyrus. Schematic drawings mapping the area of infarction were made for all subjects with 

aphasia and are displayed in Figures 1 and 2. 

The subjects with aphasia were classified by the neurologist according to the primary site of 

lesion. Only those SUbjects whose scans indicated lesions predominantly in the frontal or 

temporoparietal regions were included in this study. SUbjects with isolated subcortical lesions, 

SUbjects with global left hemisphere damage, and subjects with bilateral hemispheric damage were 

not included. The anterior group consisted of subjects with predominantly frontal lesions, 

including damage to the frontal cortex, rolandic region, insula, anterior deep white matter, and 
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Table 2. Extent of Damage !Q Cerebral StructuJ:§ in Individual Subjects with Stroke and Aphasia 
~ Determined from Head Scan 

Subject 
Aphasia Type 

Lesion Location 

Ant Sup Frontal G 
Ant Mid Frontal G 
Ant Inf Frontal G 
Post Sup Frontal G 
Post Mid Frontal G 
Post Inf Frontal G 
Sup Rolandic - Motor 
Inf Rolandic - Motor 
Sup Rolandic - Sensory 
Inf Rolandic - Sensory 
Caudate Nucleus 
Putamen/Glob Pal 
Thalamus 
Ant Deep White Matter 
Ant Insula 
Post Insula 
Post Deep White Matter 
Sup Parietal L 
Supramarginal G 
Angular G 
Ant Sup Temporal G 
Ant Mid Temporal G 
Post Sup Temporal G 
Post Mid Temporal G 
Occipital Convexity 
Optic Radiation 

SUbjects 
Anterior 

DFMDMN cr HF JB RM 
A A B B A A A 

1 3 2 
2 1 3 2 3 
4 1 3 4 

1 2 3 
1 4 3 4 4 4 
4 1 4 1 4 1 4 
2 3 3 3 3 1 
1 4 4 4 4 1 
3 3 3 2 
3 4 4 4 

1 2 2 2 
3 2 1 2 2 

2 
1 1 4 3 3 3 
2 4 4 2 3 4 

4 4 2 1 
3 3 
1 
1 

Posterior 

JS RT ED CJ GCMR TH 
A WAC A C W 

1 
1 

1 

1 
1 

2 4 2 4 3 
1 4 3 2 

1 3 4 4 4 2 
1 3 4 4 

2 2 1 
1 

4 4 3 4 2 3 4 
2 1 4 3 

1 2 3 

Note. A = Anomic; B = Broca's; C = Conduction; W = Wernicke's; Ant = Anterior; G = 
Gyrus; Glob Pal = Globus Pallid us; Inf = Inferior; L = Lobe, Mid = Middle; Post = 
Posterior, Sup=Superior; - = no damage; 1 = 1-25% of structure damaged; 2 = 26-50% of 
structure damaged; 3 = 51-75% of structure damaged; 4 = 76-100% of structure damaged. 
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Figure 1. Schematic drawings of left 
hemisphere lesions classified as anterior. 
(Black areas indicate cortical damage; 
hatched areas indicate subcortical damage.) 
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hemisphere lesions classified as posterior. 
(Black areas indicate cortical damage; 
hatched areas indicate subcortical damage.) 
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subcortical gray maUer. The posterior group consisted of subjects with predominantly 

temporoparietal lesions including damage to the supramarginal and angular gyri, superior and 

middle temporal gyri, and posterior deep white maUer. 

The anterior group included seven males; the posterior group included five males and 

two females. As indicated in Table 1, the anterior and posterior aphasia groups did not 

significantly differ on the basis of mean aphasia quotient (Anterior = 74.8, Posterior = 80.1; 

p=.5429). The mean time post-onset of aphasia was 4.8 years for the anterior group and 2.5 

years for the posterior group, a difference that was not statistically significant (p=.0773). 

Normal Control Subjects 

Normal control subjects were recruited from senior citizens groups and the family and 

friends of the subjects with aphasia. The control sUbjects were selected so that there were no 

significant group differences in age, education. or estimated I.Q. when compared to sUbjects 

with aphasia. The control group consisted of ten males and four females. 

Procedure 

Subjects were tested individually during two sessions. Two measures of long-term 

verbal memory were administered to examine multitrial verbal learning and recall. One 

protocol, referred to hereafter as Verbal Memory Test 1 (VMT-l), was a replication of the 

verbal memory task used by Risse, Rubens, and Jordan (1984). VMT-l required free recall of 

a nine-word list presented aurally over repeated trials with selective reminding of unrecalled 

items. The second protocol. referred to hereafter as Verbal Memory Test 2 (VMT-2), required 

free recall and cued recall of an eighteen-word list initially presented using a guided semantic 

encoding task. Short-term verbal memory was tested using the Digit Span (Digits Forward) 

Subtest from the Wechsler Memory Scale-Revised (WMS-R). and visual short-term memory 
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was tested using the Visual Memory Span (Tapping FOIward) sub test from the WMS-R. In 

addition to the memory tests, the Oral Language Subtests of the Western Aphasia Battery 

(WAB) were administered to provide a measure of aphasia severity (Aphasia Quotient) and 

categorization of aphasic subjects by aphasia subtype (Kertesz, 1982; Shewan & Kertesz, 1980). 

Verbal Memory Test 1: 
Long-Term Verbal Memory Assessed without Guided Semantic Encoding 

The verbal memory task described by Risse, Rubens, and Jordan (1984), including their 

nine-word list, was administered to study participants. The words are high frequency, concrete 

nouns that were selected from three semantic categories: beverages, clothing, and means of 

transportation. (See word list in Appendix G.) The three words from each semantic category 

began with "b," "c," and "j." The word list was presented aurally at a rate of one word every two 

seconds. Immediately following list presentation, SUbjects were asked to recall as many words 

as possible, in any order. Thereafter, the examiner reminded subjects of omitted words, but did 

not repeat the entire word list unless none of the words were recalled. Subjects again were asked 

to recall the nine-word list, and were selectively reminded of nonreported words. This procedure 

was repeated for 10 recall attempts. A delayed recall attempt (Trial 11) was administered 

following a IS-minute filled interval. 

Responses on the list learning task were judged as instances of short or long term 

memory according to the criteria used by Risse, Rubens, and Jordan (1984) (after Buschke, 1973). 

According to their criteria, words recalled on two successive trials and any trial thereafter were 

defined as recall from long-term memory. Words that were only recalled immediately following 

the initial list presentation or selective reminding were defined as recall from short-term memory. 

Following the tenth free recall trial, an auditory recognition task was presented. A list 

of 20 items was read including the 9 target words and 11 other high frequency concrete nouns (see 
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Appendix G). SUbjects were asked to indicate target words by a hand raise or "yes/no." 

Verbal Memory Test 2: 
Long-Term Verbal Memory Assessed with Guided Semantic Encoding 

Eighteen words were presented for learning in a verbal memory paradigm adapted from 

Grober and Buschke (1987). Easily picturable, common nouns that are exemplars of identifiable 

semantic categories were selected as the stimuli for this study. (See Appendix H for protocol and 

word list.) 1\vo words were selected from each of 18 categories. one of which was designated to 

be the target word. the other a related foil on a recognition task. The 18 target words were 

typically the third most common exemplar listed for those categories included in the Battig and 

Montague category norms (1969). 

Labeled black and white line drawings of Objects were presented on 3" x 12" cards with 

three items per card. Each card was placed in front of the SUbject. who was asked to point to 

and name each drawing (e.g. daisy) in response to its category cue (e.g. flower). Response errors 

on this identification task were corrected by the experimenter. but subjects were required to 

respond correctly to at least 15 of 18 items on the first trial to remain in the study. This criterion 

ensured that all SUbjects exhibited a relatively high level of auditory comprehension. 

After identification was made of the three labeled pictures on each card. the experimenter 

removed the card and an immediate cued recall was elicited for the three items. For example, 

the experimenter asked. "Which one was the flower?" If the subject failed to recall an item in 

response to its category name. the pictured item was re-presented. and an immediate cued recall 

was attempted. If the subject again failed to recall the item, the experimenter stated the cue and 

the target item (e.g. "The flower is the daisy."). A final opportunity at immediate cued recall was 

then attempted. All SUbjects included in the stUdy recalled all pictured items by the third 

opportunity. 

The identification and immediate recall procedures were administered for six cards. until 
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all 18 items were presented. The identification and recall procedures were intended to guide 

subjects' encoding of semantic information for each of the 18 items (Craik & Rabinowitz, 1984; 

Grober and Buschke, 1987). The identification task demonstrated the subjects' comprehension 

of the target items. Additionally, the immediate cued recall demonstrated that subjects encoded 

the items, understood the recall task, and were capable of verbally producing all 18 target words. 

After ail 18 target words were presented for identification and immediate cued recall, 

subjects performed a 30-second counting task to serve as a distraction. Subsequently, a free recall 

task was administered for the 18 words. SUbjects were asked to list as many of the items as 

possible, in any order. The experimenter provided a minimum of two and a maximum of four 

minutes for the task, and terminated the task if 60 seconds passed without a response. Any of 

the 18 items that were not recalled were cued by the experimenter using the semantic category. 

For example, if a SUbject failed to recall the daisy, the experimenter asked, "Which one was the 

flower?" If a SUbject did not recall the item in response to its cue, the experimenter provided a 

reminder, e.g. "The flower was a daisy." The SUbject repeated the item name following this 

selective reminding procedure to demonstrate understanding. 

The free recall and cued recall procedures were administered three times. Each recall 

attempt was preceded by the distraction task (counting). A final free recaJl and cued recall trial 

were given after the fifteen-minute delay, during which the Spontaneous Speech Subtest of the 

W AB was administered. 

A recognition task was administered after the delayed recall trial. Items were presented 

individually on 3" x 5" cards; 9 of the 18 items were tested in picture form and the other 9 items 

were tested in written form. Both pictured and written stimuli were used in order to detect 

possible differences in recognition memory that were dependent upon stimulus modality. The 

9 pictured items were presented with 18 additional pictures, 9 of which were semantic foils and 

9 of which were unrelated foils. The written words were Similarly presented in random order 
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along with 18 foils, 9 semantically related, and 9 unrelated. Presentation of items in pictured 

and word form was counterbalanced across subjects. Subjects were asked to recognize if a 

presented item was one of the words from the memory list by indicating "yes" or "no." 
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RESULTS 

Long-Term Memory Performance 

Verbal Memol)' Test 1: 
Long-Term Verbal Memol)' Assessed without Guided Semantic Encoding 

The mean group performances on repeated trials of Verbal Memory Test 1 (VMT-l) are 

presented in Figures 3 and 4. Figure 3 shows the total number of words recalled from the nine-

word list, which included words that were recalled with and without reminding. As described 

previously, an index of recall from long-term memory was obtained for each recall trial by totaling 

the number of words recalled without reminding. Figure 4 depiCts long-term memory recall over 

repeated trials, beginning at Trial 2, which was the first opportunity for SUbjects to recall list 

items without reminding. Figure 4 also includes performance on a delayed recall trial (Trial 11), 

presented following a fifteen minute interval filled with other task performance. 

The total number of words recalled on VMT-l was analyzed using a mixed design analysis 

of variance, with groups as the between subjects variable and repeated measures as the within 

subjects variable. As indicated in Table 3, significant main effects were observed for group 

(p<.OOOI) and trials (p<.OOOI). Post hoc analyses were performed using Bonferroni contrasts 

(Neter & Wasserman, 1974) with alpha set at .008 (.05 divided by 6 contrasts) to compare group 

performances on Trials 1 and 10 of VMT-l. On Trial 1, anterior and posterior aphasia groups 

recalled significantly fewer words compared to the normal control group. On trial 10, the anterior 

aphasia group recalled significantly fewer words than the posterior aphasia group and normal 

control group. and the posterior group recalled significantly fewer words than the control group. 

The learning curves depicted in Figure 3 show that the two aphasia groups performed 

similarly on the first trial. both groups recalling significantly fewer words than the normal control 

group. Over the repeated trials. however, the control group and the posterior aphasia group 

exhibited similar learning curves, each group exhibiting a mean gain of approximately four more 
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Figure ~. Mean group performance indicating total number of words recalled on Verbal Memory 
Test 1, a multitrial nine-word list learning task. (Vertical bars represent one standard error of 
the mean.) 
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Figure ~. Mean group performance indicating number of words recalled from long-term memory 
on Verbal Memory Test 1, a multitrial nine-word list learning task. (Note that a 15 minute delay 
was imposed between Trials 10 and 11. Vertical bars represent one standard error of the mean.) 
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Table 3. Analysis of Variance for Group Performance .Q!l Verbal Memory Test! (VMT-ll and 
Verbal Memory Test ~ CVMT-2) 

SUbject Repeated Interaction 
Group Trials (Group x Trials) 

Measure F df P F df P F df P 

VMT-l 
Total Recall 33.74 2 .0001'" 24.32 9 .0001'" 1.36 18 .1517 
LTM Recall 23.28 2 .0001'" 38.26 9 .0001'" 4.16 18 .0001'" 

VMT2 
Free Recall 23.60 2 .0001'" 26.49 3 .0001'" 3.66 6 .0030'" 
Total Recall 9.46 2 .0009* 7.37 3 .0002'" 0.83 6 .5535 

'" Significant at p<.05. 

Table 4. Post-Hoc Comparisons of Subject Group Performance .Q!l the First and Last Trials of 
VMT-l (Total Recall and LTM) and VMT-2 (Free Recall and Free+Cued Recall) 

VERBAL MEMORY TEST 1 VERBAL MEMORY TEST 2 
Recall Recall 

Total LTM Free Free+Cued 

Trial # 1 10 2 11 1 4 1 4 
Group 

Anterior CVA '" "'+ * "'+ "'+ *+ "'+ "'+ 
Posterior CV A '" '" '" '" 

'" Significantly fewer words recalled compared to Control (p<.008). 
+ Significantly fewer words recalled compared to Posterior CVA (p<.008). 
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words recalled on Trial 10 compared to Trial 1. In contrast, the anterior aphasia group exhibited 

a modest upward slope of the learning curve, exhibiting a mean gain of approximately 2 more 

words recalled on Trial 10 compared to Trial 1. 

The recall from long-term memory on VMT-I was analyzed using a mixed design 

ANOV A, with groups as the between subjects variable and repeated trials as the within subjects 

variable. As displayed in Table 3, significant main effects were observed for group (p<.OOOI) and 

trials (p<.OOOI), and a significant group by trials interaction (p<.OOOI) was obtained. Post hoc 

comparisons were made to compare group performances on the first and last measures of long­

term memory using Bonferroni contrasts with alpha set at .008. On Trial 2, the anterior and 

posterior aphasia groups recalled significantly fewer words compared to the normal control group. 

On delayed recall (Trial 11), the anterior group recalled significantly fewer words than the control 

group and the posterior aphasia group. The posterior aphasia group did not differ significantly 

from the control group on delayed recall (Trial 11). As displayed in Figure 4, none of the three 

groups exhibited a decline in recall performance following the 15 minute delay. The normal 

control group maintained their performance near ceiling. The posterior aphasia group increased 

their mean recall by 0.7 items, and the anterior group increased their recall by 0.3 items. 

The relationship among learning curves in Figure 4 is similar to that observed in Figure 

3 in that the two aphasia groups both performed below the control group on the first long-term 

memory recall trial, and the posterior and control groups increased the number of words recalled 

from long-term memory on the successive trials. The anterior aphaSia group exhibited only a 

modest increase in the number of words recalled on Trials 10 and 11 compared to Trial 2. 

Mean group performance on the recognition task for VMT-I is displayed in Table 5. 

An analysis of variance yielded no significant group differences on the recognition task (p=.2294). 
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Verbal Memory Test 2: 
Long-Term Verbal Memory Assessed ~ Guided Semantic Encoding 

The labeled, pictured stimuli for VMT-2 were initially presented in a three-choice auditory 

comprehension task. All subjects responded correctly on this pOinting task, except for one error 

by a subject in the anterior aphasia group (HF) and a SUbject in the control group (DD). 

SUbjects were required to name the pictured item as they pointed. Two of the subjects in the 

anterior aphaSia group made production errors on the first attempt at the naming task (MN = 

two errors; cr = three errors). Following the presentation of three stimuli, the immediate cued 

recall task was administered. All subjects responded correctly by the third immediate recall trial. 

All control SUbjects responded correctly on the first trial; three anterior and four posterior aphasia 

subjects required two recall attempts on up to four items; one anterior and one posterior aphaSia 

SUbjects required three recall attempts on one item. 

The mean number of words free recalled by each group on the verbal memory test with 

guided semantic encoding (VMT-2) is displayed in Figure 5. As described previously, each free 

recall trial was followed by cued recall trials for items not free recalled. Figure 6 displays the 

mean total recall scores derived by adding free recall plus cued recall scores. 

The free recall performance was analyzed using a mixed design ANOVA, with groups as 

the between subjects variable and repeated trials as the within subjects variable (Table 3). 

Significant main effects were observed for group (p<.OOOl) and trials (p<.OOOl), and a significant 

group by trials interaction (p<.0030) was observed. Post hoc comparisons were made using 

Bonferroni contrasts with alpha set at .008 to compare groups on the first and last recall trials. 

As shown in Table 4, the anterior aphasia group free recalled significantly fewer words than the 

posterior and control groups on Trial 1. On Trial 4, the delayed free recall trial, the anterior and 

posterior groups recalled significantly fewer words than the control group, and the anterior group 

recalled significantly fewer words than the posterior group. Similar to VMT-l, recall performance 
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Figure 2.. Mean group performance indicating number of words free recalled on Verbal Memory 
Test 2, a multi trial eighteen-word recall task using guided semantic encoding. (Note that a 15 
minute delay was imposed between Trials 3 and 4. Vertical bars represent one standard error of 
the mean.) 
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Figure Q. Mean group performance indicating total number of words recalled (free recall + cued 
recall) on Verbal Memory Test 2, a multi trial eighteen-word recall task using guided semantic 
encoding. (Note that a 15 minute delay was imposed between Trials 3 and 4. Vertical bars 
represent one standard error of the mean.) 
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did not decline following the 15 minute delay. The control, posterior, and anterior groups 

increased their recall by 0.6, 0.4, and 0.3 items, respectively, on Trial 4 relative to Trial 3. 

Figure 5 shows that the posterior and control groups performed similarly on the first two 

free recall trials of VMT-2, recalling a mean of 8.1 and 9.1 words, respectively, on Trial 1. Both 

groups exhibited improved performance over the four recall trials, but the control group displayed 

greater gains on the last two recall trials in comparison to the posterior group, resulting in group 

means of 12.4 and 14.6 words on Trial 4. The anterior aphasia group showed relatively little 

learning of the list over the four trials, with mean recall of 4.3 and 5.7 words on Trials 1 and 

4, respectively. 

Group comparisons for the total recall (free + cued) scores were made using a mixed 

design ANOVA, with groups as the between subjects variable and repeated trials as the within 

subjects variable. As depicted in Table 3, significant main effects were observed for group 

(p<.OOO9) and repeated trials (p<.OOO2). Post hoc comparisons using Bonferroni contrasts with 

alpha set at .008 were made to compare group performance for total recall on Trials 1 and 4. 

As shown in Table 4, the anterior group recalled Significantly fewer words than the posterior and 

control groups on Trials 1 and 4. 

As depicted in Figure 6, performance of the posterior aphasia group and the normal 

control group on total recall (free+cued) were similar to one another, both groups recalling all 

or almost all of the words. Both groups performed consistently better than the anterior aphasia 

group. 

Mean performance on the recognition test in pictured and written form is displayed in 

Table 5. A mixed design ANOVA with groups as the between subjects variable and stimulus type 

as the within subjects variable revealed a significant effect for stimulus type (p<.0013), favoring 

better recognition of written versus pictured stimuli. No significant effects were obtained for 

group (p=.0664), or the group by stimulus type interaction (p=.1439). 
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Table 5. Mean recognition ~ Q!l VMT-l and VMT-2. 

VMT-l VMT-2 
Picture Written 

Group M SO M SO M SO 

Anterior 19.57 (1.34) 25.86 (1.22) 26.57 (0.79) 

Posterior 20.00 (0.00) 26.43 (0.98) 27.00 (0.00) 

Control 20.00 (0.00) 26.79 (0.43) 26.93 (0.27) 

Total 
Possible 20.00 27.00 27.00 

Subjective Organization of Free Recall 

In order to explore the use of organizational strategies to assist free recall. word 

order was examined for adjacent recall trials on VMT-l. The degree of output consistency on the 

multi trial task provides an index of the extent to which an organizational strategy was maintained 

from one trial to the next (Tulving. 1962). A bidirectional measure of intertrial repetition. 

referred to as pair frequency (Sternberg & Tulving. 1977). was calculated for each pair of adjacent 

free recall trials on VMT-l (Trials 1 and 2. Trials 2 and 3 ..... Trials 9 and 10). Pair frequency 

is the difference between the observed number of word pairs recalled on two adjacent trials and 

the expected number of word pairs. as indicated in the following equation: 

PF = O(ITR2) - E(ITR2) = O(ITR2) -
2c(c-l) 

hk 

where PF is pair frequency. O(ITR2) is the number of pairs recalled on Trials t and t + 1 in 

adjacent output positions in either of two possible orders. E(ITR2) is the expected number of 

pairs of items. c is the number of common items recalled on both Trials t and t + 1. h is the 
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number of items recalled on Trial t, and k is the number of items recalled on Trial t+ 1. 

Mean pair frequency values were calculated for each sUbject group and are presented 

graphically in Figure 7. The normal control group exhibited an increase in pair frequency over 

the repeated trials, reflecting increasingly stereotyped list organization. The anterior and posterior 

aphasia groups exhibited mean pair frequencies close to zero over the first seven recall trials, 

reflecting little use of subjective list organization. Pair frequencies for Trials 8-9 and 9-10 showed 

divergence of the two aphasia groups. The posterior group exhibited increasing pair frequency 

over the last two recall trials, whereas the anterior group continued to show little use of list 

organization. 

For exploratory purposes, pair frequency values were analyzed using a mixed design 

ANOVA with groups as the between subjects variable and repeated trials as the within subjects 

variable. Significant main effects were observed for groups (p<.OOO3) and repeated trials 

(p<.0348), and the groups by repeated trials interaction was significant (p<.0218). However, the 

results must be interpreted cautiously due to the greater variability of the aphasia groups 

compared to the control group and the increased variability within groups over the repeated trials, 

calling into question the validity of the homogeneity of variance assumption. Due to the variance 

problem, post hoc comparisons were made using Welch's approximate t-test for samples with 

unequal variance. Mean pair frequencies for each group were compared on the first and last 

intertrial comparisons (Trials 1-2 and 9-10) with alpha set at .008. There were no Significant 

group differences on the first intertrial comparison (Trials 1-2): anterior compared to control 

group, p=.1871; posterior compared to control group, p=.5237; anterior compared to posterior 

group, p=.1878. On the last intertrial comparison (Trials 9-10), the pair frequency for the control 

group was significantly higher than the anterior group: anterior compared to control group, 

p=.0020; posterior compared to control group, p=.5237; anterior compared to control group, 

p=.0133. 
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Figure 1. Mean pair frequency scores for sUbject groups determined by consistency of word order 
for all adjacent recall trials on Verbal Memory Test 1. (Vertical bars represent one standard error 
of the mean.) 
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In addition to sUbjective organization, self-cuing is another possible retrieval strategy. An 

index of self-cuing was not available, but some subjects overtly demonstrated the process during 

free recall by stating, for example, "There was a fruit, oh yes, the pear." 

Short-Term Verbal and Visual Memory 

The mean raw scores for each group on the Digits Forward and Tapping Forward sub tests 

from the Wechsler Memory Scale-Revised (Wechsler, 1988) are indicated in Table 6. The raw 

score values for the anterior, posterior, and control groups represent digit spans of approximately 

4-5 digits, 3 digits, and six digits, respectively. The raw score values for the Tapping Forward 

subtest represented visual spans of approximately 5 to 6 items for all three groups. An analYSis 

of variance was performed for each subtest to compare group performance. A Significant group 

effect was obtained for Digits Forward (p<.OOOl), but not for the Tapping Forward subtest 

(p=.5956). Post hoc group comparisons were performed for the Digits Forward subtest using 

Bonferroni contrasts with alpha set at .017 (.05 divided by 3 contrasts). The anterior and 

posterior aphasia groups exhibited a significantly shorter digit span than the control group, and 

the posterior group exhibited a significantly shorter digit span than the anterior group. 

Table 6. Mean Raw Scores Q!l Sub tests from the Wechsler Memory Scale-Revised 

Subtest 

Digits Forward Tapping Forward 
Group M (SO) M 

Anterior 4.7 ... (2.4) 8.3 
Lesion 

Posterior 2.3 *+ (1.4) 7.7 
Lesion 

Normal 7.9 (1.4) 8.5 
Control 

... Significantly different from normal control group (p<.OOl). 
+ Significantly different from anterior lesion group (p<.013). 

(SD) 

(0.9) 

(1.8) 

(1.8) 
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Language Performance 

The language abilities of the sUbjects with aphasia were assessed using the Oral Language 

Portion of the Western Aphasia BatteI)' (W AB). As reported previously, the groups did not differ 

significantly with regard to aphasia severity as indexed by the Aphasia Quotient derived from the 

W AB' Subjects were also ciassified according to aphasia type based on their performance on the 

W AB' Of the seven subjects with anterior lesions, five were classified as Anomic and two were 

classified as Broca's Aphasia. Of the seven sUbjects with posterior lesions, three were classified 

as Anomie, two were classified as Conduction, and two were classified as Wernicke's Aphasia. 

In summary, 12 of the 14 individuals with aphasia were considered fluent at the time of testing, 

and two were considered nonfluent. 

The mean group performances on the Oral Language Subtests from the WAB are 

displayed in Table 7. T-tests were performed to compare the anterior and posterior aphasia 

groups on each WAB sub test. Of the ten subtests, only the Content Rating for Spontaneous 

Speech and the responses to Yes/No Questions yielded significant differences. The anterior group 

received a significantly lower Content Rating than the posterior group (p<.0271), and the 

posterior group had significantly fewer correct responses to the Yes/No Questions (p<.0120). 

Relations Between W AB Subtests and Memory Tests 

Exploratory analyses were performed to examine the relations between the language and 

memory scores obtained for the fourteen subjects with aphasia. First order correlations were 

calculated for the ten WAB Subtests, the Aphasia Quotient, and years post-onset of eVA in 

relation to three summary scores from the VM tests. The summary scores were simply the mean 

number of words recalled over the repeated trials for each subject for the following measures: 1) 

VMT-l Total Words Recalled, 2) VMT-l Words Recalled from Long-Term Memory, 3) VMT-2 

Words Free Recalled. 
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As displayed in Table 8, the W AB subtest scores were not strongly correlated with 

performance on the LTM tests. The only bivariate correlation that reached significance was the 

relationship between the Word Fluency Subtest and the VMT-2 Words Free RecaJled (r=.S3; 

p<.0499). (The Word Fluency Subtest requires subjects to name as many animals as they can in 

one minute.) The bivariate correlations between the Aphasia Quotient and the three VMT scores 

were not significant, nor were the bivariate correlations between the number of years post-onset 

of eVA and the memory test scores. 

First order correlations were also calculated for the WAB Subtests, AQ, and years post­

onset of eVA in relation to the WMS-R Digits Forward raw score. As expected, Table 8 shows 

that the bivariate correlation was the strongest between digit span and the Repetition subtest of 

the WAB (r=.66; p<.OO9). Additionally, the correlations with Sentence Comprehension and Word 

Recognition were significant (r=.SS; p<.042 for both). The correlations between digit span and 

Naming and Command Following were moderately strong (r=.S3 for both), but did not reach 

significance at the p< .05 level. 

A stepwise multiple regression analysiS was performed to further explore the predictive 

value of the W AB subtests in relation to VMT-2 free recall performance. Results of the 

regression analyses are summarized in Table 9. Word Fluency was the best predictor of VMT-

2 Free Recall (Rz =.28). Repetition and Information Content were the only other subtests that 

contributed significantly to the regression equation. Collectively, the these three sub tests 

accounted for 77% of the total variance of VMT-2 Free Recall. 

Table 10 displays the results of a stepwise multiple regression analysis exploring the 

predictive value of the W AB subtests in relation to the Digits Forward performance. The 

Repetition Subtest was the best predictor of performance on the WMS-R Digits Forward Subtest 

(Rz =.44). With the addition of Fluency and Information Content, the mociel accounted for 66% 

of the total variance of the Digits Forward raw scores. 
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Reliability 

All verbal responses were tape recorded during the testing sessions. The investigator 

scored responses during testing, and confirmed scoring accuracy by listening to the tape recordings 

of all sessions, and correcting any errors. In addition, the responses of six subjects were randomly 

selected for the purpose of performing interrater reliability checks of the scoring of the verbal 

memory tests. Two individuals scored verbal responses from audiotape for VMT-1, VMT-2, and 

WMS-R Digits Forward. The total number of correct responses was compared to the totals 

obtained by the investigator for each trial, and because list organization was of interest, agreement 

was also determined for the order in which words were recalled. 

On VMT-1 free recall, 201 out of 201 responses were in agreement, yielding 100% 

reliability for total number of words recalled per trial. With regard to word order, 199 out of 201 

responses were in agreement, yielding 99% agreement. On VMT-2 free recall, 114 out of 114 

responses were in agreement, yielding 100% reliability for total number of words recalled per trial. 

With regard to word order, 113 out of 114 responses were in agreement, yielding 99% reliability. 

On WMS-R Digits Forward, 34 out of 34 responses were in agreement. In summary, responses 

on the verbal memory tests were scored with a high degree of interrater reliability. 
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Table 7. Mean Performance of Anterior and Posterior Aphasia Groups Q.!l the Western Aphasia 
Battery 

Group Mean 
t-test 

Anterior Posterior p value 
Subtest (Total Possible) 

Spontaneous Speech 
1. Information Content (10) 7.71 9.14 .0271* 
2. Fluency (10) 5.71 8.71 .1053 

Comprehension 
3. Yes-No Questions (60) 58.71 55.29 .0120* 
4. Auditory Word Recognition (60) 57.57 56.00 .2701 
5. Sequential Commands (80) 66.00 51.29 .3827 

Repetition 
6. Repetition (100) 7.60 6.64 .8785 

Naming 
7. Object Naming (60) 48.57 47.86 .. 8868 
8. Word Fluency (20) 7.14 9.71 .7460 
9. Sentence Completion (10) 8.00 7.57 .5212 

10. Responsive Speech (10) 9.00 8.86 .6428 
Aphasia Quotient (100) 74.82 80.06 .5429 

* Significant at p<.OS. 
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Table 8. Correlations Between Each WAB Subtest, Aphasia Quotient. and Years Post-Onset of 
eVA and Three Composite Memory Scores and WMS-R Digits Forward Raw Score 

Pearson r 

VMT-l VMT-l VMT-2 WMS-R 
Total LTM Free Digits 

WAB Subtest 
Information Content .2634 .4389 .2421 .2822 
Fluency .2057 .1757 .3428 -.0339 
Yes-No Questions -.2281 -.4191 -.4108 .4721 
Auditory Word Recognition -.0142 -.1789 -.2530 .5483· 
Sequential Commands -.2160 -.2581 -.3291 .5291 
Repetition -.1830 -.3099 -.3166 .6654· 
Object Naming -.0471 -.0782 -.0354 .5310 
Word Fluency .4000 .3784 .5327· .0870 
Sentence Completion -.0166 -.1276 -.1473 .5502* 
Responsive Speech .0650 .0585 .0474 .4510 

Aphasia Quotient .0596 -.0217 .0829 .4638 
Years Post eVA .0855 .1164 .1932 .4638 

Note. Total = total words recalled; L TM = words recalled from long-term memory; Free = 
words free recalled. 
• Significant at p<.05 

Table 9. Result of Stepwise Multiple Regression Analysis Using Western Aphasia Battery Subtest 
Scores to Predict Verbal Memory Test 6 Free Recall Scores 

Step Subtest Total RI Significance 

1 Word Fluency .28 p=.0499 
2 Repetition .57 p=.0202 
3 Information Content .77 p=.0137 

Table 10. Result of Stepwise Multiple Regression Analysis Using Western Aphasia Battery Subtest 
Scores to Predict WMS-R Digits Forward Raw Score 

Step Subtest Total RI Significance 

1 Repetition .44 p=.OO94 
2 Fluency .60 p=.0579 
3 Information Content .69 p=.1l46 
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DISCUSSION 

The results from this study support the Risse, Rubens, and Jordan (1984) findings of a 

dissociation of short and long-term verbal memory abilities in aphasic individuals with anterior 

and posterior sites of lesion in the left cerebral hemisphere. Whereas the anterior aphasia group 

exhibited greater impairment on the long-term verbal memory tasks, the posterior aphasia group 

exhibited greater impairment on the short-term verbal memory task (digit span). The dissociation 

was incomplete, however, in that the posterior aphasia group exhibited some impairment of long­

term memory performance, and the anterior aphasia group exhibited some reduction of short­

term verbal memory. Nonetheless, greater impairment of long-term memory clearly was associated 

with frontal damage, and conversely, greater impairment of short-term memory clearly was 

associated with temporoparietal damage~ 

Long-Term Memory Performance 

Factors influencing performance on the LTM tests include auditory perception of the word 

list, degree of semantic encoding of list items, and enactment of organizational and retrieval 

strategies. Deficiencies in any of these processes might contribute to a poor performance. The 

guided semantic encoding procedure of VMT-2 ensured that SUbjects perceived and encoded the 

list items, and associated each word with a semantic category. VMT-l relied upon self-directed 

encoding strategies and did not allow for immediate confirmation of correct auditory processing. 

The anterior aphaSia group consistently performed poorly on free recall on VMT-l and VMT-2, 

regardless of the differences in task demands. The posterior aphasia group, however, performed 

similarly to the anterior aphasia group on the initial trials of VMT-l, but performed Similarly to 

the normal control group on the initial trials of VMT-2. These differences suggest that reduced 

auditory perception or comprehension may have contributed to the task difficulty of VMT-l for 

the posterior aphaSia group to a greater extent than for the anterior aphasia group. This 
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interpretation is supported by the observation that the posterior group's performance on the Yes· 

No Questions subtest of the WAB, an auditory comprehension task, was significantly inferior to 

the anterior group. 

Free recall of long lists is thought to require self·directed organizational and retrieval 

strategies, such as grouping list items together or self-cuing. Over the repeated reca)) trials of 

VMT-l, the posterior aphasia group steadily increased the number of words recalled, and the pair 

frequency analysis revealed an increase in subjective organization of the list during the last two 

recall trials. Thus, the posterior aphasia group appeared capable of using retrieval strategies and 

improving verbal recall, albeit at a slower pace compared to the control group. In contrast, the 

anterior aphasia group demonstrated little increase in recall over the repeated trials, and the pair 

frequency analysis revealed essentially no use of consistent subjective organization. This 

performance was consistent with the hypothesis that individuals with aphasia due to anterior 

damage exhibit an impairment of the cognitive processes that guide free recall, i.e., a central 

executive deficit (Baddeley, 1987). 

It is interesting to note that none of the subject groups exhibited forgetting of the list 

items on the delayed recall trials on VMT-1 (Trial 11) or VMT-2 (Trial 4). Recall performance 

was either maintained or improved following the 15 minute delay. Improved performance over 

time is interpreted as reflecting consolidation of LTM. Consolidation refers to the idea that 

"memory storage does not occur instantaneously but instead develops gradually after initial 

learning" (Squire, 1987, p. 204). The greatest improvement in recall was achieved by the posterior 

group on VMT-l Trial 11 in relation to Trial 10. The consolidation process may have been 

facilitated by increased use of semantic and phonological organization strategies that were readily 

available for the nine·word list that represented exemplars from three semantic categories and 

began with three different phonemes. 
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Cued recall tasks do not require the same reliance on working memory as do free recall 

tasks because the cue itself serves as a guide to retrieval. All SUbjects recalled more list items 

with cued recall than free recall, confirming the prediction that free recall underestimates the 

information stored in long-term memory (Tulving & Pearlstone, 1966). The posterior aphasia 

group performed similarly to the normal control group on cued recall, demonstrating that 

essentially all of the list items from VMT-2 were available in LTM. The anterior aphasia group 

demonstrated dramatic improvement on cued recall, in comparison with free recall, but was still 

impaired on cued recall when compared to the other groups. Significant rer.all failure in response 

to the cue was unanticipated. The cued recall failures may indicate that the anterior group did 

not consistently use all of the semantic information available to guide recall. Zurif, Caramazza, 

Foldi, and Gardner (1979) similarly found that individuals with Broca's aphasia failed to utilize 

conceptual links between words to assist in recognition of a word list, whereas Zurif, et al. (1974) 

demonstrated that Broca's aphasics were able to sort words on the basis of conceptual features. 

These findings implicate the executive control necessary to guide retrieval rather than the loss of 

semantic knowledge. 

All subject groups performed well on the VMT-l and VMT-2 recognition tasks, 

confirming that the list words were encoded to some extent. Although labeled, pictured stimuli 

were shown during the initial stimulus presentation for VMT-2, recognition performance was 

better for the written words than the pictured stimuli. The repeated free recall and cued recall 

did not employ the use of pictured stimuli, so the specific pictured representation was not 

reinforced over the repeated trials. Thus, by the last recall trial, the written word served as a 

more easily recognized, generic representation of the list item than the picture, even in those 

SUbjects with aphasia. 
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Impairment of !J:!£ Central Executive 

The poor performance of the individuals with anterior lesions is interpreted as an 

impairment of the central executive component of working memory. That is, the individuals with 

anterior lesions were deficient in the enactment of successful LTM encoding and retrieval 

strategies. This interpretation is consistent with neuropsychological evidence from nonaphasic 

individuals with frontal lobe lesions who have been shown to have difficulty in planning, 

organization, attention, and problem solving (Luria, 1966; Milner & Petrides, 1984; Schacter, 1987; 

Stuss & Benson, 1987). Specifically, Petrides and Milner (1982) found that individuals with 

excisions within the left frontal lobe, excluding Broca's area, were impaired on verbal and 

nonverbal long-term memory tasks that required a self-ordered recall strategy. Conversely, patients 

with temporal lobe excisions that spared the hippocampus were unimpaired on the LTM tasks. 

Similarly, Jetter and COlleagues (1986) found that nona phasic subjects with uni- or bilateral frontal 

lobe damage performed poorly on a delayed verbal free recall task compared to SUbjects with 

postrolandic lesions, whereas group differences did not exist in recognition and cued recall 

conditions. Jetter, et al. interpreted the memory deficit as a reduced ability to generate 

appropriate retrieval cues as well as a reduction of attentional capacities necessary to direct free 

recall. 

Lesion Location in Relation to Executive Functions 

The brain regions damaged by cerebrovascular accident in the anterior aphasia group were 

the rolandic region, Broca's area, premotor cortex, dorsolateral aspect of the prefrontal cortex, 

insular cortex, anterior deep white matter, the basal ganglia and thalamus. The dorsolateral 

prefrontal area is the cortical region that has been associated with the "directive, organizational 

controlling role in the process of memory" (Stuss & Benson, 1987). This region consists of the 

frontal cortex anterior to the premotor region (Brodmann Area 6), and does not include the 
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mesial or orbito-frontal surfaces (Damasio, 1985). The seven subjects with anterior lesions had 

damage throughout the lateral convexity of the frontal lobe. Other than Broca's area (posterior 

inferior frontal gyrus), the most commonly lesioned area was the posterior middle frontal gyrus. 

Six of the seven subjects had cortical damage in that region, and the seventh SUbject (CT) had 

subcortical damage immediately deep to the posterior middle frontal gyrus. It is argued that the 

extension of the anterior aphasia-producing lesions into this dorsolateral prefrontal region is 

responsible for the impaired executive control resulting in poor LTM performance. 

The prefrontal cortical region has been shown to have functional neuronal circuitry 

connected to the basal ganglia that is thought to be involved in cognitive operations (Alexander, 

DeLong, & Strick, 1986; DeLong & Georgopoulos, 1981). Recent research on individuals with 

Parkinson's disease, for whom this striato-frontal circuit is disrupted, demonstrated selective 

deficits in verbal free recall and certain types of skill learning thought to be dependent upon the 

integrity of the prefrontal cortex and its functional/anatomical connections (Bondi & Kaszniak, 

1989). In the present stUdy, four of the subjects with anterior lesions had damage to the caudate 

nucleus, and five subjects had damage to the putamen or globus pallidus. Additionally, six of the 

seven SUbjects had anterior deep white matter lesions that may have interrupted cortico-striatal 

connections. Damage to the dorsomedial nucleus of the thalamus also has been associated with 

LTM impairment (Squire, 1987), however, only one SUbject in this study had discernable thalamic 

damage. 

In summary, the poor performance of the anterior aphasia group in this study is 

interpreted as a consequence of eVA involving frontal branches of the middle cerebral artery 

causing infarction of the dorsolateral aspect of the prefrontal cortex, and may additionally reflect 

damage to the basal ganglia and its prefrontal connections. Further research on individuals with 

isolated basal ganglia or thalamic lesions will help to clarify the contribution of the subcortical 

structures to memory performance. 
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Short-Term Memory Performance 

Performance of the aphasia groups on the short-term memory tasks indicated selective 

impairment on the digit span task when compared to the visual memory task. These findings are 

consistent with previous studies demonstrating specific STM impairment for verbalizable stimuli 

in individuals with aphasia (Cermak & Tarlow, 1978; DeRenzi & Nichelli, 1975; Schwartz, Shipkin, 

& Cermak, 1984). The posterior aphasia group exhibited the greatest impairment of verbal STM, 

and the anterior group's performance was intermediate between the posterior group and the 

normal control group. Risse, Rubens, and Jordan (1984) also found the posterior group to 

exhibit significantly reduced digit span compared to the anterior and normal control group. The 

mean digit span for their anterior group was less than their control group, but not significantly. 

Gordon (1983) also found the posterior perisylvian regions to be identified with the 

greatest reduction in digit span. Specifically, Gordon found that the regions associated with 

reduced digit span included the posterior internal capsule, temporal pole, Heschl's gyrus, the 

cortex of Wernicke's area and the angular gyrus, and the white matter deep to Wernicke's area, 

the supramarginal and angular gyri. In the present study, all subjects in the posterior group had 

lesions in the posterior superior temporal gyrus, which includes Wernicke's area. 

Much of the research documenting reduced verbal STM in individuals with aphasia 

included undifferentiated aphasia groups, or subject groups differentiated on the basis of aphasia 

type (e.g. fluent versus nonfluent). In those studies where fluency was a classification criteria, 

individuals with nonfluent aphasia often were found to show the greatest reduction of verbal STM 

(Goodglass, Gleason, & Hyde, 1970; Rothi & Hutchinson, 1981). In the present study, only two 

of the individuals in the anterior group were classified as being non fluent at the time of testing. 

Those two sUbjects performed poorly on the Digits Forward subtest of the WMS-R, receiving raw 

scores of 2 and 1, indicating spans no longer than three digits. This performance was more 

consistent with the performance of the posterior than the anterior group. It is likely that lesion 
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location and verbal fluency are both predictive factors of verbal STM performance; however, lesion 

location is a fixed factor, whereas verbal fluency may evolve over time. 

The underlying deficit resulting in reduced digit span is likely to be different for the 

anterior and posterior lesion groups. Short-term verbal retention deficits in individuals with 

posterior lesions, particularly individuals with Wernicke's aphasia, have been attributed to 

inaccurate or inefficient analysis of verbal input (Ostergaard & MeudelJ, 1984). Short-term verbal 

retention deficits in individuals with anterior lesions, particularly individuals with Broca's aphasia, 

have been attributed to a failure to use verbal rehearsal (Martin, 1987; Rothi & Hutchinson, 

1981), or a general failure to appreciate organizational structure of information (Ostergaard & 

MeudelJ, 1984). 

Ojemann (1978) studied the effects of electrical stimulation to different brain regions 

during input, storage, and recall stages of a short-term verbal memory task. He found that 

stimulation 10 sites adjacent 10 the posterior language area interfered with verbal STM if 

stimulation was applied during input and storage stages, but had no effect during recall. 

Conversely, stimulation to the posterior frontal lobe near the anterior language area interfered 

with verbal STM only when stimulation was applied during the recall stage. The findings of the 

current stUdy are consistent with the dichotomy evidenced by Ojemann's study, in that the 

posterior brain regions appear to play a predominant role in auditory comprehension and 

maintenance of information within STM, and anterior brain regions appear to playa predominant 

role in information retrieval. 

Memory Performance in Relation to Language Impairment 

Because the individuals in this study were aphasic, it might be argued that the verbal 

memory deficit simply reflects general language impairment rather than specific impairment of 

working memory. Such a viewpoint would predict that the anterior aphasia group would show 
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greater word finding difficulties than the posterior aphasia group when performing the verbal 

memory tests. However, the aphasia quotients for the two groups were not significantly different 

and, more specifically, a comparison of the two aphasia groups on the naming subtest of the W AB 

did not yield a significant difference. 

Of the language measures, the Word Fluency subtest of the W AB was the best predictor 

of L TM free recall performance. The Word Fluency subtest requires the subject to name as many 

animals as possible in one minute. Poor performance on word fluency tasks has long been 

associated with left frontal lobe damage, even in the absence of language impairment (Benton, 

1968; Milner, 1964). Word fluency tasks and verbal free recall tasks similarly require subjects to 

search their memories to generate word lists. The employment of efficient search and retrieval 

strategies yield performance success, and the control processes needed to direct retrieval are 

apparently dependent upon integrity of the dorsolateral prefrontal region. 

As expected, the Repetition sub test of the W AB was the best predictor of verbal STM 

as measured by the WMS-R Digits Forward subtest. Both tasks require immediate recall of a 

string of words with order preserved, and presumably reflect the integrity of the articulatory loop 

of working memory. 

Benefits and Limitations of the Study 

The current study revealed robust group differences on measures of verbal free recall and 

verbal STM. Group differences were not detected on recognition tasks, a favored paradigm in 

previous research with aphasic individuals. Recognition tasks alleviate the demand for verbal 

responses, but tap only the most rudimentary level of encoding (Craik & Lockhart, 1972). 

However, the disadvantage of the free recall paradigm was the restriction in SUbject selection. 

Only those individuals that demonstrated adequate comprehension and expressive abilities to 

perform the immediate recall task could be included in the stUdy. For that reason, the results of 
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this study should be generalized only to individuals with moderate to mild language impairment. 

The free recall tasks of VMT-l and VMT-2 were relatively demanding for all subjects. 

Even so, a ceiling effect was evident in the last few trials of VMT-l for the normal control group. 

Therefore, the convergence of the normal control group and the posterior group on the final 

recall attempts of VMT-l may reflect th~t ceiling effect. Although the posterior group clearly 

progressed on the list-learning task, the control group may have continued to outperform them 

if the recall task was more demanding. 

The cued recall task resulted in a clear ceiling effect for the control and posterior groups. 

The high level of performance was desirable because it confirmed that the information had been 

encoded into L TM, and was available for recall. The disadvantage of the ceiling effect was that 

it was not possible to determine if the performance by the anterior group on cued recall in 

comparison to free recall was consistent with the increase that would have been demonstrated by 

the posterior and control groups if the ceiling effect was eliminated. 

The current stUdy, combined with the findings of Risse, Rubens, & Jordan (1984), strongly 

supports a dissociation of memory impairment in individuals with anterior versus posterior site 

of lesion. Further research, with more SUbjects and higher resolution brain imaging (i.e., MRI) 

will assist in refining the dichotomous classification. SpecificaJJy, the effect of subcortical and 

deep white matter lesions need to be clarified. 

Future research also should incorporate an assessment of working memory that does not 

require a verbal response, such as the California Sorting Test (Delis, Birhle, Janowsky, Squire, & 

Shimamura (1989), the Wisconsin Card Sorting Test (Heaton, 1981), or the self-ordered pointing 

task used by Petrides and Milner (1982). Other avenues for future research include the 

examination of memory performance in relation to language impairment over time, and the 

relation of memory impairment to measures of functional performance in the environment. 



73 

Conclusions 

The prominent question posed at the outset of this study was, "What is the status of 

memory following stroke and aphasia?" The findings revealed that individuals with aphasia due 

to anterior or posterior brain lesions all exhibited some reduction of short- and long-term verbal 

memory ability. However, greater impairment of long-term verbal memory was associated with 

anterior lesions, and greater impairment of short-term verbal memory was associated with 

posterior lesions. 

Theoretically, the dissociated memory impairments shown by aphasic patients may be 

characterized as differential impairments of working memory. The central executive of working 

memory is thought to be specifically impaired in the case of anterior lesion, presumably due to 

compromise of the dorsolateral prefrontal cortex, and possibly its subcortical connections to the 

basal ganglia. The central executive is needed to guide the enactment of organizational and 

retrieval strategies necessary for successful recall from L TM. Thus, the working memory deficit 

results in impaired recall from long-term memory. The reduced verbal STM associated with 

aphasia may reflect a working memory impairment specific to the articulatory loop or the 

phonological store. 

In conclusion, the results of this study suggest that aphasia may be accompanied by 

mnemonic deficits that are not simply a consequence of the language impairment, but reflect 

concomitant impairment of working memory processes. The nature of the working memory 

impairment reflects compromise of localized brain regions, resulting in characteristic memory 

profiles associated with anterior versus posterior lesions. In light of these findings, clinical 

senSitivity to the extent and nature of memory impairment is advised for professionals and 

caregivers working with individuals with aphasia due to stroke. 
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APPENDICES 



APPENDIX A 

Subject Rejection 

Table A-I. Reasons for Subject Rejection 

Subj Aud 
Code Discrim 

10RC • 
llSK 
12VH + 
14JG 
15BH + 
16LL + 
17EK + 
20MM 
24JA + 
27NB + 
281R 
29SA + 
31WK 
33WA 
35GK + 
36HS + 
42RJ + 
43LM 
44EF • 
45CC 
49PC + 
52CP + 
55JC + 
561S + 
59DE + 
60JK + 
61GF + 
63GH 
67JP + 
68ML+ 
69BT • 
7IJE + 

Ant/post R Hem Central 
Lesion Lesion Lesion 

• 
• 

• 

* 
* 
* 
• 

• 

• 

? 

• 

• 

• 
• 
• 

* 

• 

Poorly 
Defined 

• 
• 

• 

• 

* 

Repeat 
CVA 

• 

? 

No 
Scan 

• 

* 

Drug 

• 
• 
* 

Task 
Failure 

AC,N,IR 

N,IR 

N,IR 

N,IR 

N,IR 

N,IR 
AC,N,IR 
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Note: + indicates protocol completed. • indicates reason for rejection. Aud Discrim = auditory 
discrimination screening; Ant!Post Lesion = both anterior and posterior cerebral areas; R Hem 
Lesion = right hemisphere; Central Lesion = rolandic region or basal ganglia only; Poorly Defined 
= scan did not reveal well demarcated lesion; Repeat CVA = more than one CVA; No Scan = 
scan unavailable; Drug = medications might impair memory; Task Failure = unable to perform 
VMT-2 auditory comprehension (AC), naming (N), or immediate recall (IR) task. 
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APPENDIX B 

Subject Characteristics 

Table B-1. Demographic Characteristics of Individual Subjects 

SUBJ Group Age Gender Ed Est. IQ Aphasia AQ Yrs. Post 

DF Anterior 62 M 12.0 101.53 Anomie 93.2 1.16 
MD Anterior 76 M 11.0 101.23 Anomie 79.4 0.83 
MN Anterior 62 M 13.0 112.22 Broca's 46.1 2.00 
CT Anterior 65 M 13.5 110.80 Broca's 59.0 9.67 
HF Anterior 52 M 12.0 106.73 Anomie 87.8 0.75 
JB Anterior 63 M 8.0 93.38 Anomie 83.0 16.42 
RM Anterior 65 M 12.0 109.56 Anomie 75.3 3.00 
JS Posterior 65 M 18.0 119.60 Anomie 92.2 3.42 
RT Posterior 67 M 10.5 102.60 Wernicke's 56.9 8.00 
ED Posterior 81 F 9.0 96.17 Anomie 87.3 1.33 
CJ Posterior 58 M 19.0 119.13 Conduction 73.0 3.25 
GC Posterior 65 M 8.0 91.96 Anomie 94.2 0.58 
MR Posterior 63 F 13.0 110.46 Conduction 77.9 0.50 
TH Posterior 70 M 17.0 120.07 Wernicke's 78.9 0.50 
DD Control 68 F 12.0 102.13 
TM Control 74 M 20.0 120.07 
WB Control 62 M 18.0 118.54 
DF Control 45 M 17.5 118.66 
GG Control 80 F 16.0 118.90 
OC Control 71 M 12.0 110.03 
RF Control 73 M 15.0 113.16 
MW Control 72 F 12.0 106.38 
NK Control 66 M 21.0 119.60 
MK Control 62 F 16.0 11.70 
GP Control 77 M 12.0 108.14 
BS Control 72 M 12.0 108.14 
CE Control 73 M 14.5 113.16 
HR Control 67 M 16.0 119.60 

Note: Est. IQ = Estimated intelligence quotient; Yrs. Post = Years post-onset of CVA 



testing: 
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APPENDIX C 

Medication Guidelines for Subject Selection 

SUbjects could not be under the influence of any of the following medications during 

Anticholinergics 
benztropine - Cogentin 
diphenhydramine - Benadryl, Sominex 2 
hydroxyzine - Vistaril, Altarax 
trihexyphenidyl - Artane 

Antidepressants 
amitriptylin - Elavil, Triavil, Endep, Etrafon 
desipramine - Norpramine, Pertofrane 
doxepin - Adapin, Sinequan 
imipramine - Tofranil, Janimine 
nortriptyline - Aventyl, Pamelor 
phenelzine - Nardil 
protriptyline - Vivactil 
trazodone - Desyrel 

Antipsychotics 
chlorpromazine - Thorazine 
fluphenazine - Prolixin, Permitil 
haloperidol - Haldol 
perphenazine - Trilafon, Triavil 
thioridazine - Mellaril 
thiothixene - Navane 
trifluoperazine - Stelazine 

Stimulants 
amphetamine - Dexadrine 
methylphenidate - Ritalin 
pemoline - Cylert 

Anxiolytic medications were considered to have a possible negative effect on memory 
and cognition. Therefore, the medication regimens of any potential subjects taking the following 
medications were reviewed by a neurologist to determine subject inclusion in the study. 

Anxiolytics 
alprazolam - Xanax 
diazepam - Valium 
benzodiazepine - Tranxene 
chlordiazepoxide - Limbitrol 
flurazepam - Dalmane 
lorazcpam - Ativan 
meprobamate - Equanil, Equagesic 



temazepam - Restoril 
triazolam - Halcion 

The following medications were not considered to hllve a negative effect on cognitive 
performance, and were therefore allowed. 

cimetidine - Tagamet 
clonidine - Catapres 
corticosteroids - prednisone, hydrocortisone 
ergoloid mesylates - Hydergine 
lecithin - phosphatidylcholine 
meclizine - Antivert, Bonine 
methyl dopa - Aldomet, Aldoril 
propoxyphene - Darvon, Darvocet 
propranolol - Inderal 
reserpine - Ser-Ap-Es, Regroton 
vitamin B12 
ACE inhibitors 
beta blockers 
calcium channel blockers 
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APPENDIX 0 

Protocol for Letter Cancellation Task 

MAmRIALS: "Random letter" sheet and pencil. 

INSTRUCfIONS: "This paper has many letters on it. Please put an X on each letter A that 
you can find. Be sure to look all over the paper, and mark over every letter A." 

Place the "random letter sheet" centered on writing surface directly in front of subject. Allow 
the subject to move the paper during the task, and note if the subject appears to move the 
paper to a preferred visual field. 
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SCORING: There are five A's in each of the four quadrants of the random letter sheet. Record 
the number of A's circled in each quadrant. In order to pass the screening, the subject must 
circle at least two A's in each of the four quadrants. If the subject does not meet the criterion, 
the examiner should indicate that there are stilI more A's, and ask the SUbject to look again. 

W L R C P 
G 

A B 
A U 

A 
Z X N F 

U F P S 
M V M 

S A K 
N 

L A D X A D 
H 0 

Q Y Z 
0 G Q E 

A R A T V A T J J W 
E B H A Y K C 

K N A X T C U K 
F Q 

U T M E A J 
0 S A X 

A M H 
A V N R P V G A D F 

G 
A Y D 

Y L H R 
Z W S P 

J Z 
C 

A L A 

B E Q A 
0 W B 

Figure 0-1. Random letter sheet used for letter cancellation task. (Reduced to 44% of original 
Size). 
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APPENDIX E 

Speech Discrimination Screening Task 

INSTRUCTIONS: "I am going to say some words. Usten closely and tell me if the words are the 
same or different. "For example, listen to these words: THAT VAT." (Say both words with equal 
emphasis and the same intonation.) "Do they sound exactly the same or are they different? Now, 
listen to these words: DOG DOG. Do they sound the same or different?" 

If the sUbject does not understand the concepts of same and different, present the word pairs as 
a repetition task. Instruct the sUbject to say each word after you. 

Administer all items. 

SCORING: One point is awarded for each correct discrimination. If the repetition task is used, 
one point is awarded for each correct repetition. 

INTERPRETATION: An error rate greater than 30 percent will result in subject deselect ion from 
the study. 30 % = more than 5 errors on the discrimination task or more than 10 errors on the 
word repetition task. 

1. bare dare (different) 10. zip zip (same) 

2. past fast (different) 11. gum gum (same) 

3. home home (same) 12. vase face (different) 

4. thin shin (different) 13. bat pat (different) 

5. sharp sharp (same) 14. hop hop (same) 

6. cheap jeep (different) 15. vote boat (different) 

7. gave gave (same) 16. cheese cheese (same) 

8. day they (different) 17. soil foil (different) 

9. town town (same) 18 .. vine vine (same) 

TOTAL CORRECT JUDGEMENTS = Maximum Score = 18 

-OR-

TOTAL CORRECT REPETITIONS = 
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APPENDIX F 

!Q Estimation Equation* 

Estimated WAIS-R Full Scale IQ = 61.58 + 0.31 (AGE) + 1.76 (SEX) + 4.71 (RACE) 

+ 5.02 (EDUCATION) + 1.89 (OCCUPATION) + 0.59 (REGION) 

SEX VALUES 

Male = 2 
Female = 1 

RACE 

Black = 1 
Other = 2 
White = 3 

REGION 

Southern Region = 1 
North Central = 2 
Western = 3 
Northeast = 4 

EDUCATION 

o to 7 years of school = 1 
8 years = 2 
9 to 11 years = 3 
12 years = 4 
13 to 15 years = 5 
16 or more years = 6 

OCCUPATION 

Professional and Technical = 6 

AGE VALUES 

16 to 17 years= 1 
18 to 19 years= 2 
20 to 24 years= 3 
25 to 34 years= 4 
35 to 44 years= 5 
45 to 54 years= 6 
55 to 64 years= 7 
65 to 69 years= 8 
70 to 74 years= 9 

Managers, Officials, Proprietors, Clerical, and Sales Workers = 5 
Craftsmen and Foremen (Skilled Workers) = 4 
Not in the Labor Force = 3 
Operatives, Service Workers, Farmers, and Farm Managers (Semiskilled Workers) = 2 
Farm Laborers, Farm Foremen, and Laborers (Unskilled Workers) = 1 

*from Barona, A, Reynolds, C., & Chastain, R. (1984) 



APPENDIX G 

Verbal Memory Test 1· 

INSTRUCfIONS: "I am going to read a list of words. 1 want you to try to learn the list. We 
will try it several times." Following each recall attempt, remind subject of the words not 
recalled. 

1 2 3 4 5 6 7 8 9 10 

1. Bus 

2. Coat 

3. Juice 

4. Belt 

5. Jet 

6. Coffee 

7. Jacket 

8. Beer 

9. Car 

1. Honey __ 11. Rope 
2. JET 12. Student 
3. Wheat 13. BELT 
4. Lunch 14. Tool 
5. COAT 15. JACKET 
6. Face 16. Moon 
7. BUS 17. CAR 
8. Park 18. BEER 
9. COFFEE 19. JUICE 

10. Dollar 20. Tent 

... Replication of Risse, Rubens, and Jordan (1984) with permission. 
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APPENDIX H 

Verbal Memory Test .f 

PART A AUDITORY COMPREHENSION & IMMEDIATE FREE RECALL 

INSTRUCTIONS: 

Step 1. Present page 1. 
"Look at these words and pictures. Point and tell me, 
which one is the Four-legged Animal?" 

"Which one is the Musical Instrument. 
"Which one is the Part of the Human Body." 

Step 2. After all three items on the page have been presented, remove page from subject's view, 
and ask: 

"Which one was the Four-legged Animal?" 
"Which one was the Musical Instrument?" 
"Which one was the Part of the Human Body?" 

If responses are ALL CORRECT proceed with next training page. Present category cues as listed 
below. Continue until all six pages have been presented. If examinee produces ANY ERRORS 
in item recall, the learning task will be re-presented for the failed items only, as follows: 

a. Present the page again. 
"Let's look at this page aguin. Which is the (give category ~ for the missed item, e.g. Four­
legged Animal)?" Ask this question for each failed item on the page. 

b. Remove the page the examinee's view. 
"Which was the (give category ~ for the missed item, e.g. Four-legged Animal)?" If responses 
are correct, proceed with Step 1 for page 2. 
If items are stilI failed, follow procedures below for failed items. 

1) Present card, point to failed item and say it's category cue and item name, e.g. "The 
four-legged animal is the horse." Do this procedure for each failed item on that page. 
2) Remove the page from the examiner's view and ask the question again, "Which one 
was the four-legged animal?" If a correct response is still not obtained, mark a slash 
through the item number, and proceed with next item. 

PART B. DISTRACTION TASK 

INSTRUCTIONS: "Now I would like you to count backward/forward by ones (twos or threes) 
from 

Prior to administering this test, the examiner should determine the subject's counting proficiency. 
The counting task should be adjusted so that the examinee counts at a rate no faster than 1 number 
per second. Select from the counting tasks below. 
Forward by ones, twos, or threes beginning at 1. Backward by ones, twos, or threes beginning at 
50, 87, 81, 98. (Counting accuracy is not required, but at least 20 seconds should elapse between 
the Learning Task and Free Recall.) 
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PART C. FREE RECALL 
INSTRUCTIONS: "Name as many words 8S you can from the pages you Just saw." (Allow up 
to four minutes for free recall. Begin cued recall either after four minutes has elapsed, or if 60 
seconds passes without any items recalled.) 

SCORING FREE RECALL: Indicate the words recalled by writing the number indicating the 
order· of recall in the leftmost column below. 

PART D. CUED RECALL 

INSTRUCTIONS: Any words that were not recalled on the Free Recall Task will now be cued. 
"Which one was the (gIve category £!!£ for missed item, e.g. the four-legged animal." 

SCORING CUED RECALL: Mark the cued recall responses in the rightmost column. If a word 
is not recalled in response to its cue after 10 seconds, or if an incorrect response is given, remind 
the subject of the correct response, e.g. "The fruit is the ~." "You tell me, the fruit is the __ ." 
(Have the subject complete the sentence, or repeat the item after the examiner.) 

PART E. REPEAT DISTRACTION TASK. Counting task. 

PART F. REPEAT FREE AND CUED RECALL TWICE. (A total of three recall opportunities. 

PART G. Allow 10 minutes to elapse, then REPEAT FREE AND CUED RECALL FOR THE 
LAST TIME. 

PART H. RECOGNITION (administer once after all four recaIl attempts) 

Materials: 2 sets of 3 x 5 cards. One set of pictures and one set of written words. 

Instructions: (Present card.) "Was this one of the words (pictures) I showed you before?" (Point 
to the original set of stimulus cards to clarify ihe items to which you are referring.) 

SCORING: Circle the examinee's response to each item. 
Present the cards one at a time. Alternate presentation order so that conditions (pictures vs. 
words) are counterbalanced across subjects. 



RESPONSE SHEET 

"Point and tell me which one is the ---' " 

PAGE 1 
Category Cue point 

repeat 

1. Musical Instrument __ 
2. Part of Human Body __ 
3. Four-legged Animal 

PAGE 2 

1. Vegetable ..... . 
2. Flower ....... . 
3. Fish ......... . 

PAGE 3 

1. Tree 
2. Insect ........ . 
3. Appliance ..... . 

PAGE 4 

1. Bird 
2. Utensil ....... . 
3. Furniture ...... . 

PAGE 5 

1. Tool ......... . 
2. Sports Equipment . 
3. Fruit ......... . 

PAGE 6 

1. Weapon ....... . 
2. Toy .......... . 
3. Building ...... . 

DISTRACTION TASK 

cued 
recall 

__ TRUMPET 
__ FOOT 
__ HORSE 

__ CORN 
__ DAISY 
__ SHARK 

__ PINE 
__ BEE 
__ STOVE 

__ SPARROW 
__ FORK 
__ BED 

__ SAW 
__ RACQUET 
__ PEAR 

__ RIFLE 
__ DOLL 
__ CHURCH 
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SUbject code __ _ 

INSTRUCTIONS: "Now I would like you to count forward/backwards by ones (twos or threes) 
from _ " 
(Counting accuracy is not required, but be sure that at least 30 seconds have elapsed between the 
Learning Task and Free Recall.) 
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"Name as many words as you can from the pages you Just saw." (4 minutes, or if 60 seconds passes 
without any items recalled.) 

Free Recall 1 

TRUMPET 
FOOT 
HORSE 
CORN 
DAISY 
SHARK 
PINE 
BEE 
STOVE 
SPARROW 
FORK 
BED 
SAW 
RACQUET 
PEAR 
RIFLE 
DOLL 
CHURCH 
FREE = 

Cued Recall 1 

Musical Instrument ....... TRUMPET 
Part of the Human Body ....... FOOT 
Four-legged Animal .......... HORSE 
Vegetable .................• CORN 
Flower . . . . . . . . . . . . . . . . • .. DAISY 
Fish ........•............ SHARK 
Tree .............•....... PINE 
Insect ................•..... BEE 
Appliance . . . . . . . . . . . . . . . . . STOVE 
Bird . . . . . . . . . . . . . . . . . . SPARROW 
Utensil .................... FORK 
Furniture ................... BED 
Tool ...................... SAW 
Sports Equipment ........ RACQUET 
Fruit ..................... PEAR 
Weapon .. . . . . . . . . . . . . . . .. RIFLE 
Toy ...................... DOLL 
Building . . . . . . . . . . . . . . .. CHURCH 

/18 CUED RECALL TOTAL = out of 

(DISTRACTION TASK) 

"Again, tell me as many words from the list that you can recall." (4 minutes, or 60 seconds without 
any items recalled.) 

Free Recall 2 

TRUMPET 
FOOT 
HORSE 
CORN 
DAISY 
SHARK 
PINE 
BEE 
STOVE 
SPARROW 
FORK 
BED 
SAW 
RACQUET _ 
PEAR 
RIFLE 
DOLL 
CHURCH 
FREE = 

Musical Instrument ....... TRUMPET 
Part of the Human Body ....... FOOT 
Four-legged Animal .......... HORSE 
Vegetable .................. CORN 
Flower . . . . . . . . . . . . . . . . . .. DAISY 
Fish ..................... SHARK 
Tree ..................... PINE 
Insect ...................... BEE 
Appliance . . . . . . . . . . . . . . . .. STOVE 
Bird. . . . . . . . . . . . . . . . . . SPARROW 
Utensil .................... FORK 
Furniture ................... BED 
Tool ...................... SAW 
Sports Equipment ........ RACQUET 
Fruit ..................... PEAR 
Weapon ................. , RIFLE 
Toy ...................... DOLL 
Building . . . . . . . . . . . . . . .. CHURCH 

/18 CUED RECALL TOTAL =_ out of 

Cued Recall 2 
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(DISTRACfION TASK) 
"One more time, tell me as many words from the list that you can recall." (4 minutes, or 60 seconds 
without response.) 

Free Recall 3 

TRUMPET 
FOOT 
HORSE 
CORN 
DAISY 
SHARK 
PINE 
BEE 
STOVE 
SPARROW 
FORK 
BED 
SAW 
RACQUET 
PEAR 
RIFLE 
DOLL 
CHURCH 
FREE = 

Cued Recall 3 

Musical Instrument ....... TRUMPET 
Part of the Human Body ......• FOOT 
Four-legged Animal . . . . . . . . . . HORSE 
Vegetable ............•..... CORN 
Flower . . . . . . . . . . . . . . . . . •. DAISY 
Fish ..................... SHARK 
Tree ..................... PINE 
Insect ...................... BEE 
Appliance . . . . . . . . . . . . . . . .. STOVE 
Bird ................. SPARROW 
Utensil .................... FORK 
Furniture ................... BED 
Tool ...................... SAW 
Sports Equipment ........ RACQUET 
Fruit ..................... PEAR 
Weapon . . . . . . . . . . . . . . . . .. RIFLE 
Toy .... " ................ DOLL 
Building . . . . . . . . . . . . . . .. CHURCH 

/18 CUED RECALL TOTAL =_ out of 

Allow 15 minutes to lapse before the final recall. 
"Now, for the last time, tell me as many words from the list that you can recall." (4 minutes, or 
60 seconds without response.) 

Free Recall 4 

TRUMPET 
FOOT 
HORSE 
CORN 
DAISY 
SHARK 
PINE 
BEE 
STOVE 
SPARROW 
FORK 
BED 
SAW 
RACQUET _ 
PEAR 
RIFLE 
DOLL 
CHURCH 
FREE = 

Cued Recall 4 

Musical Instrument ....... TRUMPET 
Part of the Human Body ....... FOOT 
Four-legged Animal .......... HORSE 
Vegetable .................. CORN 
Flower . . . . . . . . . . . . . . . . . .. DAISY 
Fish ..................... SHARK 
Tree ..................... PINE 
Insect ...................... BEE 
Appliance . . . . . . . . . . . . . . . . . STOVE 
Bird . . . . . . . . . . . . . . . . . . SPARROW 
Utensil .................... FORK 
Furniture ................... BED 
Tool ...................... SAW 
Sports Equipment ........ RACQUET 
Fruit ..................... PEAR 
Weapon . . . . . . . . . . . . . . . . .. RIFLE 
Toy ...................... DOLL 
Building . . . . . . . . . . . . . . .. CHURCH 

/18 CUED RECALL TOTAL =_ out of 
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RECOGNITION TASK "Look at this word/picture. Was It one of the Items on the list you 
learned?" 

List 1 - Recognition List 2 - Recognition 

1. drum yes NO 1. cake yes NO 
2. hammer yes NO 2. STOVE YES no 
3. SHARK YES no 3. BEE YES no 
4. bat yes NO 4. wheel yes NO 
5. barn yes NO 5. PINE YES no 
6. BED YES no 6. cup yes NO 
7. CHURCH YES no 7. HORSE YES no 
8. key yes NO 8. maple yes NO 
9. trout yes NO 9. apple yes NO 

10. FORK YES no 10. ant yes NO 
11. spatula yes NO 11. RIFLE YES no 
12. TRUMPET YES no 12. pencil yes NO 
13. mountain yes NO 13. toaster yes NO 
14. barrel yes NO 14. watch yes NO 
15. comb yes NO 15. FOOT YES no 
16. balloon yes NO 16. chain yes NO 
17. RACQUET YES no 17. DAISY YES no 
18. SPARROW YES no 18. cat yes NO 
19. umbrella yes NO 19. knife yes NO 
20. DOLL YES no 20. PEAR YES no 
21. cardinal yes NO 21. hanger yes NO 
22. SAW YES no 22. CORN YES no 
23. top yes NO 23. tulip yes NO 
24. table yes NO 24. book yes NO 
25. envelope yes NO 25. arm yes NO 
26. glasses yes NO 26. peas yes NO 
27. star yes NO 27. door yes NO 
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APPENDIX I 

Individual Subjec,l Scores QD. Memory Tests 

Table I-I. Individual Scores for Total Number of Words Recalled QD. Repeated Trials of Verbal 
Memory Test-} 

Trial 
Group 
SUBJ 1 2 3 4 5 6 7 8 9 10 

Anterior 

DF } 2 2 2 3 1 3 2 4 4 
MD 3 3 4 5 2 5 4 4 3 7 
MN 2 4 4 2 2 4 4 5 5 5 
cr 2 3 4 4 3 2 5 3 4 3 
HF 3 1 3 4 5 4 5 4 5 4 
JB 4 5 3 6 7 6 6 6 4 4 
RM } 2 3 3 3 2 3 3 3 3 

Posterior 

JS 2 2 3 2 4 5 5 6 6 7 
RT } } 4 5 6 6 7 8 9 6 
ED 4 4 3 5 4 3 4 3 3 5 
CJ } 4 3 4 4 2 1 4 5 6 
GC 3 4 4 6 5 8 7 7 7 7 
MR 3 6 6 5 7 7 7 8 8 9 
TH 2 4 6 4 5 6 3 6 5 6 

Control 

DD 6 7 8 8 8 8 9 9 9 9 
TM 4 4 4 7 7 7 7 8 7 9 
WB 5 5 8 8 9 9 9 9 9 8 
DF 5 7 7 7 9 9 9 9 9 9 
GG 5 4 7 6 6 6 6 7 7 7 
OC 4 4 7 5 8 8 9 8 9 9 
RF 5 4 5 7 4 8 7 7 7 7 
MW 4 5 7 7 7 7 7 8 8 8 
NK 5 5 6 6 6 6 7 7 7 7 
MK 5 9 8 8 9 9 9 9 9 9 
GP 6 8 9 9 8 9 8 9 9 9 
BS 2 5 6 7 7 6 6 7 7 7 
CE 3 5 6 5 8 6 7 8 9 9 
HR 7 9 9 9 9 7 8 9 9 9 
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Table 1-2. Individual Scores for Number of Words Recalled from Long-Term Memory Q!l Repeated 
Trials of Verbal Memory Test-l 

Trial 
Group 
SUBJ 2 3 4 5 6 7 8 9 10 11 

Anterior 

DF 0 0 0 0 0 0 0 2 1 4 
MD 0 0 1 0 1 3 1 2 4 1 
MN 1 2 0 1 2 0 2 4 4 5 
cr 0 1 2 0 0 2 1 0 1 2 
HF 0 0 0 0 0 0 0 0 0 0 
JB 3 1 4 4 5 3 6 2 4 5 
RM 0 0 0 0 1 1 1 1 1 0 

Posterior 

JS 0 0 2 1 2 2 4 4 5 5 
RT 1 0 3 4 3 7 8 9 6 9 
ED 1 2 2 4 3 3 3 3 5 5 
CJ 0 0 0 0 0 0 1 3 4 6 
GC 1 0 3 2 6 6 6 7 6 8 
MR 2 3 2 6 6 6 8 7 9 8 
TH 1 4 3 4 4 1 6 3 6 5 

Control 

DD 4 6 8 7 8 9 9 9 9 9 
TM 2 0 4 5 7 6 7 6 9 7 
WB 2 4 7 9 9 9 9 9 8 9 
DF 4 5 7 9 9 9 9 9 9 8 
GG 0 2 5 3 5 4 6 5 6 5 
OC 2 4 3 6 7 8 8 9 9 8 
RF 0 0 3 2 4 6 5 6 6 8 
MW 1 3 5 5 5 6 6 7 8 8 
NK 1 2 4 3 4 5 6 6 6 6 
MK 5 8 7 9 9 9 9 9 9 9 
GP 5 8 9 8 9 8 9 9 9 9 
BS 0 2 4 5 4 4 5 6 5 7 
CE 1 2 2 4 5 6 7 8 9 9 
HR 7 9 9 9 7 8 9 9 9 9 

Note. See text for definition of recall from long-term memory. 
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Table 1-3. Individual Scores for Number of Words Recalled QD. Repeated Trials of Verbal Memory 
Test-2 

Trial 
Group 
SUBJ 1 2 3 4 (Delayed) 1 2 3 4 (Delayed) 

Anterior 

DF 4 4 4 5 17 17 17 18 
MD 3 3 8 4 15 13 15 14 
MN 6 3 5 9 15 15 16 16 
cr 0 2 3 2 12 11 16 15 
HF 3 0 1 0 12 11 16 15 
JB 10 11 12 16 18 18 18 18 
RM 4 3 5 4 15 15 15 15 

Posterior 

JS 11 10 13 14 17 17 17 18 
RT 8 12 13 13 15 13 15 14 
ED 5 9 8 11 15 16 17 18 
CJ 8 16 17 13 12 11 16 15 
GC 5 10 10 11 16 17 18 18 
MR 10 15 11 13 17 18 18 18 
TH 10 8 12 12 17 17 18 18 

Control 

DD 12 13 16 17 18 18 18 18 
TM 6 9 12 10 16 17 18 18 
WB 13 13 16 18 18 18 18 18 
DF 8 9 12 15 18 18 18 18 
GG 12 13 13 12 18 16 18 18 
OC 11 15 16 15 18 18 18 18 
RF 9 12 14 16 16 17 17 18 
MW 8 10 12 17 18 18 18 18 
NK 10 12 15 17 18 18 18 18 
MK 6 14 14 13 18 18 18 18 
GP 10 10 14 13 16 14 18 18 
BS 4 10 10 11 17 17 18 18 
CE 7 13 16 16 17 18 18 18 
HR 11 13 16 15 18 18 18 18 
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Tab]e 1-4. Individual Scores for Recognition Tasks Q!l VMT-1 and VMT-2. and Raw ~ Q!! 
WMS-R Digits Forward and Tapping Forward Subtests 

Recognition Span Memory 

VMT-1 VMT-2 VMT-2 WMS-R WMS-R 
Group Picture Word Digits Tapping 
SUBJEcr 

Anterior 

DF 20 27 27 4 7 
MD 20 26 27 6 7 
MN 20 27 27 2 9 
cr 20 25 27 1 9 
HF 20 25 26 7 9 
JB 20 27 27 7 9 
RM 17 24 25 6 8 

Posterior 

JS 20 27 27 2 8 
RT 20 25 27 1 8 
ED 20 25 27 5 5 
CJ 20 27 27 1 8 
GC 20 27 27 3 7 
MR 20 27 27 2 7 
TH 20 27 27 2 11 

Contro] 

DD 20 27 27 7 8 
TM 20 27 27 6 8 
WB 20 27 27 9 12 
DF 20 27 27 8 9 
GG 20 26 27 9 5 
OC 20 27 27 7 6 
RF 20 27 27 7 7 
MW 20 26 26 7 9 
NK 20 27 27 7 9 
MK 20 27 27 7 8 
GP 20 26 27 8 9 
BS 20 27 27 8 8 
CE 20 27 27 10 10 
HR 20 27 27 11 11 
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