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ABSTRACT 

A growing body of literature has documented attention impainnents in individuals 

with aphasia. This study extended that literature by examining the effects of lesion 

location (anterior versus posterior left hemisphere lesion) and nature of distractor task 

(nonverbal versus verbal) on aphasic individuals' perfonnances of a variety of listening 

and speaking tasks under isolation, focused and divided attention conditions. 

Across tasks, conditions, and experiments, both anterior and posterior groups of 

aphasic individuals demonstrated greater disruption of language skills than a group of 

healthy individuals. Although it was initially hypothesized that the anterior group would 

display greater attention impainnents than the posterior group, few differences were 

found; generally, the two aphasic groups perfonned similarly, both quantitatively and 

qualitatively. Independent of group, all individuals showed greater disruption of listening 

and speaking skills when the distractor task was verbal rather than nonverbal in nature. 

Perfonnance decrements on most tasks were poorly predicted by severity of language 

impainnent, time post-onset and other demographic characteristics of the aphasic 

individuals. 

Within a capacity framework of attention, the results of this study suggest that the 

attention impainnents of aphasic individuals may reflect one or a combination of the 

following: decreased attentional capacity, inefficient attention allocation, or poor task

demand evaluation. 
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INTRODUCTION 

The expressive and receptive language impainnents of individuals with aphasia 

have been well described and documented since Broca's (1861) and Jackson's (1866) 

detailed descriptions of aphasia appeared over a century ago. However, controversy 

concerning the nature of these communication impainnents still exists. One major 

question concerns the issue of whether aphasia represents a deficit of linguistic processes 

alone or whether it represents the interaction of linguistic processes with other impaired 

cognitive processes. 

Lesser (1989) stated "It is tempting to believe that when we have identified 

someone as being aphasic we have identified his prime mental dysfunction, disordered 

language ... that this is the most conspicuous symptom in an aphasic person does not mean 

that in all other respects his brain is functioning normally and that other psychological 

functions are intact" (p. 56). A large number and variety of sensory, motor, higher 

cognitive, psychosocial and basic neurophysiological functions may be impaired and co

exist as a result of the lateralized hemispheric brain damage that an aphasic individual has 

suffered (Benson, 1979; Kriendler & Fradis, 1968; McNeil, 1983). Therefore it is 

possible that some of the characteristics of aphasic language may be related to the effects 

of these non linguistic deficits. 

Over the past two decades, McNeil and colleagues (Arvedson & McNeil, 1986a,b; 

Campbell & McNeil, 1985; McNeil, 1981, 1982, 1983; McNeil & Hageman, 1979; 
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McNeil & Kimelman, 1986; McNeil, Odell, & Tseng, 1991; Tseng, McNeil & 

Milenkovic, 1993) have argued that deficits in processes other than language do interact 

with a relatively preserved language system. The cognitive process upon which these 

researchers have focused is attention. 

McNeil and colleagues (McNeil, 1983; McNeil & Hageman, 1979; McNeil & 

Kimelman, 1986; McNeil et aI., 1991) speculated that certain performance characteristics 

of individuals with aphasia cannot be adequately explained in terms of a linguistic deficit 

only. For example, clinicians may manipulate a variety of factors (e.g., stimulus 

characteristics, communication context, presentation schedule) to improve the language 

performance of their aphasic patients (Darley, 1982). It is unlikely that this manipulation 

of parameters helps the aphasic patient relearn language rules; instead, this stimulability 

indicates that the aphasic patient still possesses the language structures and rules and that 

their performance deficits can be minimized by changing stimulus characteristics and 

response requirements (McNeil, 1982; 1983). 

Another behavioral characteristic that cannot be accounted for by a purely 

linguistic explanation of aphasia is the variability of aphasic individuals' expressive and 

receptive language abilities. Both clinicians and aphasic individuals themselves are well 

aware that in aphasia, communication successes and failures may vary within a day, from 

day to day, across different language processes, and across different language modalities. 

Head (1926) noted that "An inconstant response is one of the most striking results 

produced by a lesion of the cerebral cortex" (p. 145) whereas Kreindler and Fradis (1968) 
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described variability as one of the " ... fundamental deficits common to all aphasic patients" 

(p. 64). Researchers have documented this variability of aphasic performance with the 

identical stimulus on the identical task within the identical context (Boyle, Coelho & 

Kimbarow, 1991; Hageman, McNeil, Rucci-Zimmer & Cariski; 1982; Hamnann & Kolk, 

1991; Horner & Rothi, 1981; Kolk & van Grunsven, 1985; Kreindler & Fradis, 1968; 

McNeil, 1982; McNeil & Hageman, 1979; McNeil, Odell & Campbell, 1982). In tenns 

of auditory processing, patterns of variability have been found that are similar to those 

produced by normal and nonaphasic individuals with right-hemisphere damage (McNeil 

& Hageman, 1979; McNeil et ai., 1982). These patterns are observed across linguistic 

tasks as well as with non linguistic tasks (McNeil 1981, 1982). This type of variability 

differs from that in which an aphasic individual is unable to say a word in one 

conversation versus another conversation. In this example of conversational word-finding 

difficulty, variability may be attributed to a variety of processes such as top-down, 

bottom-up or both. However, when variability is observed under identical situations, 

"then a variable (perhaps internal-state) function must govern the circumstances under 

which the operation will or will not be performed" (p. 29, McNeil et aI., 1991) 

In contrast to a more traditional linguistic view of aphasia, McNeil and colleagues 

(McNeil, 1981, 1982, 1983; McNeil & Kimelman, 1986; McNeil et aI., 1991; Tseng et 

aI., 1993) have proposed the adoption of "a more global cognitive functioning 

perspective" (p. 30, McNeil et aI., 1991), specifically, an attention framework, to explain 

the variable inefficiency and other aspects of aphasic performance. They propose that 
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attention impairments are the mechanisms responsible for generating language 

performance fluctuations. 

Although the attentional mechanisms of non-aphasic individuals with right 

hemisphere lesions have been addressed (Bowles, Erickson & LaPointe, 1992; Lehman 

& LaPointe, 1993; Posner, Walker, Fridrich & Rafal, 1984, 1987; Ragan & LaPointe, 

1993; Robin & Rizzo, 1987), relatively few researchers have investigated the presence and 

relationship of underlying attention deficits to the inconsistent language behavior of 

aphasic individuals (Arvedson & McNeil, 1986; Campbell & McNeil, 1985; Kreindler & 

Fradis, 1968; LaPointe & Erickson, 1991; Robin & Rizzo, 1987; Tseng et aI., 1993). 

Furthermore, the majority of these studies has only examined the role of impaired 

attention in the auditory comprehension deficits of aphasic individuals. When attention 

and aphasia have been examined, impairments have been observed in: (a) engaging or 

orienting attention (Loverso & Prescott, 1981; Robin & Rizzo, 1987); (b) sustaining 

attention (Glosser & Goodglass, 1990); (c) focusing attention (Ardvedson & McNeil, 

1986; Kriendler & Fradis, 1968); and, (d) dividing attention (LaPointe & Erickson, 1991; 

Tseng et aI., 1993). 

Continued investigation of the relationship between attention and aphasia is 

important on both theoretical and clinical levels. Theoretically, it is important to identify 

sources of variability and thus, to delineate further the nature of aphasia (i.e. deficits of 

competence versus performance); as Schuell stated, "What you do about aphasia depends 

on what you think aphasia is" (Sies, 1974, p. 138). Clinically, the presence or absence 
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of attention impainnents has diagnostic and therapeutic implications. Diagnostically, the 

clinician must attempt to separate aphasia from the effects of these nonlinguistic deficits. 

Therapeutically, goals and procedures must accomodate or remediate the attentional 

impainnents that interact or interfere with aphasic individuals' communication skills. 

The present investigation was designed to explore the nature of attention 

impairments in individuals with aphasia and the relationship of attention to language 

comprehension and expression. Specifically, this study describes the attention allocation 

skills of individuals with aphasia due to anterior and posterior left hemisphere lesions 

during a variety of focused and divided attention tasks. First, a description of attention, 

methods for examining attention, neuroanatomical and physiological correlates of 

attention, and what is known about attention deficits in individuals with aphasia is 

reviewed. 

ATTENTION 

The Concept of Attention 

The study of attention originated in the field of psychology in the nineteenth 

century. James (1890) associated attention with human interest and considered how it 

actively shaped human conscious experience. He described a variety of attention types 

including sensorial versus intellectual, immediate versus derived and active versus passive 

attention. According to him, the function of attention was " ... to make us: (a) perceive, 

(b) conceive, (c) distinguish, (d) remember better than otherwise we could" (p. 424). 
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More recently Posner (1975) stated that "Attention is not a single concept, but the name 

of a complex field of study" (p. 441). 

Thus, providing a single definition of attention is difficult. Instead attention is 

frequently described as consisting of a variety of processes: (a) a selective process in 

which some stimuli from the internal or external environment are analyzed and perceived 

in preference to other stimuli; (b) an intensive process in which the amount of effort paid 

to a certain stimulus can vary (e.g., a husband may attend intently to his football game 

on television and be unaware of his wife's statements, whereas during halftime 

[depending on the halftime show] he may attend less intently to the television and hear 

his wife's statements); and, (c) a sustained alerting process by which stimuli can be more 

readily perceived for a short time period (e.g., the sign for a school crossing induces the 

driver to be alert to the possible sudden presence of a child on the road) (Kahneman, 

1973; Parasuraman & Davies, 1984). 

Theories of Attention 

Many theories of attention have been proposed to account for the variety of 

attention processes and to explain our attentional limitations. One group of theories is 

called structural (Kahneman, 1973; Wickens, 1984) or processing stage (Gopher & 

Sanders, 1984) theories. In these theories there is a limiting "bottleneck" stage in human 

cognitive activity that restricts our ability to perceive, conceive or recall more than one 

thing at a time. Structural theorists debate over the processing stage at which this 
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Figure 1. Broadbent's (1958) filter theory of selective attention. This diagram illustrates 
that a structural bottleneck occurs at or just prior to the perceptual analysis of a stimulus. 
Therefore, when multiple stimuli are presented, only one stimulus may be perceived at 
a time. The other stimuli must be held in storage until the first stimulus has been 
analyzed. Source: Adapted from Kahneman (1973). 
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bottleneck occurs. Figure 1 illustrates Broadbent's (1958) filter theory, an example of a 

structural theory of selective attention. Broadbent assumed that at some processing 

information stage, the human internal processing system is restricted from one that is 

parallel (several channels operating simultaneously) in nature to one that is serial in nature 

(only one channel capable of operating). Interference between tasks is specific and occurs 

when two or more tasks require the concurrent activity of the same processing stage. 

A second group of theories arose to account for the flexibility in attention 

allocation which the structural models could not predict (Kahneman, 1973; Wickens, 

1984). They are called capacity theories. In his capacity theory, Kahneman (1973) 

stated, "There is a general limit on man's capacity to perform work ... This limited capacity 

can be allocated with considerable freedom among concurrent activities" (p. 8). Thus, 

there is a pool of attention, effort, resources, or capacity (these terms are used 

interchangeably) which is quantitatively limited but which can be flexibly deployed and 

allocated to any activity or set of activities simultaneously via a particular allocation 

policy. The amount of attention allocated to a specific cognitive task is dependent on the 

task demands, that is, the effort or attention needed to complete the task. Whereas an 

easy task requires little effort, a difficult task requires that more attention be given to that 

specific neural process. Moment to moment attention is not controlled a priori or via the 

performer's intentions but rather via feedback from the tasks and events presently taking 

place. If the attentional task demands are not met, performance will be disrupted or even 

fail completely. Performance failure may occur because the task demands exceed 
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capacity or because available capacity has been channeled to other tasks. Therefore 

according to capacity theories of attention, interference is nonspecific and dependent on 

task demands alone rather than a bottleneck somewhere in the cognitive system. 

Attention is allocated according to the allocation policy· and the governor system 

which evaluates task demands (Kahneman, 1973). The allocation policy selects the 

activities and then the governor system supplies the needed attention. The allocation 

policy is regulated by the following: (a) involuntary attention or automatic processes 

(e.g., attention is allocated to novel or unusual inputs or to objects which suddenly move); 

(b) intent to attend to a specific channel or message (e.g., find the man with the blue cap); 

(c) the governor system (e.g., if concurrent task demands exceed capacity, only one task 

is completed); and, (d) arousal level in which both low and high arousal may have 

detrimental effects on task completion. 

Figure 2 illustrates Kahneman's (1973) proposed relationship between attention 

allocation and task demands. There is a linear relationship between attention allocation 

(solid black line) and primary task demands until the point at which demands exceed 

capacity (dashed line). This figure also demonstrates that there is some spare capacity. 

This spare capacity decreases as the attention demands of the primary task increase. 

Therefore capacity is variable and the amount of both spare and total capacity is 

dependent on the primary task demands. If the attention requirements of the primary task 

are small, there will be more spare capacity available to complete secondary tasks; 

however, the total capacity available is not as great as that available when the primary 
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Fi~ure 2. The relationship between allocation of attention and primary task demands. 
Source: Adapted from McNeil (1982). 
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task is more demanding. 

The implications of capacity theories of attention have ecological importance. 

Most daily events and activities require concurrent processing of a multitude of stimuli 

and these stimuli must compete for our limited amount of resources. Most people are 

capable of performing two or more activities simultaneously with little effort or error. 

The following routine tasks exemplify how frequently and easily humans allocate 

attention: (a) driving a car while conversing with a passenger; (b) watching television 

while knitting a sweater; and, (c) talking on the phone while doodling. 

Several researchers have assumed that all sensory, cognitive and motor processes 

as well as the various modalities draw upon a single, central, limited-capacity pool of 

attention or resources (Holtzman & Gazzaniga, 1982; Kahneman, 1973; Norman & 

Bobrow, 1975). Thus, secondary task perfonnance decrement is observed when the 

primary task is emphasized or becomes more difficult; this decrement is due to a shift in 

allocation of this single pool of attention. Gopher and Sanders (1984) and Wickens 

( 1984) have noted, however, that a single resource theory of attention fails to account for 

the following four phenomena observed in dual-task research: (a) difficulty insensitivity, 

i.e., when increasing the task demand of the primary task fails to affect secondary task 

performance (Isreal, Chesney, Wickens & Donchin, 1980); (b) perfect time-sharing, i.e., 

when dual tasks are performed concurrently as well as they are performed in isolation 

(Allport, Antonis & Reynolds, 1972); (c) structural alteration effects, i.e., when altering 

the processing characteristics of a task (e.g., modality of response or presentation) leads 
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to a change in interference with a concurrent task even though the difficulty or demands 

of the altered task remain the same (McLeod, 1977); and, (d) uncoupling of difficulty and 

structure, i.e., when the more demanding of two tasks when performed concurrently with 

a third task interferes less with that third task than the less demanding of the two tasks 

(Wickens, 1976). 

In response to these phenomena, a multiple-resource theory has been proposed by 

a number of theorists (Friedman, Polson, Dafoe & Gaskill, 1982; Gopher, Brickner & 

Navon, 1982; Isreal et aI., 1980; Navon & Gopher, 1979; Shallice, 1988; Wickens, 1984, 

1989). According to this theory of attention, multiple independent commodities are 

predicted to exist within our processing system; each of these commodities possesses the 

resource properties of allocation, flexibility and divisibility. Thus, concurrent tasks 

interfere with each other only if they overlap in their task demands for the same 

resources. Controversy continues to surround the exact number and nature of the various 

resources that may exist. Presently there is support for separate hemispheric resources 

(Friedman et aI., 1982), for separate perceptual and motor resources (Gopher et aI., 1982; 

Isreal et aI., 1980) and for separate working memory resources (i.e., articulatory loop and 

visual/spatial scratchpad) (Baddeley & Hitch, 1974). However, Wickens (1984) cautioned 

that "the explanatory and predictive power of the multiple-resources concept may be 

greatly diminished as the number of dimensions of separate resources proliferate" (p. 91). 

EXAMINING ATIENTION 

Three main types of tasks have been used to examine attentional processes. They 
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are sustained attention or vigilance tasks, focused or selective attention tasks and divided 

attention or dual tasks. Sustained attention tasks assess how well an individual can orient 

and maintain attention (Parasuraman, 1984; Posner, 1980). These tasks require the 

continual monitoring of incoming information over a time period in order to identify or 

respond to infrequent or unpredictable targets. Sustained attention may also be assessed 

with covert orientation tasks in which attention is shifted to another spatial location 

without deliberate eye or head movement to that location. In this paradigm, reaction 

times (RTs) to valid, invalid and neutral cues are recorded. Valid pre-cueing improves 

RTs relative to neutral pre-cueing and thus benefits the subject by allowing advanced 

attention allocation to the location of the target stimuli. Invalid pre-cueing is associated 

with a cost, so that RTs are slower relative to neutral pre-cueing. Attention must be 

disengaged from the "wrong" location, re-oriented and then re-engaged at the appropriate 

target site prior to a response (Clark, Geffen & Geffen, 1989; Posner, 1980). Impairments 

in orientating and sustaining attention have been related to deficits in controlled 

processing and thus in maintaining appropriate allocation of attention for an extended time 

period (Schneider et ai., 1984). 

In focused attention tasks, subjects are instructed -to attend to only one message, 

channel, or stimulus dimension and to report immediately or at a later time the presence 

of each "target" (Kahneman, 1973; Kahneman & Triesman, 1984). Focused attention 

tasks require subjects to filter information and thus, reject irrelevant stimuli. For 

example, in Cherry's (1957) classic study of the cocktail party situation, a party guest is 
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able to listen to one conversation and ignore all of the others. Researchers use focused 

attention tasks to investigate subjects' resistance to distraction and to detennine the point 

at which relevant and irrelevant infonnation are processed differentially (Kahneman & 

Triesman, 1984). 

According to Kahneman (1973), focused attention is "selecting among available 

perceptual units (objects or events) those units to which most capacity should be 

allocated" (p. 129). Incoming infonnation is assigned to units which are maintained 

throughout future perceptual analyses. The effectiveness of focused attention is partially 

dependent upon the facility of segregating relevant infonnation into units. Relevant and 

irrelevant targets are then separated at the stage of figural emphasis, the processing stage 

at which relevent infonnation units are allocated attention. Parallel processing of multiple 

units may be completed, but due to limited capacity, detailed analysis is restricted to only 

a few units. In this model, only spare capacity is allocated to monitor the unattended 

channel. Because spare capacity is negatively correlated with primary task 

difficulty/demand, unattended infonnation causes less interference when the primary task 

greatly consumes attention (Zelnicker, 1971). 

Studies of focused or selective attention have revealed that automatic processing 

of the unattended message may occur despite the subject's attention being focused 

elsewhere (Hink, Fenton, Pfefferbaum, Tinklerberg & Kopell, 1978; Kahneman, 1973; 

Posner & Snyder, 1975; Neumann, 1984). Unattended infonnation that is semantically 

relevant to the attended -information, that is emotionally significant to the listener, or that 
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occurs within the same spatial or temporal position as the attended information may cause 

interference. Posner and Snyder (1975) concluded that focused attention does not 

eliminate automatic processing but rather reduces the probability that automatic processing 

of unattended stimuli will interfere with controlled processing of attended stimuli. In 

addition to automatic processes, arousal level may cause interference (Kahneman, 1973); 

low arousal is accompanied by low selectivity so that irrelevant stimuli may be accepted 

as relevant. 

In divided attention or dual tasks, subjects are required to attend to two or more 

messages or to perform two or more cognitive operations simultaneously (Kahneman, 

1973; Wickens, 1984, 1989). One task is usually described as the primary task and the 

other as the secondary task. The purpose of dual tasks is to define performance limits, 

to determine the extent to which different sources of information or activities can be 

combined without interference or performance decrements, to identify sources of dual-task 

interference, to demarcate conditions which bypass interference, and to examine resource 

allocation strategies (Kahneman & Treisman, 1984; Schneider et aI., 1984; Somberg & 

Salthouse, 1982). Dual task performance should not only be compared to single task 

performance but also to a variety of dual task conditions (e.g., task complexity) and 

instructions. Tasks that require controlled processes or similar resources will be 

performed better when a single channel is given preference or is presented alone as 

opposed to when many channels must be targeted concurrently; either both tasks will 

suffer performance decrements or a capacity trade-off will take place and performance of 
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one task will be improved at the expense of the other (Navon & Miller, 1987). 

Much research has focused on detennining sources of dual task interference. The 

major source of dual task interference, according to capacity theories of attention, is task 

competition for the same limited-capacity resources (Kahneman, 1973; Nonnan & 

Bobrow, 1975; Wickens, 1984; 1989). Thus increasing task demands will lead to greater 

resource competition between the concurrent tasks. The act of time-sharing itself may 

also consume resources and lead to increased task competition for resources (Navon & 

Gopher, 1979). The "executive time-sharer" (McLeod, 1977) or an attention allocator 

(Kahneman, 1973) has been proposed to have resource demands; attention requirements 

of this executive are only observed in dual task situations because the executive is not 

used in single task situations. 

The degree to which a task draws upon automatic versus controlled processes will 

have an effect upon task demands and thus, will" also affect the amount of task 

interference observed under dual task conditions. Automatic processes are described as: 

(a) fast; (b) involuntary - they are triggered passively by appropriate inputs and once 

started, cannot be stopped volitionally; (c) capacity free - they do not require allocation 

of attentional or effort resources, do not consume short-term memory capacity, and 

therefore are neither subject to interference nor cause interference; (d) operate in parallel 

with other processes; and, (e) unconscious (Hasher & Zacks, 1979; Neely, 1977; Posner 

& Snyder, 1975; Schneider et ai., 1984; Schneider & Fisk, 1982; Schneider & Shiffrin, 

1977; Shiffrin & Schneider, 1977). 
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In contrast, controlled processes (Posner & Snyder, 1975; Schneider et al., 1984; 

Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977) are considered as follows: (a) 

slow; (b) under attentional or conscious control; (c) capacity-limited and thus, effortful; 

and, (d) generally serial in nature. Because controlled processes are limited by available 

capacity, combining tasks which require controlled processes should lead to interference 

and dual task performance decrements. Furthennore, if capacity is reduced (e.g., via 

drugs, decreased motivation) or if task demands are increased, performance of tasks 

utilizing controlled processes will decline. In terms of attention, controlled processes 

allow an individual to concentrate on a specific channel or memory pathway by 

decreasing the probability that automatic pathways or processes will give rise to active 

attention and cause interference (Posner & Snyder, 1975). 

In contrast, Navon and Miller (1987) have proposed that outcome conflicts (i.e., 

cross-talk) lead to dual task interference rather than competition for attention. Outcome 

conflicts refer to situations in which the processing outcomes or side effects of the 

primary task conflict with the processing requirements of the secondary task. Navon and 

Miller found that the difficulty of the tasks themselves did not predict the amount of dual 

task interference; rather there had to be interactions between the processes used to 

complete the two tasks. They suggested that task interference was related to outcome 

conflict or to subjects'attempts to avoid outcome conflict. 

Another source of dual task interference is arousal level (Kahneman, 1973). 

Attention allocation narrows under high arousal so that the variety and number of cues 
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or activites to which attention may by distributed becomes restricted. This finding implies 

that at high arousal levels, attention is less divisible (Easterbrook, 1959). Physical 

constraints, referred to as peripheral interference, may also impede dual task performance. 

For example, a person cannot physically say two words at once (Wickens, 1984, 1989). 

Other sources of dual task interference include what Wickens (1989) refered to as 

global similarity and microsimilarity. Global similarity refers to the similarity of tasks 

in terms of processing requirements (i.e., stage or type) or in terms of representational 

similarity (i.e., whether the tasks are verbal or spatial, auditory or visual in nature). 

Microsimilarities between tasks are quantitative in nature and include similarities in color, 

semantics, and spatial or temporal proximity. Increasing either representational similarity 

or microsimilarity may lead to increased task interference (Kahneman, 1973; Neumann, 

1984; Wicken, 1989). 

Sometimes task interference is not observed during dual task performance. 

Subjects may be able to complete accurately the secondary task even when the highest 

degree of difficulty of the primary task is performed because the secondary task activates 

only automatic processes which are capacity free (Schneider & Fisk, 1982; Wickens, 

1989). Processing similarities between concurrent tasks (i.e., task similarity in terms of 

similar stimulus or response features) may also lead to improved dual task as compared 

to single task performance. Finally, interference bypassing may occur when the 

concurrent tasks draw from separate resource pools (Freidman et al., 1982; Wickens, 

1989). 
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Skill in allocating resources may also effect the amount of dual task interference. 

Researchers (Schneider & Fisk, 1982; Wickens & Gopher, 1977) have shown that subjects 

may often waste resources on automatic tasks; however, subjects can be taught to allocate 

attention in a graded and continuous fashion based on task demands. People may also 

differ in their skill of allocating attention between dual tasks (Wickens, 1989). These 

differences are sometimes related to how automatic the separate tasks are for the different 

subjects. For example, a flight instructor is able to fly while performing a secondary task 

with fewer performance decrements than a student pilot because the instructor can rely 

on automatic processes to complete the flight task (Damos as cited by Wickens, 1989). 

Another individual difference that could affect dual task interference is variation in 

attention capacity; that is to say, some people may have a smaller attention capacity and 

thus, have fewer resources available to complete the concurrent tasks (Wickens, 1989). 

NEUROANATOMlCAL AND PHYSIOLOGICAL 

CORRELATES OF ATTENTION 

As indicated by the preceding discussion, attention represents a very complex 

human behavior. Thus it seems unlikely that the fUnction of attention could be ascribed 

to only one specific neuroanatomical or physiological component. The following 

discussion of lesion data, neurotransmitter and drug studies, evoked potential 

investigations, and positron emission tomography (PET) research indicates attention has 

been associated with not one but a variety of neuroanatomical and physiological 
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Stuss and Benson (1987) and Alexander, Stuss and Benson (1989) described 

attention as an "organized integretated fixed functional system"; this label implied that 

attention was one of the bases of overt human behavior (functional), consisted of a variety 

of necessary components (organized), relied on a variety of inter- and intrahemispheric 

pathways (integrated), and held a relatively stable relationship to neuroanatomical regions 

within an individual over time and across individuals (fixed). According to Stuss and 

Benson, attention, along with other "systems" (e.g., memory, language, emotion), is 

localized in posteriorlbasal brain areas. Specifically, Mesulam (1981) attributed attention 

functions to the following posteriorlbasal cerebral areas: (a) reticular formation which 

controls arousal levels; (b) sensory association areas which allow access to the "raw" 

information to which one is to attend; (e) parietal lobes which provide internal sensory 

maps; and, (d) limbic regions which contribute motivational salience. Whereas all of 

these cerebral regions are necessary for a functional attention system, the frontal lobes 

exert executive control over this system via their rich interconnections to posterior and 

basal brain areas (Alexander et aI., 1989; Damasio, 1985; Shallice, 1988; Stuss & Benson, 

1987). In terms of the attention system, the frontal lobes engage, monitor, focus, divide 

and disengage attention. That is, the frontal lobes, particularly the prefrontal cortex, 

control and direct attention, especially in new or unusual situations. 

Individuals with neglect and attentional problems have frequently suffered lesions 
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to one or more of the following posteriorlbasal cerebral areas: mesencephalic reticular 

activating system, intralaminar nuclei of the thalamus, sensory association cortices, 

corticothalamic pathways, superior temporal sulcus and the inferior parietal lobule 

(Fischer, Alexander, Gabriel, Gould & Milione, 1991; Heilman, Watson, Valestein, 1985; 

Posner, 1980). Monkeys (Pribram, 1987) and humans (Damasio, 1985; Glosser & 

Goodglass, 1990; Luria, 1973; Novoa & Ardila, 1987; Salmaso & Denes, 1982; Wilkens, 

Shallice & McCarthy, 1987) with prefrontal lesions have been reported to be unable to 

sustain directed attention over time and are easily distracted by irrelevant stimuli. 

For decades, researchers have obseIVed that individuals with right- versus left

hemisphere damage more often display attentional impainnents and that their attentional 

impainnents are also more severe (Glosser & Goodglass, 1990; Heilman et aI., 1985; 

Wilkens et aI., 1987). Heilman and colleagues (1985) have proposed that the right 

hemisphere is activated by novel or relevant stimuli in either or both visual fields or 

hemispaces, whereas the left hemisphere is activated primarily by novel or relevant 

stimuli only in the right visual field or hemispace. Therefore, according to Heilman et 

al. (1985) when the left hemisphere is lesioned, the right hemisphere can compensate for 

the damage; when the right hemisphere is lesioned, the left hemisphere is unable to 

compensate for the damage. 

Right and left hemisphere damage may also be associated with qualitatively 

different attentional problems. The right hemisphere appears to control and maintain 

alertness and activation levels (i.e., sustained attention); the left hemisphere seems to 
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regulate certain aspects of selective attention such as speed and accuracy on complex 

choice reaction tasks (Dimond & Beaumont, 1973; Heilman et al., 1985; Mesulam, 1981; 

Sturm & Willmes, 1991; Wilkens et al., 1987). Like language, however, patients with 

reversed lateralization of attention functions have been described (Fischer et aI., 1991). 

Neurotransmitter and Drug Studies 

Studies of neurotransmitters and their agonist and antagonists have also helped 

describe neuroanatomical and physiological correlates of attention. Recent research with 

healthy individuals has implicated a role for catecholamines in sustained, focused and 

divided attention (Clark et al., 1986, 1989; Hink et al., 1978). In these studies, subjects 

completing various attention tasks were administered methylphenidate, which causes 

release of central and peripheral catecholamines and blockade of their presynaptic 

reuptake, and clonidine, an adrenoceptor agonist which inhibits noradrenergic neuron 

activity in the locus coeruleus (the noradrenalin source for the cortex and hippocampus). 

Inconsistent results were obtained for methylphenidate: Hink et al. (1978) observed 

improved focused attention in their subjects especially when task difficulty was increased; 

Clark et al. (1986) found no behavioral effects. In both studies, however, subjects 

subjectively reported greater attentional lability with the drug. Clonidine administration 

lead to decreased accuracy and increased latency during sustained, focused and divided 

attention tasks (Clark et al., 1986, 1989). Subjects reported that they felt drowsy and had 

difficulty concentrating on the attention tasks. 

Clark and colleagues (1989) also studied the effects of droperidol, a central 
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dopamine antagonist (it does not affect the nigrostriatal dopaminergic system), on the 

sustained attention perfonnance of nonnal subjects. Subjects who received this drug 

performed more slowly and less accurately than in the placebo condition. Similarly, 

Parkinson patients have been found to be more easily distracted on focused attention tasks 

than nonnal controls (Sharpe, 1992). 

Together these findings suggest a role for ascending noradrenaline and dopamine 

cortical projections in the control of attention. It appears that central catecholamine 

activity facilitates attentional disengagement. Both of these monamines are highly 

concentrated in the inferior parietal lobe of the cortex (Clark et ai., 1989). As previously 

mentioned, this cortical area has been previously associated with the ability to disengage 

attention (Heilman et ai., 1985; Posner, 1980). Furthermore, there is a mesocortical 

dopaminergic system which projects from the ventral tegmental area to mesial frontal and 

dorsolateral prefrontal cortex (Heilman et al., 1985; Kandel, Schwartz & Jessel, 1991 ). 

It is most likely this system which is affected by droperidol and which is involved in 

sustained attention. Interestingly, research into the pharmacotherapy of aphasia has 

examined the effects of bromocriptine, a dopamine agonist (Albert, Bachman, Morgan, 

& Helm-Estabrooks, 1988; Bachman & Albert, 1990; Bachman & Morgan, 1988) and 

pyrithioxine, a nootropic agent which may increase dopaminergic activity within the 

central nervous system (Stoica, Stefanescu, & Gheorghiu, 1972). Some aphasic patients 

who have taken these drugs have been reported to show improvements in various 

language tasks including naming and discourse. 
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Evoked Potential Studies 

Further support for a frontal contribution to attention comes from studies utilizing 

evoked potentials (EP). Skinner and Yingling (1977) described the three following types 

of bioelectric changes that occur when a person focuses attention: (a) EEG 

desynchronization in widespread cortical regions, (b) amplitude enlargement of sensory 

EP components (i.e., long latency components) for the attended stimuli and, (c) 

occurrence of a negative slow-potential shift in the frontal cortex. They found that 

damage to the mediothalamic-frontocortical system (MTFCS) of the cat led to both 

focused attention behavioral deficits and bioelectrical abnormalities. The animals were 

no longer able to direct or maintain attention or to inhibit cortical activity to irrelevant 

stimuli. Skinner and Yingling proposed that focused attention is acheived by the MTFCS 

inhibiting thalamocortical circuits which transmit information concerning irrelevant 

stimuli. They further hypothesized that in humans, control over the thalamocortical 

switching mechanism to send stimuli to one or both hemispheres most likely originates 

in the "distinctively human" part of the frontal lobes. 

Several EP components have been used to study attention in humans. The N 1 

and P2 components of the EP have a fronto-central distribution, are associated with a 

frontal association cortex generator, and have been found to be a sensitive index of 

auditory attention (Hall, 1992; Hink et al., 1978; Hink & Hillyard, 1976; Picton & 

Hillyard, 1974). Specifically, the Nl has been related to preattentive formation of 

perceptual units (Peach, Newhoff & Rubin, 1992). The amplitude of the NI-P2 waveform 
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is positively correlated to attention. Attended stimuli elicit larger N I and P2 components, 

possibly as great as 50% larger, compared to when these same stimuli are ignored. 

Attenuation, inconsistency and asymmetry of the NI-P2 wavefonn have been observed 

in aphasic patients (Greenberg & Metring, 1974; Rothenberger, Szirtes & Jurgens, 1982). 

N I amplitudes are particularly reduced following unilateral temporal-parietal lesions. 

These data, as well as data obtained in their own study, led Knight and colleagues (1980) 

to propose that the frontal cortex may inhibit these EP components contraIaterally to the 

presented auditory information and that the actual N I generator is located in primary 

auditory cortex. 

Another EP component used to investigate attention is the P300 (Hall, 1992; 

Picton & Hillyard, 1974; Sutton et a1., 1965). This component has been described as a 

sensitive indicator of attentional resources, independent of stimulus modality. 

Controversy concerning the neural generator(s) of the P300 exists. Although the medial 

temporal lobe has been implicated (Halgren et a1., 1986), it is frequently suggested that 

the P300 has multiple, diffuse and possibly some frontal neural generators (Hall, 1992). 

With aging, the P300 amplitude decreases, latency increases, and distribution changes 

from one of primarily parietal to one distributed from the parietal to fiontal region. The 

latency of the P300 wavefonn also appears to be adversely affected in patients with a 

variety of aphasia subtypes (Hall, 1992; Peach et a1., 1992). 

The mismatch negativity (MMN) EP component has been proposed to reflect 

automatic, pre-attentive processes (Naatanen, 1990). The MMN consists of two 
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components, a temporal positivity associated with a generator in the supratemporal plane 

of the auditory cortex and a frontocentral negativity associated with a frontal generator 

primarily involving the right hemisphere (Giard, Perrin, Pernier & Bouchet, 1990). The 

temporal activity has been suggested to correspond to a neuronal mismatch process caused 

by the infrequent, deviant stimuli; the frontal activity may correspond to orienting to that 

mismatch. Researchers have only recently begun to use the MMN as a 

electrophysiological measure of attention in patient popUlations. There have been reports 

of MMN deviancies in individuals with central auditory processing problems (Kraus et 

aI., 1993) and in individuals with aphasia (Peach, Rubin, & Newhoff, 1994). 

Although the above data regarding EP components suggest frontal involvement in 

attention, it must be remembered that controversy surrounds localizing the neural 

generators of these and other EP waveforms. For example, EP changes with very small 

electrical fields or with dipole fields tangential to the scalp may be missed when 

recording EP waveforms (Hall, 1992; Picton & Hillyard, 1974). 

PET Studies 

Studies by Metter and colleagues (1986, 1987, 1989) utilizing (FI8) 

fluorodeoxyglucose positron emission tomography (PET) revealed that structural lesions 

of aphasic individuals may result in metabolic changes in structurally intact prefrontal 

areas. These prefrontal metabolic changes arise because prefrontal areas send and receive 

fiber tracts via the internal capsule. The prefrontal areas also communicate extensively 

with subcortical structures such as the thalamus and basal ganglia; when subcortical 
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structures or the internal capsule are lesioned, pathways to the prefrontal area are also 

injured or completely destroyed. Therefore, prefrontal functioning is affected and this 

effect is reflected in the metabolic changes observed using PET. 

In their 1987 study, Metter et al. found that aphasic individuals with structural 

damage to Broca's and subcortical regions were most likely to. have prefrontal 

hypometabolism. Furthermore, aphasic patients with prefrontal asymmetry also displayed 

poorer W AB aphasia quotients. Metter et al. (1986, 1989) also studied the relationship 

between aphasia type and prefrontal metabolic changes. The results indicated that 

individuals with Broca's aphasia displayed marked left-to-right asymmetry of the 

prefrontal region when compared to individuals with Wernicke's aphasia who displayed 

mild-to-moderate asymmetry. Individuals with conduction aphasia and normal controls 

showed similar left-to-right ratios in the prefrontal area. These hypometabolic patterns 

~bserved in aphasic individuals persisted beyond the spontaneous recovery period (Metter 

et al., 1986). As previously stated, it is the prefrontal area that has been associated with 

initiation and maintenance of attention and behavior (Alexander et al., 1989; Shallice, 

1988). 

AITENTION IMPAIRMENTS IN INDIVIDUALS WITH APHASIA 

As McNeil and colleagues suggested, applying an attention framework to the study 

of aphasia may help elucidate aspects of aphasic performance (e.g., variability) that are 

not parsimoniously explained by existing theories of the nature of aphasia (Arvedson & 
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McNeil, 1986; Campbell & McNeil, 1985; McNeil, 1982, 1983; McNeil & Kimelman, 

1986; McNeil et aI., 1991; Tseng et aI., 1993}. Given the important role that attention 

plays in language comprehension and formulation and given the loci of this cognitive 

function within the brain, it seems likely that attention skills might also be impaired in 

aphasia. In the past, many aphasiologists acknowledged that attention impairments may 

interact with the language impairments of aphasic individuals but failed to examine the 

presence or nature of attentional disorders in aphasia (Lesser, 1989; Weprnan, 1951). The 

following section reviews the relatively few studies that did investigate the existence and 

characteristics of disordered attention processes in individuals with aphasia. To date, 

investigators have identified impairments of arousal, orienting and sustaining attention, 

focusing attention, and dividing attention (Arvedson & McNeil, 1986; Glosser & 

Goodglass, 1990; Kriendler & Fradis, 1968; Loverso & Prescott, 1981; Robin & Rizzo, 

1987; Tseng et aI., 1993). 

Arousal 

Kahneman (1973) proposed that arousal level regulates the attention policy and 

thus, affects both the generation and allocation of attention. Decreased arousal may 

decrease available capacity or decrease efficiency in attention allocation. Although 

aphasic individuals do not overtly display low arousal levels, research has revealed that 

they may suffer from less obvious arousal impairments. 

Arousal is examined by studying individuals' utilization of differing forewarning 

periods preceded by warning signals (Posner & Klein, 1973); in normal subjects a 
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warning signal leads to faster reaction times and better perceptual perfonnance. A 

warning signal apparently allows normal subjects to become aroused so that they are 

prepared to deal with incoming information and thus, it heightens their reception of target 

stimuli from any source. Their expectancy assists in analyzing incoming information 

efficiently and accurately because the signal to be processed has already been specified. 

The individual is prepared to process relevant signals so that less attention has to be 

allocated to irrelevant signals . 

. Marshall and Thistlewaite (as cited by Loverso & Presco~ 1981) examined the 

utility of prestimulus facilitation in aphasia. With a group of 10 aphasic individuals, they 

found that prestimulus warnings enhanced auditory comprehension on the Token Test. 

Loverso and Prescott (1981) furthered" this area of research in aphasia and studied the 

effects of various forewarning time periods on a picture matching task. The use of a 

warning signal improved both the aphasic and normal control subjects' accuracy and 

reaction times. For the normal group, a warning signal had its maximal effect when 

presented 0.5 to 1.5 s prior to the target visual stimuli. When the signal occurred 3 s 

before a target, it negatively affected the normal group's perfonnance. In contrast, the 

warning signal had its maximal effect for the aphasic group when presented 1 to 3 s prior 

to the target. Increasing the warning signal interval to 3 s did not negatively affect the 

aphasic group's response accuracy or speed. Therefore, it appeared that the aphasic 

subjects required more time to prepare themselves (i.e., arouse themselves) to receive an 

input. 
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Similarly, other researchers (Brookshire, 1974; Hageman et al., 1982; McNeil & 

Hageman, 1979; Porch, 1967) have described aphasic response characteristics that may 

be related to arousal impairments. These investigators noted that some aphasic patients 

appear to miss the initial segments of auditory messages; this pattern has been called slow 

rise time or tuning-in. Apparently, the auditory processing systems of these patients need 

more time to be aroused to an attentive state. 

Orientation and Sustained Attention 

The orienting of attention in vision, in audition and between these modalities in 

patients with focal brain damage has also been investigated. Robin and Rizzo (1987) had 

aphasic individuals with left hemisphere lesions, non-aphasic individuals with right 

hemisphere lesions, and normal individuals complete visual-only, auditory-only and cross

modal task conditions. All of the aphasic individuals had posterior temporal or basal 

ganglia lesion sites. Basically, subjects were first presented with a visual directional cue 

(either a valid or invalid unidirectional arrow or a neutral bidirectional arrow) followed 

immediately by a visual target, an auditory target or either an auditory or visual target, 

depending on the task condition. Robin and Rizzo found that all of the brain-damaged 

subjects had orientation impairments, primarily of the space contralateral to their lesion. 

The aphasic individuals displayed greatest difficulty with auditory orientation, whereas 

individuals with right hemisphere lesions displayed greatest difficulty with visual 

orientation. Interestingly, aphasic individuals did not benefit from cueing; there were no 

differences in their reaction times among valid, neutral and invalid cueing trials for both 
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visual and auditory orientation. In contrast, individuals with right hemisphere lesions and 

nonnal individuals made use and benefited from cueing. Although these negative results 

for cueing may at first appear contradictory to those of Loverso and Prescott (1981), they 

are actually consistent. Loverso and Prescott observed that the warning signal was not 

effective unless it occurred at least 1 s prior to the target. In Robin and Rizzo's (1987) 

study, the cue occurred immediately prior to the target; thus, the interval was too short 

to be helpful to the aphasic individuals. Therefore, Robin and Rizzo's data support the 

existence of attentional impairments in aphasic individuals, more specifically in arousal 

and orientation of auditory attention. 

Peach and colleagues (1992) used an evoked potential (EP) paradigm to study 

automatic engagement and volitional orientation aspects of attention. They examined the 

mismatch negativity (MMN) component and the N2-P300 waveform complex of the EP 

in four individuals with varying types of aphasia and two control subjects. To elicit these 

EP components, subjects were presented tone bursts under passive and active attending 

conditions. Peach et al. found that the MMN latencies and brain map distributions of the 

aphasic individuals were comparable to those of normal control subjects, indicating that 

automatic attention processes (i.e., engagement) are not affected in aphasia. Whereas" N2 

latencies occurred within nonnal limits, P300 latencies were increased for the aphasic 

subjects. These latency data suggested that the aphasic individuals needed more time to 

decide whether or not a given stimulus is deviant. Therefore, some of the attentional 

impairments observed in aphasia take place at the volitional orientation level versus the 
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automatic engagement of level. 

More recently, Peach and colleagues (1994) replicated their 1993 study but 

analyzed the morphology and topography of the MMN waveform using a different 

waveform identification technique. They examined the temporolateral positivity and 

frontal negativity of the MMN waveform in the same four aphasic and two control 

subjects plus an additioaal subject with global aphasia. In contrast to their previous 

findings, Peach et al. observed increased latencies between temporal and frontal waveform 

peaks as well as decreased peak waveform amplitudes for the aphasic group. Brain map 

distributions of the aphasic group's EPs also differed from those of the normal subjects, 

especially with respect to frontal activity. These data suggested that aphasic individuals 

needed more time and allocated fewer resources to engaging and orienting auditory 

attention to deviant stimuli. These attention problems were not associated with arousal 

impairments. Arousal impairments would have been suspected if the temporolateral 

latencies were longer than those of the normal subjects; however, these latencies were 

within the normal range. Thus, aphasic individuals may show attention impairments, even 

at the very early engagement and orientation phases of attention. However, the findings 

of this study and Peach and colleagues' earlier study must be interpreted with caution 

given their small sample sizes. heterogeneous samples (in terms of age and aphasia type), 

and the lack of statistical analysis of their data. 

Individuals with aphasia may also display problems with sustained attention. 

Glosser and Goodglass (1990) required aphasic individuals with frontal and non frontal 
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lobe lesions to perfonn the Nonverbal Continuous Perfonnance Test, a visual vigilance 

task which assesses sustained attention and selective response abilities. The aphasic 

subjects with frontal lesions in the dorsolateral region displayed greater difficulty with this 

task as compared to those with nonfrontal lesions. These attentional problems were not 

related to differential language or visuospatial deficits between the two ~phasic groups 

because all aphasic subjects were matched in terms of naming, auditory comprehension, 

visual perceptual and constructional skills. 

Focused Attention 

In one of the earliest studies of attention and aphasia, Kriendler and Fradis (1968) 

examined the performances of 30 aphasic patients and 30 normal subjects on a variety of 

focused attention tasks. The patients presented with "predominantly" expressive, receptive 

or amnestic (i.e., anomic) aphasia. No information concerning aphasia severity, lesion site 

or time post-stroke was provided. All subjects completed cancellation tasks in which they 

were instructed to identify two prespecified targets. Tasks were conducted in both the 

visual and auditory modalities and with both verbal and nonverbal stimuli. 

On all of the tasks, the aphasic patients performed at a slower rate and made 

significantly more omissions and errors in comparison to the normal subjects, regardless 

of modality or stimulus type. The aphasic patients displayed focused attention deficits 

as evidenced by a greater number of omissions versus errors; that is, their attention or 

concentration impainnent led them to miss target stimuli rather than to confuse other 

stimuli as the target. When aphasic patients did make errors, they did so most frequently 
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with verbal stimuli and in the auditory modality. With respect to aphasia type, patients 

with receptive aphasia showed the greatest performance decrements in terms of speed, 

omissions and errors, followed by patients with expressive aphasia and then patients with 

amnestic aphasia. Kriendler and Fradis noted that some of the observed impairments in 

their aphasic patients may be related to memory problems because some patients reported 

that they forgot the target stimuli when completing the task. 

Cohen, Woll and Ehrenstein (1981) have also shown that individuals with aphasia 

may have focused attention impairments. They asked Broca's and Wernicke's aphasic 

and brain-damaged control subjects to perform two non-verbal short-term memory tasks 

following a focused attention activity in which certain picture characteristics were 

emphasized. Generally, all of the aphasic subjects performed similarly to the control 

subjects with diffuse or right hemisphere brain damage. Interestingly, the aphasic subjects 

made significantly more errors when compared to the control subjects on features· of the 

memory materials that were highlighted during the pre-test focused attention task. The 

experimenters expected improved recall of items on which features had been previously 

highlighted and attended. Instead, the aphasic subjects made the same number of 

confusions on items with stressed and unstressed features. Cohen et al. hypothesized that 

the process of inhibiting secondary or irrelevant features may be impaired in aphasic 

individuals; that is to say, they have difficulty separating or remembering relevant versus 

irrelevant information. 

The efficacy of an attention training program, that targeted a variety of attention 
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processes, for left and right hemisphere damaged patients was examined by Stunn and 

Willmes (1991). Their left-hemisphere damaged group consisted of 24 individuals with 

aphasia of various types (i.e., global, Wernicke, Broca, Amnesic and not classifiable) 

ranging from 4 to 36 weeks post-onset. The pretraining results from various attention 

tasks indicated that the aphasic individuals had high error rates for complex choice 

reactions. Stunn and Willmes interpreted these results to suggest an impairment of a 

"special kind of ' selective attention'" (p. 277). In comparison to the right-hemisphere 

damaged group, the aphasic group showed greater and more generalized training effects 

on tasks including simple auditory and visual reaction time, visual vigilance and speeded 

cancellation tasks. This improvement was maintained for nine weeks following cessation 

of the training program. For both groups, little generalization of the training effects to 

more general cognitive functions was obseIVed. Stunn and Willmes proposed that this 

lack of generalization may indicate that specific attention functions must be targeted and 

trained individually. 

Arvedson and McNeil (1986a) studied the performance of 10 mildly to moderately 

aphasic subjects with left hemisphere lesions, lOnon-aphasic subjects with right 

hemisphere lesions and 10 healthy control subjects on semantic-lexical focused and 

divided attention tasks. In terms of aphasia type, there were four subjects with anomic 

aphasia, four with Wernicke's aphasia and two with mixed aphasias. Semantic judgement 

and lexical decision tasks were presented binaurally to examine whether or not one 

attention resource could subseIVe several subcomponents of the linguistic system. In the 
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semantic judgement task, stimuli were spoken by a female, and subjects said "right" for 

in-class category words and "wrong" for out-of-class words. Lexical decision stimuli 

were spoken by a male; in this task, subjects said "yes" to real English words and "no" 

to non-words. In the focused attention condition, subjects were instructed to attend to one 

speaker only and to ignore the other (e.g., for the semantic judgement task, subjects 

responded to the female voice and ignored the male voice). Performance was analyzed 

in terms of both accuracy and response time (i.e., from voice onset of stimulus word to 

voice onset of response). Data for the aphasic individuals were analyzed as an entire 

group rather than on the basis of aphasia type. 

As a pretest, the semantic judgement task was presented in a dichotic format and 

the lexical decision task was presented in isolation. The authors gave no explanation why 

the tasks were not presented in isolation. Although the aphasic group had a lower mean 

accuracy and slower mean response time, there were no significant differences between 

the three subject groups on the semantic judgement pretest. For the lexical decision 

pretest, both brain-damaged groups had similar means, which were below that of the 

control group; however this difference was also not significant. 

In the focused attention semantic judgement condition, the aphasic group 

performed poor with longer response times when compared to the control group. The 

right hemisphere lesion group did not significantly differ from either the aphasic or the 

control groups in terms of response accuracy or time. All subjects showed a similar 

response pattern in that they responded faster on correct versus incorrect responses and 
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on target versus non-target responses. Arvedson and McNeil (1986a) con chided that the 

occurrence of brain damage was a more important factor than lesion side or presence of 

aphasia. They also noted that the slower response times of the aphasic group were most 

likely related to "information processing or decision making factors " (p. 193) versus 

delays in actual response production. Support for this interpretation again came from the 

lack of significant difference in response time between right- and left-hemisphere lesion 

subjects. Both brain damaged groups performed poorer than the control group in terms 

of accuracy in the focused attention lexical decision condition. Again, there was no 

significant difference between the brain-damaged groups. There were also no significant 

group differences in terms of response times. Because all of the subject groups achieved 

similar scores on the lexical decision task in isolation (i.e. the pretest), these findings 

suggested that brain-damaged groups had not lost the ability to make lexical decisions, 

but rather had experienced some type of disruption when processing the auditory 

information under focused attention conditions. 

In contrast to the above findings, aphasic subjects performed quantitatively 

similarly to normal subjects on focused attention tasks in a study conducted by Selinger 

and Prescott (1994). Five aphasic subjectS were presented two types of auditory stimuli 

(tone pairs and classical music passages; tone pairs and language samples) simultaneously. 

For example, in the tone condition, subjects counted tone pairs and ignored the music 

passage, and in the music condition, subjects identified recurring melodies and ignored 

the tones. Although the aphasic subjects demonstrated electrophysiological differences 
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while completing the task, they performed the task as well as nonnaI subjects. These 

results should be cautiously interpreted because the sample size was small and no 

information was provided concerning type of aphasia or lesion site for the aphasic 

subjects or concerning the number or characteristics of the control subjects. 

Divided Attention 

The performance of aphasic individuals on divided attention tasks has sometimes 

been examined for reasons other than description of their attention skills. For example, 

Klingman and Sussman (1983) used a verbal-manual dual task paradigm to assess 

language lateralization in eight individuals with Broca's aphasia and eight healthy 

controls. Aphasia was due to either stroke or trauma; lesion site was most frequently 

frontal lobe, although this information was not available for four aphasic SUbjects. Tasks 

were completed under three conditions: (a) A silent control condition in which they 

tapped as fast as possible with their right and left hands separately; (b) An expressive 

language condition in which they tapped (once with each hand) while verbalizing (i.e., 

reciting days of the weeks and months of the year, naming pictures, describing pictures); 

and, (c) A receptive language condition in which they tapped (once with each hand) while 

listening to prerecorded task instructions (i.e., pointing to pictures, following directions, 

listening to a story) and then after tapping, carried out the comprehension task. There 

were no explicit instructions in the dual task conditions concerning which task subjects 

should primarily attend. It should be noted, however, that this study was one of the very 

few to include expressive language tasks in a dual task paradigm. The vast majority have 
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only examined perfonnance of receptive language tasks under dual task conditions. 

Unfortunately the researchers did not have the subjects complete the expressive or 

receptive language conditions in isolation. Therefore no comparison could be made 

between dual task accuracy and single task accuracy on the language tasks. In fact, no 

analyses of language perfonnance were made. 

Klingman and Sussman (1983) assessed finger-tapping rates and found that control 

subjects demonstrated right-hand-only disruption during concurrent expressive and 

receptive language tasks, whereas the aphasic subjects demonstrated disruption of both 

hands (i.e., intimating bilateral language representation). Interestingly, the individuals 

with Broca's aphasia displayed greater manual disruption during concurrent expressive 

language and tapping tasks in comparison to control individuals who showed equivalent 

disruption across expressive and receptive language tasks. 

Campbell and McNeil (1985) used a dual task paradigm to determine why children 

with acquired auditory comprehension problems benefit from a slow rate of speech 

presentation. These researchers gave seven children with seizure disorders and associated 

acquired language problems and seven age-matched normal children two divided attention 

tasks in which sentence pairs (commands from the Revised Token Test and commands 

designed to approximate the RTT commands) were presented simultaneously. In one 

condition, primary (those to which subjects first attended) and secondary sentences were 

spoken at a normal speech rate. In the other condition, the primary sentences were time

expanded by 75% and the secondary sentences remained at a nonna! speech rate. Of 
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interest was the subjects' perfonnance on the secondary sentences. 

Campbell and McNeil found that the language-disordered children perfonned 

significantly better on the secondary, competing sentences, when the primary sentences 

were slowed. These results argued against the proposal that language disordered 

individuals simply require more time to process incoming infonnation. If this notion were 

true, the language disordered children should not have shown improvements on the 

competing task when the primary task was time-expanded because the competing task was 

still presented at a nonnal speech rate. The more parsimonious explanation of these 

results lay in a model of defective attention allocation. The children were unable to 

distribute attention adequately when infonnation was presented at a normal rate. When 

infonnation was given slowly (i.e., task demand reduced), they had more spar~ .. 9.apacity 

available to complete the secondary task and thus, were able to distribute attention 

resources efficiently for the primary task. 

Arvedson and McNeil (1986b) also examined the dual task perfonnance of aphasic 

individuals, non-aphasic individuals with right hemisphere damage and nonnal 

individuals. All subjects perfonned semantic judgement and lexical decision tasks 

concurrently (see p. 46 for study details). In the divided attention conditions, subjects 

were instructed to attend and respond primarily to one task but also had to guess a 

response to the other task. Order of response was counter-balanced within and across 

subject groups; however, each individual responded in the same order for both divided 

attention conditions. 
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In the divided attention semantic judgement condition (i.e., the semantic judgement 

task received primary attention), all groups demonstrated significantly reduced accuracy 

in comparison to the focused attention condition. The aphasic subjects performed least 

accurately. The accuracy results for the divided attention lexical decision condition were 

similar to those for the semantic judgement condition in that all groups obtained 

significantly lower accuracies in the divided attention as compared to the focused 

attention condition with aphasic subjects again demonstrating most difficulty. All of the 

subject groups responded significantly more slowly in the focused attention versus the 

divided attention semantic judgement condition. There were no significant differences in 

response times between focused and divided attention lexical decision conditions. 

Arvedson and McNeil did not compare the response patterns for each task across divided 

attention conditions; that is, no comparison was made between the divided attention 

condition in which the task was to receive primary as opposed to secondary attention. 

Arvedson and McNeil (1 986a, b) concluded that their findings supported "an 

information processing model suggesting an interference or an accessing deficit rather 

than a loss phenomenon" (p. 197). Their results also indicated that both language tasks 

drew upon a common resource because performance decrements occurred when subjects 

moved from the focused to divided attention conditions. All groups demonstrated similar 

decrements in accuracy in shifting from the focused to the divided attention conditions 

despite the fact that theoretically, the auditory linguistic processing requirements of the 

tasks remained unchanged. As well, the hierarchy of group differences held across 
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attention conditions; although the brain-damaged groups perfonned with reduced 

efficiency, they perfonned qualitatively similarly to the control group. 

To examine the nature and magnitude of auditory vigilance/attention impainnents 

in individuals with aphasia, LaPointe & Erickson (1991) had aphasic and nonna! control 

subjects perfonn single and dual tasks. The aphasic subjects ranged from mild to 

moderate in severity; no infonnation concerning type of aphasia (i.e., fluent, nonflent) or 

site of lesion was provided. All subjects completed two task conditions, an auditory 

vigilance task by itself and an auditory vigilance task in competition with a card sorting 

task. In the auditory vigilance task, subjects listened to a pre-recorded list of 

monosyllabic words presented at a rate of one word per three seconds and raised their 

unaffected hand to indicate target words. In the card sorting task, subjects were given 

a card at a rate of one card per 10 seconds and were required to sort the cards into four 

piles on the basis of the color of the shapes. Instructions were designed to emphasize that 

the auditory vigilance task was of primary importance. 

LaPointe and Erickson (1991) found that the aphasic and control groups had 

similar accuracies when completing the auditory vigilance task in isolation. The aphasic 

group performed somewhat more poorly than the control group, but this difference was 

not statistically significant. Under the dual task condition, the control group perfonned 

with the same accuracy on the auditory vigilance task as in the single task condition. In 

contrast, the aphasic group performed significantly more poorly on the auditory vigilance 

task under the dual task condition. Except for two aphasic subjects, all others correctly 
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sorted all of the cards under the dual task condition. Subjects did not perfonn the card 

sorting task in isolation; therefore, single and dual task perfonnances of this task could 

not be compared for these two aphasic subjects. It should be noted that not all of the 

aphasic subjects showed perfonnance decrements under the dual task condition; two 

aphasic subjects only missed a few auditory targets. No attempts were made to detennine 

if these two subjects differed from the other aphasic subjects in tenns of lesion site, 

severity of aphasia, time post onset or other subject characteristics. 

Interestingly, after completing the tasks, LaPointe and Erickson interviewed 

subjects about task difficulty and the accuracy of their perfonnance. Although most of 

the aphasic subjects stated that the dual task condition was more difficult, few of them 

showed an awareness of their decreased accuracy under this dual task condition. Thus, 

even though the aphasic subjects were investing greater effort in the dual task condition, 

their increased effort did not result in efficient allocation of attention between the auditory 

vigilance and card sorting tasks. LaPointe and Erickson (1991) concluded that "deficient 

processing in conjunction with, or superimposed on, linguistic deficit may be a more 

rewarding model or view of the nature of aphasia; and perhaps a potent explanation of 

aphasic variability" (p. 518). 

More recently, Bowles and colleagues (1992) employed the LaPointe and Erickson 

(1991) paradigm with right-hemisphere damaged subjects, aphasic subjects, and age

matched control subjects. Similar to LaPointe and Erickson's findings, the aphasic 

subjects displayed significantly greater difficulty perfonning the auditory vigilance and 
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card-sorting tasks simultaneously in comparison to the single task condition. Furthennore, 

the aphasic group performed significantly worse than the other groups under dual task 

conditions. The right-hemisphere damaged and control groups performed similarly under 

single and dual task conditions; as well, neither group showed a significant performance 

decrement going from the single to the dual task condition. Bowles et al. concluded that 

the sustained attention impairment of the aphasic subjects was not related solely to the 

presence of brain damage because the right-hemisphere damaged subjects failed to display 

a similar attention impairment. These results contradict those of Arvedson and McNeil 

(1986a, b) who concluded that the occurrence of brain damage in general was a more 

important factor in predicting attention performance than presence of aphasia or right 

versus left hemisphere lesion. These opposing findings may be related to methodolgical 

differences such as the nature of the competing task (i.e., linguistic versus non linguistic) 

and task demands of the primary task. 

More recently, Tseng and colleagues (1993) examined attention allocation 

efficiency in aphasic individuals using a dual task paradigm. Tseng et al. defined the 

efficiency of attention allocation as "the ease with which a person modulates the amount 

of attentional resources for a particular task to satisfy the task demand" (p. 279). To 

study this concept, nine aphasic and 18 healthy control subjects completed phoneme 

monitoring and semantic judgement tasks under single and dual task conditions. The 

aphasic group was mild in terms of severity and varied in terms of lesion site; there was 

no mention of type of aphasia for any of these individuals and there was no attempt to 
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divide these subjects into anterior and posterior lesion groups. Within the two target-

detection tasks, target occurrence probability (i.e., .2, .5 or .8) and explicimess of 

instructions for detecting the targets (i.e., implicit or explicit) were varied. In the explicit 

condition, subjects were informed about the probability structure and about the attention 

allocation strategy most appropriate for that structure. Therefore, there were a total of six 

dual task conditions: (a) implicit-phonetic (i.e., phonetic targets at a greater occurrence 

probability than semantic targets), (b) implicit-equal, (c) implicit-semantic, (d) explicit

phonetic, (e) explicit-equal and, (t) explicit-semantic. They used the same target items 

repeatedly across conditions to ensure homogeneity of word-specific features and to 

quantify within-item variability for each subject. Subjects identified phonetic and 

semantic targets or both by pressing one of two buttons labelled "YES" or "NO" on a 

standard computer keyboard to indicate their choice. They were instructed to respond as 

rapidly and accurately as possible. 

The control group's response time for identifying phonetic targets decreased as the 

occurrence probability increased for both implicit and explicit instructions. This same 

probability effect was observed for semantic targets under the explicit instructions 

condition only. The aphasic group, however, failed to show a probability effect in terms 

of reaction time or performance accuracy under any task condition. The aphasic group 

demonstrated greater error rates in performing the tasks under all dual task conditions 

when compared to the control group. Tseng et al. also examined the within-item 

variablity of individual performances. They found that the aphasic individuals had greater 
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within-item reaction time variability versus the control subjects. In tenns of accuracy, 

aphasic subjects performed about the chance level on both tasks; this finding indicated 

that aphasic subjects were not erring due to a loss of lexical-phonological representations 

of target items but rather due to indecision in processing. Therefore, the aphasic group 

failed to display any probability sensitivity in the dual task; that is, they failed to utilize 

(consciously or subconsciously) the probability information provided, and thus, 

demonstrated a deficient attention allocation process. Tseng and colleagues hypothesized 

that the aphasic subjects were either poor at detennining the resource demands of the task 

or were slow at mobilizing and distributing their attention. 
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Summary and Hypotheses 

The literature indicates that individuals with aphasia exhibit attentional 

impainnents. Deficits in arousal, orientation, sustained attention, focused attention, and 

divided attention have been observed in individuals with a variety of aphasia types and 

lesion locations. McNeil and colleagues (Arvedson & McNeil, 1986a, 1986b; Campbell 

& McNeil, 1985; McNeil & Kimelman, 1986; McNeil, 1982, 1983; Tseng et aI., 1993) 

have speculated that the attention impainnents in aphasia are related to deficits in the 

allocation of attention rather than a reduction of attention capacity. They hypothesized 

that aphasic individuals do not efficiently allocate enough attention to meet the demands 

of a specific task due to inaccurate evaluation of task demands, slow arousal or attention 

engagement, or even a disruption of biological rhythms. 

The majority of the reviewed studies examined attention in only the auditory 

modality; when several modalities of stimulus presentation were analyzed, aphasic 

individuals appeared to have more difficulty in the auditory modality (Kriendler & Fradis, 

1968; Robin & Rizzo, 1987). Klingman and Sussman (1983) were the only researchers 

to study both the speaking and listening skills of aphasic individuals in a dual task 

paradigm. Interference was greater for their subjects with Broca's aphasia during 

speaking versus listening tasks. 

Few investigators have attempted to differentiate the attention problems of aphasic 

individuals on the basis of aphasia type or lesion site. Glosser and Goodglass (1990) 

found that individuals with aphasia due to frontal lesions perfonned more poorly than 
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aphasic individuals with posterior lesions on a sustained attention task. Kriendler and 

Fradis (1968) observed greater focused attention problems in individuals with receptive 

versus expressive or anomic aphasia; however, aphasia severity was not addressed in their 

studies and therefore, may have confounded their results. 

The purpose of this study was to investigate the effects of nonverbal and verbal 

distraction on the attention performances of aphasic individuals with anterior versus 

posterior lesions. The perfonnance of individuals with aphasia due to anterior or posterior 

lesions and healthy individuals (control group) was compared on a variety of listening and 

speaking tasks under isolation, focused and divided attention conditions. Specific 

purposes of this investigation were to: (a) compare the speaking and listening skills of 

aphasic individuals to those of healthy individuals during selected attention and task 

complexity conditions; (b) determine if individuals with aphasia due to anterior versus 

posterior lesions have differential impairments in attention allocation; and, (c) determine 

if there are differential interference effects when the secondary, distractor tasks are 

nonverbal (Experiment 1) versus verbal (Experiment 2) in nature. 

The hypotheses tested in this investigation were developed from principles 

extracted from the available literature on aphasia and attention allocation. The following 

hypotheses were posed for Experiment 1 (nonverbal distractor task): 

1) The control group will demonstrate significantly greater disruption of language skills 

on listening and speaking tasks under divided attention conditions compared to isolation 

and focused attention conditions; 
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2) Individuals with aphasia, regardless of lesion location, will demonstrate significantly 

and progressively greater disruption of language skills (as indicated by accuracy and 

response time) on listening and speaking tasks as they shift from isolation to focused to 

divided attention conditions; 

3) Across conditions, the aphasic groups will perform significantly worse than controls 

on all listening and speaking tasks; 

4) Individuals with aphasia due to anterior lesions (anterior group) will demonstrate 

significantly greater disruption of language skills under focused and divided attention 

conditions compared to individuals with aphasia due to posterior lesions (posterior group); 

5) In all conditions, all groups will demonstrate progressively and significantly poorer 

performance as the complexity and thus, task demands of listening tasks (from semantic 

categorization to sentence judgement to lexical decision) or speaking task (from phrase 

completion to rapid automatized naming) increase. Because of differences in response 

requirements among speaking tasks, no hypothesis comparing the picture description task 

to the other speaking tasks was made. 

The predictions made for Experiment 2 (verbal distractor task) were the same as 

those described for Experiment 1 except for the additional hypothesis that all groups will 

demonstrate significantly greater disruption of language skills under the divided attention 

conditions in Experiment 2 compared to divided attention conditions in Experiment 1. 
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METHOD 

Subjects 

Eighteen aphasic subjects and nine control subjects with no history of neurological 

impainnent participated in this study. The control group of normal subjects was matched 

to the aphasic groups on the basis of age, education and premorbid estimated IQ (Barona, 

Reynolds & Chastain, 1984) (see Appendix B). Subject characteristics are displayed in 

Table 1. There were no significant differences between groups for either age (f(2, 24) 

=1.387, MSE=166.065), education (f(2, 24)=.813, MSE=8.435), or estimated IQ (f (2, 

24)=2.620, MSE=48.479). Gender was not equally represented in any group, with 4/9 in 

the anterior group, 2/9 in the posterior group, and 3/9 in the control group being women. 

(Characteristics of individual subjects are listed in Appendix C.) 

No subjects had history of traumatic brain injury, alcohol or substance abuse, pre

existing communication or memory impainnent, psychiatric illness or clinical depression 

within the past six months. In addition, subjects met the following requirements: .(a) 

native speaker of English, (b) nonnal or corrected vision (no visual hemianopsia or 

agnosia), and (c) hearing threshold (aided or unaided) of35db HL or better at 0.5, 1.0 and 

2.0 kHz in at least one ear. All control subjects obtained a score of at least 24 on the 

Mini Mental Status Examination (MMSE) (Folstein, Folstein & McHugh, 1975). Because 

of the significant language demands of the MMSE, it was not used to screen aphasic 

subjects for the presence of dementia. Therefore, only subjects with aphasia who had a 

negative medical history for suspected dementia participated in this study. Table 
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1. Subject Characteristics 

Mean 

Group Age Education IQ Severity SS Post Stroke 
(Years) (Years) (Est.) ADP (Months) 

Anterior Stroke 
lli = 9) 

M 57.89 13.22 112.35 112.78 33.00 

SD 12.03 2.82 6.60 7.46 25.71 

Range 36-74 10-20 104-125 102-123 6-75 

Posterior Stroke 
lli = 9) 

M 67.67 14.67 118.86 114.56 26.33 

SD 13.09 3.35 7.83 10.26 19.08 

Range 40-79 8-19 106-126 104-135 6-55 

Control 
lli = 9) 

M 63.00 14.89 118.86 

SD 13.37 2.47 6.37 

Range 39-76 12-19 107-126 

Note. SS = Standard Score; ADP = Aphasia Diagnostic Profile. 
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Potential subjects with bilateral hemispheric strokes were also excluded. 

All subjects passed screening tests for visual and speech discrimination. A visual 

matching test was given to exclude the possibility that visual perceptual impainnent might 

interfere with picture recognition. Subject were shown four pictures and required to find 

an identical picture among four other pictures. Stimuli were taken from the Snodgrass 

and VandelWart (1980) standardized pictures. Criteria for inclusion was correct matching 

for all four target pictures. The speech discrimination screening task from the Arizona 

Battery for Communication Disorders of Dementia (ABCD) (Bayles & Tomoeda, 1991) 

was used to assure that hearing difficulty did not affect experimental results. All subjects 

were required to achieve a score of at least 80% on this task. 

Aphasic Subject Characteristics 

All aphasic subjects had incurred a left single hemisphere stroke and were 

minimally 6 months post-onset. Aphasic subjects were required to obtain a score of 4S 

or greater on the Limb Apraxia subtest of the Apraxia Battery for Adults (ABA) (Dabul, 

1979) to avoid apraxic errors that could have confounded key pressing. 

An attempt was made to examine CT or MRI head scans for all aphasic subjects. 

However, due to time and monetary constraints and more importantly health risks, recent 

scans were difficult and in one case, impossible to obtain. Therefore site of lesion was 

inferred on the basis of the CT or MRI head scan itself (if available), the CT or MRI 

head scan report, aphasia profile (e.g., Broca's, conduction), and/or physical impainnents 

(i.e., presence or absence of right hemiparesis or hemisensory defects). 
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To be included in the study, head scan, aphasia profile and physical impairment 

information had to suggest or confirm that the aphasic subject had a lesion predominantly 

in the frontal or temporoparietal regions. Nine subjects I with predominantly frontal 

lesions served as the anterior group; nine subjects with predominantly temporoparietal 

lesions served as the posterior group. The site of lesion for each subject as determined 

by these measures is listed in Table 2. There was no significant difference <R < .05) 

between the anterior and posterior groups with regard to time post-stroke or aphasia 

severity as detennined by the Aphasia Severity Standard Score of the Aphasia Diagnostic 

Profile (ADP) (Helm-Estabrooks, 1992). All experimental subjects had mildly impaired 

language skills. scoring at or above a standard score of 102 or a percentile rank of 45. 

Design and Procedures 

Two experiments were completed. During Experiment 1 (see Table 3), three 

listening tasks (semantic categorization, sentence judgement, lexical decision) and three 

speaking tasks (phrase completion. picture description, rapid automatized naming) were 

completed under four conditions (isolation, focused and two divided attention conditions); 

the distractor task during focused and divided attention conditions was nonverbal in 

nature. During Experiment 2 (see Table 4), two listening tasks (semantic categorization, 

lIt should be noted that the CT scan for one individual in the anterior group, JM, had 
been taken immediately following his stroke and did not provide any localization 
information. However. 1M's physical impairments and language profile (i.e., relatively 
intact auditory comprehension skills. non fluent output) were consistent with a 
predominantly anterior lesion. 
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Table 2. Site of Lesion in Subjects with Aphasia as Detennined from Head Scan and/or 
Head Scan Report 

Subject Group Aphasia Type Hemiparesis Lesion Location 

DF Anterior Anomic Right Frontal; Pre- & Post Rolandic 
ED Anterior Broca's Right Frontal; Basal Ganglia 
RE Anterior Anomic Right Frontal; Pre- & Post Rolandic 
RB Anterior Anomic Right Frontal; Caudate Nucleus 
JM Anterior Broca's Right Not available 
DG Anterior Anomic Right Frontal; Anterior Deep White Matter 
GF Anterior Borderline Right Frontal; Basal Ganglia 

Fluent 
FE Anterior Anomic Right Frontal; Pre- & Post Rolandic 
DP Anterior Anomic Right Frontal; Anterior Deep White Matter 

TH Posterior Wernicke's Temporo-parietal 
IT Posterior Conduction Temporo-parietal 
GB Posterior Anomic Posterior Parietal 
SV Posterior Anomic Temporo-parietal; Insula 
LC Posterior Conduction Temporo-parietal; posterior parietal 
AW Posterior Anomic Temporo-parietal; Insula 
TD Posterior Anomic Temporo-parietal 
FG Posterior Anomic Temporo-parietal 
KG Posterior Conduction Temporal 
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Table 3. Tasks and Conditions of Experiment 1 

LISTENING TASKS 
1. Semantic Categorization (SEM) 

CONDITIONS 
SEM 1 - semantic task in isolation 
SEM2 - focused attention on semantic task 
SEM3 - primary attention on semantic task/secondary attention on distractor 
SEM4 - primary attention on distractorlsecondary attention on semantic task 

2. Sentence Judgement (SENT) 
CONDITIONS 

SENT 1 - sentence task in isolation 
SENT2 - focused attention on sentence task 
SENT3 - primary attention on sentence task/secondary attention on distractor 
SENT 4 - primary attention on distractorlsecondary attention on sentence task 

3. Lexical Decision (LEX) 
CONDITIONS 

LEX 1 - lexical decision task in isolation 
LEX2 - focused attention on lexical decision task 
LEX3 - primary attention on lexical task/secondary attention on distractor 
LEX4 - primary attention on distractorlsecondary attention on lexical task 

SPEAKING TASKS 
1. Phrase Completion (PHRASE) 

CONDITIONS 
PHRASE 1 - phrase task in isolation 
PHRASE2 - focused attention on phrase task 
PHRASE3 - primary attention on phrase task/secondary attention on distractor 
PHRASE4 - primary attention on distractorlsecondary attention on phrase task 

2. Picture Description (PIC) 
CONDITIONS 

PIC 1 - picture task in isolation 
PIC2 - focused attention on picture task 
PIC3 - primary attention on picture task/secondary attention on distractor 
PIC4 - primary attention on distractorlsecondary attention on picture task 

3. Rapid Automatized Naming (RAN) 
CONDITIONS 

RAN 1 - RAN task in isolation 
RAN2 - focused attention on RAN task 

'. RAN3 - primary attention on RAN task/secondary attention on distractor 
RAN4 - primary attention on distractorlsecondary attention on RAN task 



Table 4. Tasks and Conditions of Experiment 2 

LISTENING TASKS 
1. Semantic Categorization (SEM) 

CONDITIONS 
SEM 1 - semantic task in isolation 
SEM2 - focused attention on semantic task 
SEM3 - primary attention on semantic task! 

secondary attention on lexical decision distractor 
SEM4 - primary attention on lexical decision distractorl 

secondary attention on semantic task 
2. Lexical Decision (LEX) 

CONDITIONS 
LEX 1 - lexical decision task in isolation 
LEX2 - focused attention on lexical decision task 
LEX3 - primary attention on lexical decision task! 

secondary attention on semantic distractor 
LEX4 - primary attention on semantic distractorl 

secondary attention on lexical decision task 

SPEAKING TASKS 
I. Phrase Completion (PHRASE) 

CONDITIONS 
PHRASEI - phrase task in isolation 
PHRASE2 - focused attention on phrase task 
PHRASE3 - primary attention on phrase task! 

secondary attention on RAN distractor 
PHRASE4 - primary attention on RAN distractorl 

secondary attention on phrase task 
3. Rapid Automatized Naming (RAN) 

CONDITIONS 
RAN 1 - RAN task in isolation 
RAN2 - focused attention on RAN task 
RAN3 - primary attention on RAN task! 

secondary attention on phrase completion distractor 
RAN4 - primary attention on phrase completion distractorl 

secondary attention on RAN task 
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lexical decision) and two speaking tasks (phrase completion, rapid automatized naming) 

were completed under the four conditions previously mentioned; the distractor task during 

focused and divided attention conditions was verbal in nature. 

All target" listening and speaking tasks of both experiments were completed under 

the following four conditions: (a) 1 - isolation condition in which subjects completed 

the target tasks without distraction; (b) 2 - focused attention condition in which both 

target and distractor tasks were presented but subjects completed only the target task; ( c) 

3 - divided attention condition in which subjects were instructed to attend and respond 

first to the target tasks and second to the distractor task; and, (d) 4 - divided attention 

condition in which subjects were instructed to attend and respond first to the distractor 

task and second to the target tasks. 

Experiment I took approximately 60 to 90 minutes to complete; Experiment 2 

took approximately 60 minutes to complete. Most subjects2 completed Experiments 1 and 

2 on separate days, with order of experimental presentation counterbalanced. Practice 

preceded experimental conditions. Potential subjects met the criterion of 60% accuracy 

during a practice condition. Feedback concerning response accuracy was provided on 

practice trials. 

Tasks and conditions were presented in the order shown in Tables 3 and 4. 

Presentation order reflected a hypothesized hierarchy of task difficulty. The listening 

2 Two subjects, DO and OF, completed both experiments on the same day due to 
transportation constraints. 
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task hierarchy (SEM<SENT<LEX) was designed to place progressively increasing 

linguistic demands on the listener. SEM required that a target word be recognized at the 

category or "connotation" level only (Goodglass, 1993). SENT required analyses of 

semantics, word order and morphology (Goodglass, 1993; MacWhinney, 1989). LEX 

involved searching the entire mental store of phonological representations for a match to 

the target string of sounds; meaning is accessed if the sound string is recognized as a 

word (Bayles & Kazniak, 1987). Similarly, the hierarchy of speaking tasks (pHRASE 

<PIC<RAN) reflected progressively greater speech and language requirements. PHRASE 

requires the production of a single word that has been constrained by semantic context 

(Wyke, 1962). PIC involves production of connected speech (i.e., semantics, syntax, 

pragmatics) that has been constrained by communicative context (i.e., description of a 

picture that both the speaker and experimenter can see) (Bayles & Kazniak, 1987; 

Goodglass, 1993). Although the RAN task has fewer linguistic demands (i.e., retrieval 

and production of a limited set of nouns), its rapid motor articulatory demands exceed 

those of the other speaking tasks (Katz, Curtiss & Tallal, 1992). 

EXPERIMENT 1 PROCEDURES 

Experiment 1: Distractor Task 

Stimuli. An auditory vigilance task designed to be primarily non-verbal in nature 

served as the distractor for Experiment 1. Twenty pure tones (ten 500 Hz and ten 2000 

Hz) were presented in random order. The total number of tones presented varied during 
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RAN and PIC tasks so that the tones were heard throughout the two minute allotted 

speaking time. Generally, tone duration was 500 IDS. In conditions in which the tones 

competed with verbal stimuli, they were matched in duration. 

Instructions. Subjects were instructed to press a green key labelled mGH when 

they heard a high tone and to press a yellow key labelled LOW when they heard a low 

tone. For this task and all other tasks that required a key-press response, subjects were 

encouraged to respond as quickly as they could using their unaffected hand. 

Experiment 1: Listening Tasks 

1. Semantic Categorization (SEM) 

Stimuli. The 10 most frequently occurring in-class exemplars and 10 out-of-class 

concrete nouns (Battig & Montague, 1969) were used to compose each SEM lisf (see 

Appendix D). In-class and out-of-class words were randomized for each list and were 

recorded by a female speaker. In conditions in which the word stimuli were presented 

simultaneously with distractor tones, an equal number of high and low tones was 

superimposed upon in- and out-of-class stimuli (i.e., five in-class words mixed with five 

high tones, five out-of-class words mixed with five high tones etc.). 

Instructions. Subjects were instructed to press a red key labelled YES on the 

computer keyboard when they heard an in-class category item and a blue key labelled NO 

when they heard an out-of-class item. 

3For all tasks, six lists of stimuli were used, one practice and five experimental. The five 
experimental lists were randomly assigned to experimental conditions. 
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2. Sentence Judgement (SENT) 

Stimuli. Lists of 20 simple sentences were recorded by a male speaker (see 

Appendix E). Ten sentences were grammatically correct; the other 10 had illegal verb 

fonns. All grammatically correct sentences were present progressive subject-verbing-

object sentences (e.g. I am riding the wild horse). Incorrect verb fonns were created by 

inserting an incorrect auxilliary verb or by affixing an incorrect suffix to the main verb 

(e.g., I am tied his shoelace). Auxilliary verbs or suffixes were perceptually dissimilar 

to the correct auxilliary verb or suffix. Sentence lists were matched for length and 

grammatically correct and incorrect sentences were randomized for each list. For 

conditions SENT2, SENT3 and SENT4, an equal number of high and low tones was 

superimposed on correct and incorrect sentences. 

Instructions. Subjects pressed a red key labelled YES on the computer keyboard 

when they heard a grammatically correct sentence; they pressed a blue key labelled NO 

when they heard a grammatically incorrect sentence. 

3. Lexical Decision (LEX) 

Stimuli. Each list contained 10 real words and lOnon-words randomized and then 

recorded by a male speaker (see Appendix F). Real words were matched in tenns of 
, 

syllable length, part of speech, and frequency (Kucera & Francis, 1967). Non-words were 

derived by replacing a single pseudorandomly selected letter in a real word by another 

letter to produce an orthographically legal, pronounceable non-word (e.g., active changed 

to actire). To assure that they could be differentiated, five unimpaired individuals listened 
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to a randomized tape recording of the stimuli and then wrote the word or non-word. All 

of the stimuli were identified by this group of listeners with 100% accuracy. An equal 

number of high and low tones was superimposed on real words and non-words for 

focused and divided attention conditions. 

Instructions. Subjects were instructed to press the red YES key on the computer 

keyboard when the stimulus was a real English word and the blue NO key when the 

stimulus was a non-word. 

Experiment I: Speaking Tasks 

1. Phrase Completion (PHRASE) 

Stimuli. Each list (see Appendix G) was recorded by a male speaker. Half of the 

phrase completions had a relatively closed set of appropriate responses (e.g., As pleased 

as .; Read between the .) whereas the other half had a relatively open set of 

appropriate responses (e.g., He carried the .; He practiced the .). All were 

designed to elicit one-word, noun responses. Ten randomized "closed set" and 10 "open 

set" phrase completions comprised each list. Ten high and low tones were superimposed 

on the "closed set" and "open set" phrase completions for conditions PHRASE2, 

PHRASE3, and PHRASE4. 

Instructions. Subjects were instructed to complete each phrase aloud with one 

appropriate word. They were repeatedly reminded to respond with a single word. No 

time constraints were placed upon subjects when completing this speaking task. 
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2. Picture Description (PIC) 

Stimuli. Pictures from the W AB (Kertesz, 1982), ADP (Helm-Estabrooks, 1992), 

Brief Test of Head !uiY!:Y (Helm-Estabrooks & Hotz, 1991), ABA (Dabul, 1979), and 

Nicholas and Brookshire (1993) were used as stimuli for this task. Their use was 

randomized across conditions. 

Instructions. Subjects were instructed to describe each picture. They were given 

two minutes. 

3. Rapid Automatized Naming (RAN) 

Stimuli. Materials and procedures adapted from Denckla and Rudel (1974, 1976) 

were used. Fifty line drawings of five items (Snodgrass & Vanderwart, 1980) were 

pasted on a large poster board (see Appendix H). Pictured objects were matched for 

frequency (Kucera & Francis, 1967) and syllable length. Like Denckla and Rudel's (1974, 

1976) stimuli, each set of pictured objects was intended to evoke four monosyllabic and 

one disyllabic word responses. It should be noted that if word-frequency is controlled, 

naming latency is not related to the length of the articulatory pattern of words (Oldfield, 

1966). 

Instructions. Before subjects began the RAN task, they were asked to name each 

picture. If a subject then incorrectly named a picture, he or she was corrected and 

allowed additional practice. Subjects began naming at the top of the page, moving from 

right to left. In order to minimize distraction, they were shown only one row of RAN 

stimuli at a time. Subjects named pictures for two minutes. 
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Experiment 2: Distractor Tasks 

76 

The distractors used in Experiment 2 were verbal in nature (as opposed to 

Experiment 1 in which the distractor was non-verbal in nature). Each listening task 

served as the distractor for the other listening task (i.e., the LEX task was the distractor 

for the SEM task and vice versa). Similarly, each speaking task served as the distractor 

for the other speaking task (see Table 4). 

Experiment 2: Listening Tasks 

1. Semantic Categorization (SEM) 

Stimuli. Each list (see Appendix I) consisted of 20 in-class and 20 out-of-class 

words recorded by a female speaker. Lists were constructed in the manner described for 

Experiment I. 

Instructions. Subjects pressed a green key labelled YES when they heard a 

category member and a yellow key labelled NO when they heard a word that was not a 

category member. Subjects were encouraged to respond as quickly as possible with their 

unaffected hand for both SEM and LEX tasks. 

2. Lexical Decision (LEX) 

Stimuli. Each list (see Appendix 1) consisted of 20 real words and 20 non-words 

recorded by a male speaker. Stimuli lists were constructed in the manner described for 

Experiment 1. 

Instructions. Subjects were instructed to press a red key labelled YES on the 
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computer keyboard when they heard the man say a real English word and a blue key 

labelled NO when they heard a non-word. 

Experiment 2: Speaking Tasks 

1. Phrase Completion (PHRASE) 

Stimuli. Each list (see Appendix K) was recorded by a male speaker and 

constructed similarly as for Experiment 1. 

Instructions. Task instructions were similar to those of Experiment 1. 

2. Rapid Automatized Naming (RAN) 

Stimuli. RAN task's stimuli (see Appendix L) were constructed as previously 

described for Experiment 1. 

Instructions. Task instructions were similar to those of Experiment 1. Total task 

time for conditions RAN3 and RAN4 was dependent on how long it took the subject to 

complete the distractor PHRASE task. 

Equipment and Stimulus Recording Procedures 

Word and phrase lists were recorded in a sound proof room using a digital audio 

tape recorder (Panasonic SV -3500). A 1000 Hz calibration tone was first recorded at a 

set intensity level to assure that all the word lists (female and male speakers) were 

recorded at a similar intensity level. Tone stimuli were generated and enveloped with 

SoundEditill software on a MacIntosh IIcx computer. SoundEdittl software was also used 

to trim, amplify and mix tone and speech stimuli. In conditions that involved presentation 
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of competing stimuli, the pairs differed by no more than 15 ms; thus, the two different 

items were heard simultaneously. The intensity of paired stimuli was matched within 5 

dB of each item's peak intensity. These stimuli were presented via free field using a 

loudspeaker placed approximately one meter in front of the subject. Intensity of 

presenting stimuli was adjusted according to each subject's wishes during practice trials. 

Stimuli of SEM, SENT, LEX, PHRASE and tone distractor tasks were presented 

and controlled by a Macintosh IIcx or a Power MacIntosh 6100/60 computer using 

PsyScope software (Cohen, MacWhinney, Flatt & Provost, 1993). Both visual and 

auditory instructions preceded each task. The visual instructions were presented in 18-

point, bold font centered on the computer monitor. At the same time, the experimenter 

verbally elaborated these instructions and encouraged subjects to ask questions if they 

failed to understand. The experimenter told subjects that once they began a task, no 

questions could be asked and no feedback would be given. 

Stimuli were presented with a 1000 ms silent interstimulus interval (ISI), defined 

as the time period from the response offset to the onset of the subsequent stimulus. The 

lSI for distractor tones was increased during certain conditions (PIC2 and RAN2) so that 

tones were presented throughout the speaking tasks. The lSI for the distractor phrase 

completion stimuli of Experiment 2's RAN2 was increased to 1500 ms so that again, 

distractor stimuli would be presented throughout the RAN task. 

Although subjects were instructed to respond as quickly as they could, they were 

given as much time as needed. Listening and distractor tasks of Experiments 1 and 2 
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were programmed with PsyScope for on-line computation of accuracy and reaction time 

(RT). RTs were calculated from the onset of the target stimulus. RT data were not 

collected for any speaking tasks; accuracy data from the speaking tasks were determined 

off-line. 

Stimuli for RAN and PIC tasks were reproduced on a llx14" and a 8.5xll" 

laminated sheet of white card stock, respectively. After the task instructions, each sheet 

was placed in front of the computer monitor and held there by the experimenter until task 

completion. 
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RESULTS 

Due to the extensive number of analyses completed, the results of Experiments 1 

and 2 are first presented separately. For each experiment, listening task data and analyses 

are presented first followed by speaking task data and analyses; the results of objective 

analyses (accuracy then RT data), examination of attention allocation strategy, and 

subjective analysis of response patterns are included. Following presentation of each 

experiment, the results of between-experiment comparisons are shown. Lastly, the 

relations between various variables and the aphasic groups' perfonnances and reliability 

of expressive language transcription and analysis are examined. 

Experiment 1: Listening Tasks 

A. Accuracy 

The percent correct group accuracy means and standard deviations for SEM, SENT 

and LEX tasks across the four conditions are displayed in Table 5. It should be noted 

that two subjects in the posterior group failed to meet the accuracy criterion for the SENT 

task; therefore, the posterior group mean for this task is based on N=7. All group 

accuracy means were arcsine transfonned prior to statistical analyses. The data 

transformation was completed to help ensure that variance size was unrelated to mean 

size, to normalize the data distribution, and to create a linear scale (Studebaker, 1985). 

The transfonned data are presented in Figures 3,4 and 5. 

A mixed 3-factor within-subjects analysis of variance (ANOV A) with group as 



81 

Table 5. Percent Correct Group Accuracy Means and Standard Deviations for Semantic 
Categorization (SEM), Sentence Judgement (SENT), and Lexical Decision (LEX) Tasks 
of Experiment 1 (with Nonverbal Distractor) 

Task Group 1 
M SD 

2 
M 

Condition 

SD 

SEM Anterior 98.3 0.025 . 91.7 0.071 

Posterior 97.5 0.017 93.5 0.086 

Control 99.4 0.017 98.9 0.022 

SENT Anterior 94.4 0.073 88.9 0.070 

Posterior 89.3 0.893 85.7 0.110 

Control 98.3 0.025 96.7 0.035 

LEX Anterior 92.2 0.067 86.1 0.060 

Posterior 89.5 0.128 77.5 0.161 

Control 96.1 0.055 90.0 0.043 

3 
M SD 

88.9 0.111 

86.5 0.102 

95.0 0.035 

90.6 0.063 

85.7 0.137 

96.1 0.042 

86.7 0.087 

77.0 0.133 

90.6 0.039 

Note: See Table 3 for a description of each condition. 

4 
M SD 

88.9 0.078 

92.0 0.117 

96.1 0.049 

80.6 0.072 

82.9 0.163 

93.9 0.060 

84.4 0.092 

80.0 0.150 

92.2 0.036 
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Figure 3. Percent correct group accuracy means on the Semantic Categorization task of 
Experiment 1 arcsine transfonned. 
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Figure 4. Percent correct group accuracy means on the Sentence Judgement task of 
Experiment 1 arcsine transformed. 



1.6 

~ 1.4 
Q 
~ 
~ 1.2 ... 
= ~ 1 
-< 
'tS e 0.8 ... 
cS: !a 0.6 
~ 

e: = 0.4 
·6 < 0.2 

o 
LEXl 

84 

• Anterior 

D Posterior 

a:E .Control 

LEX2 LEX3 LEX4 
Condition 

Fi gure 5. Percent correct group accuracy means on the Lexical Decision task of 
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Table 6. Analysis of Variance for Group Accuracies on Listening Tasks of Experiment 

1 

Group Condition Task Group x Group x Condition Group x 
Condition Task x Task Condition x Task 

f 5.174 27.503 23.85 1.370 1.778 3.345 0.829 

df 2 3 2 6 4 6 12 

n 0.014* 0.000· 0.000· 0.240 0.150 0.004· 0.621 

·Significant at n<.05 

the between-subjects factor and task and condition as within-subjects factors was used to 

analyze the transfonned accuracy data. Table 6 shows that significant main effects were 

observed for group C!!=.014), task C!!<.001) and condition C!!<.00l). The task by condition 

interaction effect was also found to be significant C!!=.004). Tukey pairwise comparisons4 

were completed to analyze these significant findings further. These post-hoc analyses 

indicated that both aphasic groups were significantly less accurate than the control group 

but that there was no difference between the two aphasic groups. Although the aphasic 

groups' performances were worse than controls, overall they did surprisingly well, 

especially during condition I; in fact, no significant differences were observed between 

" 

aphasic groups and the control group during condition 1 of any listening task of this 

experiment. It should be recalled, however, that aphasic participants were only mildly 

4In all post-hoc analyses, the appropriate error tenn and degrees of freedom were 
substituted into Systat (1992) software's options for the Tukey pairwise comparisons. The 
results of post-hoc analyses were considered significant at the n<.05 level. 
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impaired in terms of overall ADP severity scores. Contrary to initial hypotheses, no 

consistent pattern of better perfonnance by posterior versus anterior group was observed. 

Overall both SENT and LEX tasks were more poorly perfonned than the SEM task; 

conditions LEX2 and LEX4 were also mare poorly perfonned than conditions SENT2 and 

SENT4, respectively. These results provided support for the hypothesized heirarchy of 

task difficulty (SEM<SENT<LEX). 

Although the control group showed little breakdown across the various conditions, 

both aphasic groups perfonned .Iess accurately as they shifted from condition 1 to 

conditions 2, 3 and 4. The perfonnance decrement observed between condition 1 and 

conditions 3 and 4 was· significant. Therefore the aphasic subjects were more sensitive 

than control subjects to the increased demands of the more difficult conditions (i.e., 

condition 4 required completion of two tasks and therefore was predicted to place greater 

capacity demands upon a subject in comparison to condition 1, which required completion 

of only one task). 

B. Reaction Time 

Table 7 displays group means and standard deviations for reaction times (RT) on 

the SEM, SENT and LEX tasks across the different conditions. A logarithmic 

transformation was completed on the RT data before submitting them to statistical testing. 

This type of transformation helps normalize the distribution as well as linearize the 

relationship of this time variable to the other variables being analyzed (Cohen & Cohen, 
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Table 7. Group Reaction Time (ms) Means and Standard Deviations for Semantic 
Categorization (SEM), Sentence Judgement (SENT). and Lexical Decision (LEX) Tasks 
of Experiment 1 (with Nonverbal Distractor) 

Condition 

Task Group 1 2 3 4 

SEM Anterior M 1354.82 1516.28 2494.25 3609.63 
SD 174.14 246.93 415.98 630.86 

Posterior M 1351.51 1704.92 3366.15 4392.25 
SD 258.75 452.79 1325.51 1604.91 

Control M 1083.36 1198.66 2052.46 2648.57 
SD 177.23 177.31 921.17 536.12 

SENT Anterior M 2580.91 2583.50 3445.84 4455.37 
SD 402.87 519.05 571.53 694.72 

Posterior M 2732.99 2721.12 4008.17 4257.05 
SO 318.37 388.56 1157.51 984.02 

Control M 2200.86 2184.44 2822.23 3195.71 
SD 254.47 369.91 539.96 528.17 

LEX Anterior M 1566.52 1651.03 2487.23 3608.10 
SD 257.15 328.80 455.34 567.48 

Posterior M 1725.99 1855.51 2917.22 3520.12 
SO 458.60 420.25 661.51 1149.76 

Control M 1344.06 1396.23 1984.65 2438.08 
SD 100.67 241.15 331.04 400.77 



88 

3.8 -

• Anterior 

El Posterior 

83l Control 

SEMI SEM2 SEM3 SEM4 

Condition 

Figure 6. Group reaction time (RT) means on the Semantic Categorization task of 
Experiment 1 logarithmically transfonned. 
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Figure 7. Group reaction time (RT) means on the Sentence Judgement task of 
Experiment I logarithmically transformed. 
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I logarithmically transformed. 
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Table 8. Analysis of Variance for GrouQ Reaction Times on Listening Tasks of 
EXQeriment I 

Group Condmon task Group x uroup x Condition Group x 
Condition Task x Task Condition x Task 

F 8.855 271.13 199.08 2.067 0.357 22.643 0.537 

df 2 3 2 6 4 6 12 

R 0.002* 0.000* 0.000* 0.069 0.838 0.000* 0.887 

*Significant at R<.05 

1983). Furthermore, RTs from incorrect responses and RTs that were outlierss (i.e., 

greater than 2 standard deviations above or below the given individual's mean RT for that 

task condition) were excluded from any analyses. Figures 6, 7 and 8 illustrate the 

transformed RT group means for each task. 

A mixed 3-factor within-subjects ANOV A with group as the between-subjects factor 

and task and condition as within-subjects factors was used to analyze the transformed 

RT data. All main effects for group, task, and condition were found to to be significant 

(see Table 8). Only one interaction effect, condition by task, was significant (P,<.001). 

Post-hoc analyses indicated that both aphasic groups responded significantly more slowly 

than the control group; no significant difference in RTs was observed between the anterior 

and posterior groups. The lack of significant group by task and group by condition 

5RT outliers were most frequently in response to the first stimulus of a task. Other RT 
outliers occurred when subjects would ask questions or make comments about their 
performance during a task run. 
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interaction effects indicated that aphasic and control groups showed similar increments 

in RT as task and condition demands increased. Therefore, in terms of RT, the aphasic 

subjects responded to increased capacity demands in a manner qualitatively similar to 

control subjects. 

The order of tasks in terms of fastest to slowest RTs was SEM<LEX<SENT. All 

subjects were slower to respond during the SENT task because they had to listen to more 

information (i.e., at least two words versus only one word in SEM and LEX tasks). No 

consistent condition RT pattern was observed across the tasks; however, for both the . 

SEM and LEX tasks, progressively larger RTs were observed as condition complexity 

increased. 

C. Attention Allocation Strategy 

Swanson (1989) noted that negative correlations between the target and distractor 

task performances were indicative of a "trade-off' or prioritizing allocation strategy; that 

is, during divided attention conditions in which the target and distractor tasks depend 

upon a common attention/capacity pool, subjects may allocate attention to one task at the 

expense of their performance on the other task. A "sharing" strategy is indicated by 

positive correlations between the target and distractor task performances. This strategy 

may be seen if completion of the target task does not exhaust the common pool of 

capacity and thus, capacity can be shared between the target and distractor tasks. Lastly, 

a "transfer" of information between the target and distractor tasks may be documented by 

examining the number of intrusion errors (i.e., subjects respond to distractor task stimuli 
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when they have been instructed to respond to target task stimuli). 

Using Swanson's (1989) methods, the allocation strategy for each group was 

determined for each listening task separately. Pearson product moment correlations for 

target and distractor task accuracies during divided attention conditions are listed in Table 

9. The majority of correlations were positive but not significant. These findings 

indicated that the prominent attention allocation strategy for posterior and control groups 

was to share capacity between target and distractor tasks. In contrast, the anterior 

group's correlations reflected a trade-off pattern of attention allocation (Le., negative· 

correlations); these subjects' performance of the tone task suffered at the expense of 

maintaining high accuracy during SEM and LEX tasks. Correlations between target and 

distractor task RTs were also calculated. All correlations for all tasks and groups were 

significantly positive rn < .05) again suggesting that all subjects, regardless of group, 

shared attention resources between the tasks. 

Table 9. Pearson Product Moment Correlations for Target Listening and Distractor Task 
Accuracies from Divided Attention Conditions of Experiment 1 

Group 
Task Anterior Posterior Control 
SEM -.083 .570 .592 

SENT .724* .694 -.132 

LEX -.301 .799* .500 
*Significant at II < .05 
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D. Subjective Analysis of Response Patterns 

Semantic Categorization. Most subjects regardless of group tended to be more 

accurate at identifying in-class items as opposed to out-of-class items across conditions. 

(See Appendix M, Table M-l for 'individual mean accuracy scores.) Exceptions to this 

pattern were found in the posterior group during SEM3; four subjects in the posterior 

group had better out-of-class accuracy than in-class accuracy. During divided attention 

conditions of all listening tasks, both aphasic groups demonstrated difficulty maintaining 

the required response order (e.g., first tone, second word); futhermore, they rarely 

acknowledged their difficulty with maintaining response sequence. Control subjects 

seldomly demonstrated this problem and verbally noted it when it happened. 

All groups responded faster to in-class than out-of-class items during both SEMI 

and SEM2 conditions. (See Appendix M, Table M-2 for individuals mean RTs.) This 

pattern of faster response to target versus non-target stimuli has been previously reported 

for both aphasic and control subjects (Arvedson & McNeil, 1986a,b; Bradshaw & 

Nettleton, 1983). Although most subjects displayed this response pattern across SEM3 

and SEM4 conditions, a few subjects in each group responded faster to out-of-class versus 

in-class items. This suggested that these subjects adopted a different strategy for the 

divided attention tasks in which it was easier for them to identify non-targets as opposed 

to targets. 

Overall, a speed/accuracy trade-off was observed in each group; that is, subjects 

maintained good accuracies by slowing down their RTs possibly to give themselves more 
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time to process stimuli and decide upon a response. For a few aphasic subjects (e.g., KG, 

Le, RB), slower RTs did not necessarily result in maintainance of perfonnance accuracy 

as they shifted from easy to more difficult conditions. 

Sentence Judgement. Most individuals, independent of group, identified 

grammatically incorrect sentences more accurately than grammatically correct sentences 

during SENTI. (See Appendix M, Table M-3 for individual mean accuracy scores.) For 

all other conditions, judgement accuracy did not appear to be related to grammaticality. 

Agrammatical sentences were correctly identified more quickly than grammatical 

sentences for all conditions except SENT4. (See Appendix M, Table M-4 for individual 

mean RTs.) Because subjects had to listen to the entire sentence to determine 

grammaticality whereas they only had to listen to the first two or three words to note that 

a sentence was agrammatical, this pattern of response was expected. Several subjects in 

each group (two thirds of the anterior group) responded faster to grammatical sentences 

during SENT4; these subjects also had shown better accuracy for sentences grammatical 

than for agrammatical sentences. 

Once again, there was a speed/accuracy trade-off across conditions. All groups 

maintained accurate perfonnances by increasing RTs during more difficult conditions. 

Lexical Decision. The pattern of response accuracy with respect to real words 

versus non words varied across the groups and conditions. Most anterior and posterior 

subjects identified non words more accurately than real words. (See Appendix M, Table 

M-5 for individual mean accuracy scores.) The control group's response pattern was 
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similar to this during LEX 1 and LEX2 but reversed during divided attention conditions. 

One posterior subject basically identified evety stimulus as a non word whereas another 

posterior subject basically identified evety stimulus as a real word; no anterior or control 

subjects displayed this type of response pattem. 

Independent of group membership, most individuals identified real words faster 

than non-words during LEXl and LEX2 conditions. (See Appendix M, Table M-6 for 

individual mean RTs.) This response pattern has been previously reported for both 

aphasic and control subjects (Arvedson & McNeil, 1986a,b; Bradshaw & Nettleton, 1983). 

Interestingly, regardless of group, over half of the subjects identified non-words more 

quickly than real words during LEX3; two-thirds of the anterior group and approximately 

one third of the posterior and control groups continued to display this response pattem 

during the LEX4. The same anterior subjects displayed this "non-word faster than real 

word" RT pattern across both divided attention conditions. 

For most subjects, slower RT but relatively good accuracies were observed during 

the more difficult conditions. Therefore, subjects in all groups were capitalizing upon a 

speed/accuracy trade-off. 

Experiment 1: Speaking Tasks 

A. Accuracy 

Phrase Completion and RAN. Table 10 presents the percent correct group 

accuracy means and standard deviations for the PHRASE and RAN tasks. Two posterior 
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subjects were unable to achieve the 60% accuracy criterion for the PHRASE task whereas 

two anterior subjects were unable to meet criterion for the RAN task. Therefore group 

means for these groups and tasks are based upon N=7. Once again, group accuracy 

means were arcsine transformed prior to statistical analyses. These transformed data are 

presented in Figures 9 and 10. 

The transformed accuracy scores were submitted to a mixed 3-factor within-

subjects ANOV A with group as the between-subjects factor and task and condition as 

within-subjects factors. Table II shows that significant main effects were observed for 

group Cl!=.004), task Cl!<.OOI) and condition Cl!<.OOI). Significant group by condition 

Cl!<.OO 1) and group by task by condition Cl!=.028) interaction effects were also observed. 

Tukey pairwise comparisons indicated that both aphasic groups were significantly 

poorer at completing phrases and naming pictures than the control group; there was no 

significant difference between aphasic groups. The control group displayed no significant 

variation in accuracy as condition demands increased. The posterior group showed a 

similar response pattern on the RAN task but showed performance decrements as 

condition complexity increased during the PHRASE task. The fact that two posterior 

subjects could not meet criterion for the PHRASE task also indicated that capacity 
, 

demands were greater during PHRASE versus RAN tasks for this group. The anterior 

group's performances of PHRASE4 and RAN4 conditions were significantly poorer than 

their performances of other conditions. Therefore, increasing task and condition 
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Table 10. Percent Correct Group Accuracy Means and Standard Deviations for Phrase 
Completion and Rapid Automatized Naming Tasks of Experiment 1 

Condition 
Task Group 1 2 3 4 

Phrase Anterior M 81.1 75.6 77.2 71.7 
SD 0.160 0.167 0.133 0.162 

Posterior M 85.0 82.1 80.7 70.7 
SD 0.108 0.163 .203 0.157 

Control M 96.1 95.6 92.2 97.2 
SD 0.049 0.077 0.057 0.026 

RAN Anterior M 98.7 95.6 96.3 76.5 
SD 0.018 0.065 0.060 0.347 

Posterior M 92.8 89.4 91.3 94.9 
SD 0.105 0.153 0.142 0.099 

Control M 99.6 99.8 99.8 99.8 
SD 0.006 0.003 0.005 0.004 

Table 11. Analysis of Variance for Group Accuracies on Phrase Completion and Rapid 
Automatized Naming Tasks of Experiment 1 

Group condition Task Group x Group x condition Group x 
Condition Task x Task Condition x Task 

E 7.376 8.068 72.159 5.124 1.836 0.470 2.564 

df 2 3 1 6 2 3 6 

p 0.004* 0.000* 0.000* 0.000* 0.185 0.704 0.028* 
*Signiticant at 12 < .05 
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Figure 9. Percent correct group accuracy means on the Phrase Completion task of 
Experiment 1 arcsine transfonned. 
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demands affected the aphasic groups' but not the control group's performances. 

B. Naming Rate 

RAN. Naming rates (Le., number of pictures named per minute) were also 

examined and group means are presented in Figure 11. A mixed 2-factor within-subjects 

ANOV A with group as the between-subjects factor and condition as the within-subjects 

factor produced significant main effects and a significant group by condition interaction 

effect en < .001) (see Table 12). Post-hoc testing indicated that the control group named 

pictures at a significantly faster rate than both aphasic groups. There was a tendency for 

the posterior group to name pictures faster than the anterior group but this difference was 

not significant. Anterior and control groups' rates were faster for conditions RANI and 

RAN2 in comparison to conditions RAN3 and RAN4. The posterior group showed a 

similar rate pattern with the exception of an increase in naming rate when shifting from 

condition RANI to RAN2. 

c. Picture Description 

Performance of the PIC task was analyzed in terms of word counts per minute 

Table 12. Analysis of Variance for Naming Rates on the Rapid Automatized Naming 
Task of Experiment 1 

Group Condition Group x Condition 
E 54.726 59.108 5.067 

2 3 6 

p 0.000* 0.000* 0.000* 
*signiticant at p < .05 
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(WC) and correct infonnation units per minute (CIU). Group WC and crn means are 

graphically displayed in Figures 12 and 13. Separate mixed 2-factor within-subjects 

ANOV As with group as the between-subjects factor and condition as the within-subjects 

factor for WC and CIU data were completed. The results of these analyses are presented 

in Tables 13 and 14, respectively. 

These statistical analyses indicated that there were significant mam effects 

(Q<.OO I) for both WC and CIU data but no interaction effects. Post-hoc testing showed 

that the control group's WCs and CIUs significantly exceeded those of both aphasic 

groups. The posterior group produced larger WCs and CIUs than the anterior group 

across conditions but these differences were not significant. All groups had significantly 

greater WCs and crus during conditions 1 and 2 in comparison to conditions 3 and 4. 

No other condition comparisons were significant. Therefore, all groups demonstrated a 

qualitatively similar response pattern. 

Table 13. Analysis of Variance for Word Count Rates on the Picture Description Task 
of Experiment 1 

Group Condition Group x 
Condition 

E 13.402 23.828 0.542 

df 2 3 6 

l! 0.000· 0.000· 0.775 
·Slgnlficant at l!<'O5 
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Figure 11. Mean number of pictures named per minute by group 6n the Rapid 
Automatized Naming task of Experiment 1. 
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Table 14. Analysis of Variance for Correct Infonnation Unit Rates on the Picture 
Description Task of Experiment 1 

Group Condition 

.E 21.677 25.219 

2 3 

0.000* 0.000* 

D. Attention Allocation Strategy 

Group x 
Condition 

0.307 

6 

0.931 

The allocation strategy for each group was determined for each speaking task 

separately. Pearson product moment correlations for target and distractor task accuracies 

during divided attention conditions are listed in Table IS. The majority of positive 

correlations suggested that the prominent attention allocation strategy for posterior and 

control groups was to share capacity between target and distractor tasks. The anterior 

group's negative correlations from the PIC task indicated a trade-off pattern in which 

distractor task accuracy was sacrificed. 

E. Subjective Analysis of Response Patterns 

Phrase Completion. In general. the control group had little difficulty with this 

speaking task no matter what the condition. (See Appendix N, Table N-I for individual 

mean accuracy scores.) Both aphasic groups were generally more accurate at completing 

"closed" set as opposed to "open" set phrases, regardless of condition. This response 
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Table 15. Pearson Product Moment Correlations for Target Speaking and Distractor Task 
Data from Divided Attention Conditions of Experiment I 

Group 

Task Data Type Anterior Posterior Control 

PHRASE accuracy .339 .738 -.311 

PIC WC -.327 .015 .133 
crn -.318 .408 .118 

RAN accuracy .278 .345 .129 
rate .389 -.091 .537 

·Slgnlficant at R,<'OS 

response pattern has been previously observed in other studies (Wyke, 1962) in which 

correct verbal responses from aphasic subjects were more frequent when the number of 

response choices was reduced. 

Although it was not the purpose of this study to classify the errors subjects made 

while completing this task, a few error types were observed frequently enough to be 

mentioned. When the control group made errors, they were one of two types: (a) errors 

in which subjects misheard the stimulus, e.g., a tin of - clubs; or (b) closed set errors in 

which the subject appeared to be unfamiliar with the common phrase, e.g., as happy as 

a - baby. Both aphasic groups also made such errors, in addition to the following: (a) 

perseverative errors; (b) nonspecific vocabulary errors, e.g., he chose the - thing; (c) 

denial of self effort, e.g., "I know it but I can't say it"; (d) completed the phrase with 
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more than one word, e.g., dry as a - Arizona was this summer, an~ (e) unrelated errors, 

e.g., she drives a hard - universe. 

Picture Description. The overall pattern was that subjects used fewer words during 

divided attention conditions when compared with PICI and PIC2 conditions. (See 

Appendix N, Table N-2 for individual mean WCs and crus.) However, a few subjects 

in each group produced more words and crus during PIC2 than in PICl. For these 

subjects, the tones (presentation rate of 1 tone per 1.1 s) may have assisted their verbal 

expression by providing a set speaking rate. It is unlikely that their increase in verbal 

output was related to a practice effect, because no such increase was observed as they 

moved from the practice to isolation conditions. It is also unrelated to the picture, 

because the picture stimuli were randomly presented across conditions as well as across 

individuals. 

RAN. Two anterior subjects demonstrated great difficulty completing this task 

under divided attention conditions and basically only responded to the distractor tones 

during condition RAN4. (See Appendix N, Table N-3 for individual mean accuracies and 

naming rates.) The two most common types of naming error were either anticipatory 

(i.e., subjects named a picture that was after the target picture) or perseverative (i.e., 

subjects named a picture that had preceded the target picture). In addition to these 

naming errors, aphasic subjects produced semantic and phonemic paraphasias, and denials 

of self effort. It was common for aphasic subjects to name a picture correctly on one 

occasion and then incorrectly name it on the next occasion; aphasic subjects also 
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frequently referred to certain target items with several correct labels during a task run 

(e.g., train referred to as "engine", "train" and "locomotive"). 

Similar to the PIC task, at least half of the subjects in each group named more 

pictures during the RAN2 condition than in the RANI condition; two subjects in each 

group had also increased their verbal output during PIC2 versus PICI. Once again, it 

may be possible that the tones helped them to initiate o~' pace their verbal output. Two 

posterior subjects displayed an interesting response pattern during the RAN3 and RAN4 

conditions; they (TH and GB) opted to name a picture and then wait to identify a tone 

(or vice versa). No other subjects used this response strategy. 

Experiment 1: Distractor Task 

No particular hypotheses were made with respect to performance on the distractor 

tone task because interest was limited to the distractor task's effect on target task 

performance. However, statistical analyses of group means was completed to explore 

distractor task performance across the various listening and speaking tasks and conditions. 

(See Appendix 0, Tables 0-1 to 0-4 for group data.) 

A. Accuracy 
.' 

Distractor for Listening Tasks. A mixed 3-factor within-subjects ANOV A with 

group as the between-subjects factor and task and condition as within-subjects factors was 

used to analyze the arcsine transformed accuracy data. There were significant main 

effects for group (f(2,22)=6.3S7, n=.007), task (f(2,44)=4,334, n=.019) and condition 
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(£{3,66)=7.814, n<.OOI) and a significant condition by group interaction (£{6,66)=3.082, 

n=.O 1 0). Post-hoc analyses indicated that the control group was significantly more 

accurate than both aphasic groups; no significant difference between aphasic groups was 

found. Whereas the control group's accuracy did not vary across conditions, both aphasic 

groups showed some decline in accuracy as condition complexity increased. All groups 

performed the distractor task most accurately when it was in competition with SEM and 

least accurately when it was in competition with SENT. 

Distractor for Speaking Tasks. Results from a mixed 3-factor within-subjects 

ANOV A with one between-subjects factor (group) and two within-subjects factors (task 

and condition) indicated significant main effects for group (£(2,20)=9.204, n=.OOI), task 

(£(2,40)=39.013, n<.OO 1), and condition (£{3,60)=21.909, n<.OO 1) and significant task by 

group (£(4,40)=4.534, n=.004), condition by group (fl6,60)=2.350, n=.042) and condition 

by task (£(6,120)=2.512, n=.025) interaction effects. Once again, post-hoc testing showed 

that the control group was significantly more accurate than the aphasic groups and that 

there was no difference between aphasic groups. The control group perfonnance did not 

vary across tasks or conditions; in contrast, both aphasic groups showed significant 

declines in accuracy when they shifted to divided attention conditions (i.e., condition 

1=2>3=4). All groups performed the distractor task most accurately in competition with 

the PHRASE task. Whereas the control and anterior groups perfonned the distractor task 

least accurately with the RAN task, the posterior group displayed most difficulty in 

competition with the PIC task. 
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B. Reaction Time 

Distractor for Listening Tasks. A mixed 3-factor within-subjects ANOVA with one 

between-subjects factor (group) and two within-subjects factors (task and condition) was 

completed on the logarthmicaUy transfonned RT data. Significant main effects for group 

(E(2,22)=13.985, p,<.001), task (f(2,44)=868.912, p,<.001), and condition 

(E(3,66)=228.712, p,<.001) and significant task by group (E(4,44)=3.774, p,=.01), condition 

by task (E(6,132)=85.967, p,<.001), and task by condition by group (fl12,132)=2.361, 

p'=.009) interaction effects were observed. Tukey post-hoc pairwise comparisons 

indicated that overall, the control group responded significantly more quickly than both 

aphasic groups and there was no difference between the aphasic groups. All groups 

showed progressively longer RTs as condition complexity increased (i.e., condition 

1 <2<3<4). Control and anterior groups perfonned the distiactor task more quickly in 

competition with the SEM and LEX tasks than with the SENT task. In contrast, the 

posterior group was slowest when the SEM task was competing (i.e., LEX <SENT<SEM). 

Distractor for Speaking Tasks. Results from a mixed 3-factor within-subjects 

ANOVA with one between-subjects factor (group) and two within-subjects factors (task 

and condition) indicated significant main effects for group (E(2,19)=9.259, p,=.002), task 

(E(2,38)=262.940, p'<.00 1), and condition (f(3,57)=64.944, 11<.001) and significant task 

by group <.t(4,38)=3.017, p'=.03), and condition by task <.t(6,114) =110.759, p,<.001) 

interaction effects. The control group's RTs were significantly faster than those of both 

aphasic groups. There were no differences between the aphasic groups except when the 
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distractor was perfonned in competition with the RAN task; during this task combination, 

the posterior group was significantly faster than the anterior group. All groups perfonned 

the distractor task more slowly in competition with the PHRASE task than with the PIC 

or RAN tasks. There was a progressive increase in all groups' RTs as conditions shifted 

from 1 through to 4. 

Experiment 2: Listening Tasks 

A. Accuracy 

The percent correct group accuracy means and standard deviations for SEM and 

LEX tasks across the different conditions are displayed in Table 16. One posterior 

subject did not complete divided attention conditions for either task; therefore, the 

posterior group's means are based upon N=8. Accuracy means were arcsine transfonned 

prior to statistical analyses and the transfonned data are presented in Figures 14 and IS. 

A mixed 3-factor within-subjects ANOV A with group as the between-subjects 

factor and task and condition as within-subjects factors was used to analyze the 

transfonned accuracy data. Table 17 displays the significant main effects and significant 

task by condition interaction effect (Q<.OO 1). Tukey pairwise comparisons indicated that 

only the posterior group's accuracy was significantly worse than the control group's. 

Although there was a trend for the anterior group to perfonn better than the posterior 
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Table 16. Percent Correct Grou;Q Accurac~ Means and Standard Deviations for Semantic 
Categorization (SEM). and Lexical Decision (LEX) Tasks of Exneriment 2 

Condition 
Task Group 1 2 3 4 

M SD M SD M SD M SD 

SEM Anterior 97.5 0.033 88.1 0.130 72.8 0.096 69.2 0.170 

Posterior 96.5 0.047 77.8 0.158 68.1 0.140 69.4 0.127 

Control 98.1 0.033 96.4 0.033 84.2 0.053 84.7 0.048 

LEX Anterior 87.8 0.052 69.2 0.096 58.3 0.090 63.6 0.090 

Posterior 81. 9 0.113 54.7 0.098 60.0 0.053 53.8 0.097 

Control 93.3 0.048 76.1 0.057 69.4 0.079 66.9 0.045 

Table 17. Anal~sis of Variance for Grou;Q Accuracies on Semantic Categorization and 
Lexical Decision Tasks of Experiment 2 

Group condition Task Group x Group x condition Group x 
Condition Task x Task Condition x Task 

E 11.219 159.944 162.468 1.647 0.646 11.388 2.057 

df 2 3 1 6 2 3 6 

~ 0.000* 0.000* 0.000* 0.148 0.533 0.000* 0.070 
*Significant at ~ < .05 
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Figure 14. Percent correct group accuracy means on the Semantic Categorization task 
of Experiment 2 arcsine transformed. 
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116 

group, the difference was not significant. 

All conditions of the SEM task except for SEM4 were performed more accurately 

than any LEX conditions supporting the proposed SEM<LEX hierarchy of task difficulty. 

For the SEM task, perfonnance decrements were observed as subjects shifted from SEM2 

to divided attention conditions; in contrast, subjects showed perfonnance decrements 

shifting from LEX 1 to LEX2 conditions. This finding suggested that increasing the 

attentional demands from an isolation to a focused attention condition had more of an 

effect upon LEX than SEM perfonnance. 

B. Reaction Time 

The RT group means and standard deviations for the SEM and LEX tasks across 

the various conditions are displayed in Table 18. A logarithmic transformation was 

completed on the RT data before submitting them to statistical testing. Once again, 

outliers and RTs from incorrect responses were excluded from analyses. Figures 16 and 

17 illustrate the transformed RT group means for the SEM and LEX tasks, respectively. 

The results of a mixed 3-factor within-subjects ANOV A with group as the 

between-subjects factor and task and condition as within-subjects factors are presented in 

Table 19. Significant main effects for group (J!=.003), task (J!=.OOI) and condition 

(J!<.OO 1) were observed. As well, the interactions of task by condition (J!<.OO 1) and task 

by group (J!<.007) were significant. Post-hoc analyses indicated that the control group 

responded significantly faster than the anterior and posterior groups. The posterior group 

responded faster than the anterior group during the SEM but not the LEX task. 
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Table 18. Groul! R~ctiQn Time (ms) Mean/i ang Standard Deviations for Semantic 
Categorization (SEM)' and Lexical Decision (LEX) Tasks of EXl!eriment 2 

Condition 
Task Group I 2 3 4 

SEM Anterior M 1576.62 1746.83 3485.11 5065.26 
SD 176.88 303.50 1095.55 1728.88 

Posterior M 1548.84 1735.53 2723.02 3866.19 
SD 292.82 458.18 477.37 706.57 

Control M 1172.98 1196.59 2399.42 3473.39 
SD 118.26 151.94 623.36 563.86 

LEX Anterior M 1463.58 1765.23 4026.26 4636.57 
SD 193.44 267.36 1300.86 1626.09 

Posterior M 1539.14 1943.93 4072.17 4284.15 
SD 317.43 732.40 1424.79 955.84 

Control M 1301.40 1351.78 2731.12 3318.21 
SD 221.80 144.80 594.51 548.64 

Table 19. Analysis of Variance for GroUl! Reaction Times on Semantic Categorization 
and Lexical Decision Tasks of Experiment 2 

Group Condition Task Group x Group x Condition Group x 
Condition Task . x Task Condition x Task 

E 7.559 282.657 13.908 0.969 6.255 10.091 1.362 

df 2 3 1 6 2 3 6 

12 0.003* 0.000* 0.001* 0.453 0.007* 0.000* 0.242 
*Significant at 12 < .05 
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Only the posterior group showed significantly faster RTs on the SEM versus LEX task. 

For the LEX task, there was a progressive increase in RTs across conditions (i.e., 

LEX I <LEX2<LEX3<LEX4). This response pattern was not observed during the SEM 

task; whereas there was an overall trend for RTs to increase across conditions, there was 

no significant difference between the RTs of SEMI and SEM2 conditions. Therefore, 

increasing the capacity needs of the condition had more of an effect on LEX than SEM 

RTs. 

c. Attention Allocation Strategy 

Allocation strategies for each listening task were detennined separately. Pearson 

product moment correlations for target and distractor task accuracies during divided 

attention conditions are listed in Table 20. No correlations were significant (J!<.OS). 

Once again, a capacity sharing strategy (i.e., positive correlations) was most frequently 

observed across groups and tasks. The exception was the control group during the SEM 

Table 20. Pearson Product Moment Correlations for Target Listening and Distractor 
Tasks' Accuracies from Divided Attention Conditions of Experiment 2 

Group 

Task Anterior Posterior Control 

SEM .026 .491 -.038 

LEX .330 .092 .Ill 
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Figure 16. Group reaction time (RT) means on the Semantic Categorization task of 
Experiment 2 logarithmically transformed. 
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2 logarithmically transformed. 
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task; apparently, control subjects used a trade-off strategy so that they could maintain 

their target task perfonnance. For RT data, all correlations for target and distractor tasks 

were significantly positive <J!<.OS) indicating that there was no speed trade-off between 

tasks. 

D. Subjective Analysis of Response Patterns 

Semantic Categorization. During SEM 1, only a few errors occ~ precluding 

an analysis of accuracy; therefore there really was no pattern of in- versus out-of-class 

items. (See Appendix P, Table P-l for individual mean accuracy scores.) In contrast to 

the pattern observed during SEM2, SEM3 and SEM4 conditions of Experiment I, the 

prominent response pattern was that out-of-class items were more accurately identified 

than in-class items. Both aphasic groups demonstrated this pattern during focused and 

divided attention conditions whereas the control group displayed this pattern only during 

divided attention conditions. During SEM2, control subjects identified in-class and out

of -class items with similar accuracy. 

When required to shift from the SEMI condition, one subject in the posterior 

group (TH) could not complete the task. During SEM2, he identified all items as out-of

class items and told the experimenter that he was guessing all his responses; he then 

refused to complete either of the divided attention conditions. 

It should also be noted that many aphasic subjects, regardless of group, had 

difficulty responding in the expected response order. None of the control subjects 

demonstrated difficulty with this aspect of the experiment. Regardless of group, on this 
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task, most subjects responded more quickly to in-class than to out-of-class items across 

all conditions. (See Appendix P, Table P-2 for individuals mean RTs.) 

Lexical Decision. Across the various conditions, the control subjects were 

generally more accurate at identifying real than nonwords. (See Appendix P, Table P-3 

for individual mean accuracy scores). This pattern is opposite to that observed during the 

Experiment I. Four subjects in each of the aphasic groups were more accurate at 

identifying non words as opposed to real words during several conditions; these subjects, 

except for one, had also identified non-words more accurately than real words during 

Experiment 1. 

During the divided attention conditions, a few aphasic subjects identified almost 

every stimulus as only non-words or as only real words. No control subjects used this 

type of strategy. Many aphasic subjects displayed difficulty responding in the expected 

response order during divided attention conditions. This observation is important because 

problems with maintaining the appropriate response order most likely affected group mean 

RTs; order errors could either deflate or inflate the amount of performance decrement 

observed when shifting across conditions. 

It was common for subjects, especially aphasic subjects, to tell the experimenter 

that they were guessing to produce responses during focused and divided attention 

conditions. It was also common for subjects to say that they had difficulty concentrating 

on one speaker (i.e., female or male speaker) in comparison to the other speaker. There 

appeared to be no relationship between the subject's sex or performance to the speaker 
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of preference (e.g., both females and males preferred the male speaker; good and poor 

perfonners on SEM2 preferred the female speaker). 

Similar to Experiment I, most subjects, independent of group, identified real words 

more quickly than non-words across the various conditions. (See Appendix P, Table P-4 

for individuals mean RTs). Those subjects who showed fluctuating RT response patterns 

across conditions had also shown variable RT patterns during Experiment 1. 

Experiment 2: Speaking Tasks 

A. Accuracy 

Phrase Completion and RAN. Table 21 presents the percent correct group 

accuracy data and standard deviations for the PHRASE and RAN tasks. One posterior 

subject did not meet the 60% criterion for PHRASE; two anterior subjects were unable 

to meet the RAN criterion. Thus, the respective group means for these tasks are based 

on N=8 and N=7. Group accuracy means were arcsine transfonned before submiting data 

to statistical testing. The transfonned data are shown in Figures 18 and 19. 

A mixed 3-factor within-subjects ANOV A with group as the between-subjects 

factor arid task and condition as within-subjects fastors was completed and the results are 

presented in Table 22. All main effects were significant at the 1!<.00 1 level. Significant 

group by condition m=.042) and task by condition (Q<.OO 1) interaction effects were also 

observed. Post-hoc analyses indicated that the control group was significantly more 

accurate than the two aphasic groups; no differences were observed 
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Table 2l. Percent Correct Group Accuracy Means and Standard Deviations for Phrase 
Completion and Rapid Automatized Naming (RAN) Tasks of Experiment 2 

Condition 

Task Group 1 2 3 4 

Phrase Anterior M 83.3 78.9 70.0 52.1 
SD 0.144 0.169 0.332 0.267 

Posterior M 83.8 80.0 63.1 53.8 
SD 0.141 0.195 0.169 0.185 

Control M 97.8 98.3 94.4 94.4 
SD 0.036 0.025 0.053 0.053 

RAN Anterior M 94.7 85.8 9l.8 92.0 
SD 0.118 0.210 0.162 0.347 

Posterior M 94.2 81.0 81.7 77.0 
SD 0.080 0.134 0.262 0.322 

Control M 99.8 99.9 100.0 99.8 
SD 0.005 0.002 0.000 0.005 

Table 22. Analysis of Variance for Group Accuracies on Phrase Completion and Rapid 
Automatized Naming Tasks of Experiment 2 

Group Condition Task Group x Group x Condition Group x 
Condition Task x Task Condition x Task 

f 14.176 16.259 41.348 2.344 2.224 12.455 1.705 

df 2 3 6 2 3 6 

J! 0.000· 0.000· 0.000· 0.042· 0.133 0.000· 0.135 

·Significant at J!<.05 
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Figure 18. Percent correct group accuracy means on the Phrase Completion task of 
Experiment 2 arcsine transformed. 
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between aphasic groups. Post-hoc testing also revealed that the RAN performances were 

significantly more accurate than PHRASE. 

The control group maintained accuracies at or above 94% across tasks and 

conditions. Aphasic subjects showed a drop in accuracy when shifting from RANI to 

RAN2 conditions~ little variation in their accuracies was observed for the remainder of 

the conditions. During the PHRASE task, aphasic subjects showed progressively greater 

performance decrements across conditions (i.e., accuracy of 1>2>3>4). 

B. Naming Rate 

RAN. Figure 20 presents group mean naming rates. A mixed 2-factor within-

subjects ANDV A with group as the between-subjects factor and condition as the within-

subjects factor was used to analyze this data. Table 23 shows that significant main effects 

and a significant interaction effect were found (R<.OO 1). 

Post-hoc Tukey pairwise comparisons indicated that the control group named 

Table 23. Analysis of Variance for Naming Rates on the Rapid Automatized Naming 
Task of Experiment 2 

Group 

79.124 

2 

0.000· 

·Significant at e<.05 

Condition 

133.437 

3 

0.000· 

Group x 
Condition 

16.311 

6 

0.000· 
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pictures at a significantly faster rate than both aphasic groups. The posterior group's 

naming rates were slightly greater than the anterior group's but these differences were not 

significant. Both control and posterior groups' rates were faster during RANI and RAN2 

in comparison to divided attention conditions. Only the anterior group showed a 

significant drop in naming rate as they shifted from RAN 1 to RAN2; thus, the anterior 

group had more difficulty than the other groups filtering out the distractor stimuli. 

c. Attention Allocation Strategy 

Allocation strategies were examined for each group. Pearson product moment 

correlations for target and distractor task accuracies during divided attention conditions 

are presented in Table 24. All correlations were positive indicating that capacity sharing· 

was the only strategy used. The control group had lower correlations than both aphasic 

groups; this finding suggested that capacity sharing was more pronounced for aphasic 

subjects across tasks. 

Table 24. Pearson Product Moment Correlations for Target Speaking and Distractor Task 
Accuracies from Divided Attention Conditions of Experiment 2 

Group 

Task Anterior Posterior Control 

PHRASE .847* .370 .087 

RAN .750 .716* .499 

*Significant at ~<.05 
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D. Subjective Analysis of Response Patterns 

fhrase Completion. Similar to Experiment I, no obseJVable pattem with regard 

to "closed" versus "open" set phrases was detected for the control group. (See Appendix 

Q, Table Q-I for individual mean accuracy scores.) This finding was due to this group's 

near perfect performance across condtions. During PHRASE I, aphasic subjects were 

more accurate completing "open" than "closed" set phrases; the opposite response pattern 

was more common for the other conditions. This PHRASE 1 response pattern contradicts 

Wyke's (1962) finding in which correct verbal responses from aphasic subjects were more 

frequent when the number of response choices was reduced; however, it is possible that 

the "closed" set phrases in this condition were less familiar to the aphasic subjects than 

those that appeared in other conditions. 

It should be noted that three aphasic subjects, (GF, IT and LC), demonstrated 

extreme difficulty completing divided attention conditions. In fact, GF was unable to 

complete any phrases during PHRASE3 and PHRASE4; during these conditions she told 

the experimenter that she was only going to do the RAN task because she couldn't do 

both. Similarly, LC appropriately stated, "I can't do things at a time!" 

The followfng error types were similar to those made in Experiment 1: (a) 

perceptual errors; (b) closed set errors due to an apparent unfamiliarity with the common 

phrase; (c) perseverative errors; (d) nonspecific vocabulary errors; (e) denials of self 

effort; (t) multi-word phrase completions; and, (g) unrelated errors. Two error types, no 

responses and intrusions, were not seen during Experiment 1 but were seen during 
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Experiment 2. Aphasic subjects from both groups failed to complete phrases only during 

divided attention conditions; control subjects never failed to respond to a phrase stimulus. 

Intrusion errors were produced by only aphasic subjects during the focused and divided 

attention conditions; intrusions were defined as errors in which the name of a RAN target 

was used inappropriately to complete a phrase (e.g., a lump of - com). Swanson (1989) 

suggested that intrusion errors reflected deficits in "the voluntary control of information 

between a central and secondary task" (p. 371). 

RAN. Whereas the control group made very few errors across conditions, aphasic 

subjects varied their naming accuracies. (See Appendix Q, Table Q-2 for individual mean 

accuracies and naming rates.) The types of naming errors were similar to those for RAN 

during Experiment 1. Aphasic subjects also displayed some behaviors unique to this 

experiment. During RAN2, some aphasic subjects switched to completing the distractor 

task (Le., provided phrase completions); this behavior may be interpreted as a type of 

intrusion error. Aphasic subjects also sometimes told the speaker from which the 

distractor task was being presented to "shut up!" 

Three posterior subjects and one control subject named more pictures during 

RAN2 than they did in RAN 1; two of the posterior subjects showed a similar pattern for 

Experiment- 1. In contrast to Experiment 1, these increased naming rates (i.e. pictures 

named/minute) were not accompanied by maintained or improved naming accuracy but 

rather by decreased accuracy. Many aphasic subjects used the strategy by which they 

named a RAN picture and men waited to complete a phrase; the control group's version 
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of this strategy was to name all the pictures in one line of RAN stimuli and then to 

respond to the phrase completion. 

Comparison of Experiments 1 and 2: Listening Tasks 

A. Accuracy 

Semantic Categorization. A mixed 3-factor within-subjects ANDV A with group 

as the between-subjects factor and experiment and condition as the within-subjects factors 

was completed upon the arcsine transformed accuracy data; the results are presented in 

Table 25. In addition to significant main effects for group m=.003), condition m<.OOI), 

and experiment m<.OO 1), a significant condition by experiment interaction was observed 

(J!=.OO 1). Post-hoc analyses indicated that the control group performed with signficantly 

greater accuracy than both posterior and anterior groups. There was no significant 

difference between the two aphasic groups. 

Table 25. Analysis of Variance for Group Accuracies on Semantic Categorization Task 
of Experiments 1 and 2 

Group Condition Experiment Group x Group x Condition G r 0 u p 

r: 7.374 

df 2 

R 0.003* 

72.744 

3 

0.000* 

·Significant at 2<.05 

105.359 

0.000· 

Condition Exp. x Exp. x Condition x 
Exp. 

2.075 2.257 6.180 l.065 

6 2 3 6 

0.067 0.127 0.001· 0.392 
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Tukey pairwise comparisons also indicated that overall, subjects' accuracies for 

SEM were greater during Experiment 1 than 2. Thus the verbal distractor task placed 

a greater burden on attentional resources than the nonverbal distractor task. During 

Experiment 2, all groups showed progressively greater performance decrements shifting 

from SEM 1 to SEM2 to divided attention conditions; no such pattern was observed for 

Experiment 1. These findings suggested that increasing condition complexity affected 

perfonnance accuracy more during Experiment 1 than 2. 

Lexical Decision. Table 26 displays the results of a mixed 3-factor within-subjects 

ANOV A with group as the between-subjects factor and experiment and condition as the 

within-subjects factors. All main effects were significant at a level of at least R=.004. 

The experiment by condition interaction effect was also significant (p,<.OO 1). Post-hoc 

testing indicated that only the posterior group performed significantly worse than the 

control group; there was also a tendency for the posterior group to perform· worse than 

the anterior group but this difference was not significant. Tukey pairwise comparisons 

also showed significantly greater accuracies for Experiment 1 than 2. Thus, the verbal 

distractor was more detrimental than the nonverbal distractor to all groups' performances. 

B. Reaction Time 

Semantic Categorization. Table 27 presents the findings from a mixed 3-factor 

within-subjects ANOV A with group as the between-subjects factor and experiment and 

condition as the within-subjects factors. Significant main effects were observed for group 

(p,=.OO I), experiment (p,=.OO 1), and condition (p,<.OO 1); significant interaction effects 
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Table 26. Anal~sis of Variance for GrouE! Accuracies on Lexical Decision Task of 
EXE!eriments 1 and 2 

Group Condition Experiment Group x Group x Condition G r 0 u p 
Condition Exp. x Exp. x Condition x 

Exp. 

f 7.159 83.725 122.326 1.154 0.018 10.756 0.984 

df 2 3 6 2 3 6 

R 0.004* 0.000· 0.000· 0.341 0.982 0.000· 0.443 

·Significant at R<.05 

were found for experiment by group (R=.013) and experiment by condition by group 

(R=.041) interactions. Post-hoc examination of these significant effects indicated that 

overall the control group's RTs were significantly faster than aphasic groups' RTs. No 

significant differences were observed between the aphasic groups. The exception to this 

pattern was during divided attention conditions of Experiment 2 in which posterior and 

control groups' RTs did not significantly differ. The only group to perform significantly 

more slowly during Experiment 2 than 1 was the anterior group; although their 

Experiment 1 RTs were faster than the posterior group's, their Experiment 2 RTs were 

slower than the posterior group's. This finding suggested that the anterior group 

experienced more disruption of RT when the distractor task was verbal rather than 

nonverbal in nature. 

For both experiments, the control group's RT pattern across conditions was 
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Table 27. Analysis of Variance for Group Reation Times on Semantic Categorization 
Task of Experiments I and 2 

Group Condition Experiment Group x Group x Condition G r 0 u p 
Condition Exp. x Exp. x Condition x 

Exp. 

E 9.277 361.363 14.056 0.286 5.309 1.484 2.332 

df 2 3 6 2 3 6 

R 0.001* 0.000* 0.001* 0.942 0.013* 0.226 0.041* 

*Significant at R<.05 

SEM I =SEM2<SEM3<SEM4. Both aphasic groups showed linear increases in RTs across 

conditions (Le., SEM 1 <SEM2<SEM3<SEM4). 

Lexical Decision. A mixed 3-factor within subjects ANOV A with group as the 

between-subjects factor and experiment and condition as the within-subjects factors was 

completed and the results are presented in Table 28. Significance was found for all main 

effects (R<.003) and for the experiment by condition interaction effect (R<.001). Post-hoc 

testing indicated that the control group's RTs were significantly faster than the aphasia 

groups' RTs. Although the posterior group usually responded more slowly than the 

anterior group, this difference was not significant. 

Overall, Experiment 1 RTs were faster than Experiment 2 RTs. Tukey pairwise 

comparisons showed no differences between LEX I and LEX2 of Experiment I; however, 

this comparison was significant for Experiment 2. Another difference between 
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Table 28. Analysis of Variance for Group Reaction Times on Lexical Decision Task of 
Experiments 1 and 2 

Group Condition Experiment Group x Group x Condition G r 0 u p 
Condition Exp. x Exp. x Condition x 

Exp. 

f 7.566 328.517 20.719 1.992 0.074 18.811 0.016 
df 2 3 1 6 2 3 6 

e 0.003· 0.000· 0.000· 0.079 0.929 0.000· 0.728 

·Significant at e<.05 

experiments was that LEX3 and LEX4 significantly differed for Experiment 1 but not 2. 

Lastly, LEX3 and LEX4 were performed significantly more quickly for Experiment 1 than 

2. Collectively these results indicated that the nonverbal distractor had less effect on 

Experiment 1 RTs than the verbal distractor. 

Comparison of Experiments 1 and 2: Speaking Tasks 

A. Accuracy 

Phrase Completion. The arcsine transformed data were submitted to a mixed 3-

factor within subjects ANOV A with group as the between-subjects factor and experiment 

and condition as the within-subjects factors. The results presented in Table 29 show that 

group and condition main effects were significant (p,<.OO 1) as well as the condition by 

group (p,=.009) and experiment by condition (p,=.00 1) interaction effects. Post-hoc 

analyses of these findings indicated that the control group performed significantly better 

than both aphasic groups and that they displayed little variation in accuracy across 
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Table 29. Analysis of Variance for Group Accuracies on Phrase Completion Task of 
Experiments 1 and 2 

Group Condition Experiment Group x Group x Condition Group 

f 15.276 22.419 2.205 

df 2 3 

R 0.000· 0.000· 0.153 
·Slgmficant at R<:'OS 

Condition Exp. x Exp. x Condition x 
Exp. 

3.159 1.479 6.626 1.116 

6 2 3 6 

0.009* 0.252 0.001 * 0.364 

conditions. No significant difference was observed between aphasic groups. For both 

aphasic groups, PHRASE 1 and PHRASE2 were performed significantly more accurately 

then PHRASE4. No other condition comparisons were significant for these groups. 

Two differences were observed between the experiments. One was that condition 

complexity did not significantly affect accuracy during Experiment 1 but it did during 

Experiment 2 (i.e., PHRASE1=PHRASE2>PHRASE3>PHRASE4). The other difference 

was that PHRASE4 was performed significantly better during Experiment 1 than 2. 

Therefore, the verbal distractor negatively affected PHRASE perfonnances to a greater 

extent than the nonverbal distractor. 

RAN. The results of the mixed 3-factor within subjects ANOVA with group as the 

between-subjects factor and experiment and condition as the within-subjects factors are 

displayed in Table 30. Significant main effects were observed for both group (J;!=.005) 

and condition (J;!<.OO 1); futhermore, signific~t interactions of experiment by group 
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Table 30. Analysis of Variance for Group Accuracies on Rapid Automatized Naming 
Task of Experiments I and 2 

Group Condition Experiment Group x Group x Condition Group 

f 7.002 

df 2 

0.005· 

6.874 

3 

0.000· 

·Significant at j!<.05 

2.225 

0.151 

Condition Exp. x Exp. x Condition x 
Exp. 

3.658 3.515 1.215 2.917 

6 2 3 6 

0.312 

(J!=.048), condition by group (Q=.004), and experiment by condition by group (Q=.014) 

were found. Tukey post-hoc pairwise. comparisons indicated that the control group was 

significantly more accurate than aphasic groups. The exception to this finding was during 

RAN I of Experiment I, in which there was no significant difference between control and 

anterior groups. The anterior group performed significantly better than the posterior 

group during Experiment 2 only. The control and anterior groups' accuracies did not vary 

significantly across experiments or conditions; the only exception to this pattern was the 

anterior group's poor perfonnance of RAN4 during Experiment 1. In contrast, the 

posterior group performed Experiment 2 less accurately than 1; their accuracy also varied 

more during Experiment 2 than 1 as condition complexity was increased. These findings 

suggested that the verbal distractor was the most detrimental for the posterior group. 
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B. Naming Rate 

The naming rates (i.e., number of pictures named per minute) were submited to a 

mixed 3-factor within subjects ANOV A with group as the between-subjects factor and 

experiment and condition as the within-subjects factors. The findings from this analysis 

are displayed in Table 31. All main effects and the condition by group and experiment 

by condition interaction effects were found to be significant .(Q<.OO I). Post-hoc Tukey 

pairwise comparisons showed that the control group's rates were significantly greater than 

the aphasic groups'. The posterior group's rates were consistently, but not significantly, 

greater than the anterior group's. The response pattern across conditions was the same 

for all groups and for both experiments (Le., RANI=RAN2 >RAN3=RAN4). 

Post-hoc analyses also indicated that overall the naming rates from Experiment I 

significantly exceeded those of Experiment 2. There were two exceptions to this pattern. 

One was that RANI of Experiment 2 did not significantly differ from RANI or RAN2 

of Experiment I. The other exception was that RAN I and RAN2 significantly differed 

for Experiment 2 but not I. Once again, the verbal distractor negatively influenced target 

task performance to a greater extent than the nonverbal distractor. 

Relations Between Subject and Demographic Variables 
and the Aphasic Groups' Performances 

Exploratory analyses were conducted to determine if any of the subject (i.e., group) 

and demographic variables (i.e., age, sex, estimated IQ, education, time post onset, ADP 
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Table 31. Analysis of Variance for Naming Rates on the Rapid Automatized Naming 
Task of Experiments I and 2 

Group Condition Experiment Group x Group x Condition Group 

f 72.064 212.531 42.419 

df 2 3 1 

0 0.000· 0.000· 0.000· 
·Slgnlficant at 0<'05 

Condition Exp. x Exp. x Condition x 
Exp. 

26.732 0.516 13.241 1.787 

6 2 3 6 

0.000· 0.605 0.000· 0.116 

. standard severity score) would predict the anterior and posterior groups' performances of 

experimental tasks. A difference score was calculated for each specific task by 

subtracting each subject's raw score on-condition 4 from that of condition 1 (e.g., SEMI-

SEM4=SEM difference score). Percent difference scores were arcsine transfonned before 

any further analyses; similarly, RT difference scores were subjected to a logarithm 

transformation before regression analyses. 

Next, separate stepwise multiple regression analyses were perfonned for each task 

to examine which, if any, subject or demographic variables would predict the difference 

score for that task. No variable was considered a good predictor (i.e., did not account for 

a significant amount of the observed difference score variance at the 0<.05 level) of 

accuracy or RT difference scores from any listening task of Experiment 1, PHRASE and 

RAN tasks of both experiments, or of accuracy difference scores from listening tasks of 

Experiment 2. 
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Both difference score measures of the PIC task (i.e., WCs and CIUs per minute) 

were predicted by the ADP standard severity score. The ADP variable accounted for 

approximately 30% of both the WC and CIU difference score variances (!t=.283, 

n=.023). No other variables significantly contributed to the predictive model. 

For the SEM task of Experiment 2, three variables were found to be good predictors 

of the RT difference score. Collectively the three variables, group, ADP and time post 

onset, accounted for 46% of the total difference score variance Qt=.464); however, ADP 

was the only variable to contribute significantly to this regression equation at the n<.05 

level. 

Two variables, ADP and time post onset were good predictors of the RT difference 

score from the LEX task of Experiment 2 Qt=.352). Time post onset was the only 

significant predictor (n<.05) of this difference score's variance. 

Reliability 

Responses to all speaking tasks (i.e.,PHRASE, PIC, RAN) were tape recorded and 

then transcribed by the investigator. The verbal responses of two individuals in each 

experimental group were randomly selected for retranscription. Point-to-point inter-rater 

agreement was I 00% for phrase completion, and 100% for RAN speaking tasks. 

The retranscribed language samples from the picture description task were re-scored 

in terms of total WCs and CIUs. Inter-rater scoring agreement was 95% for WCs and 

89% for CIU counts. 
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DISCUSSION 

The findings of this study are consistent with the literature that documents attention 

impainnents in individuals with aphasia (Arvedson & McNeil, I 986a,b; LaPointe & 

Erickson, 1991; Tseng et ai., 1993). This study extended the existing literature by 

examining the effects of lesion location (i.e., anterior versus posterior left hemisphere 

lesion) and nature of distractor task (i.e., nonverbal - Experiment I versus verbal -

Experiment 2) on aphasic individuals' performances of a variety of listening and speaking 

tasks. The results from each experiment are discussed first with reference to initial 

hypotheses; comparisons between the two experiments are then examined. Following this 

discussion of hypotheses, results are reviewed with respect to the effects of lesion location 

and nature of distractor task. Lastly, the relation between attention and language 

impainnents is examined. 

Experiment 1: Testing of the Hypotheses 

As hypothesized, the control group generally demonstrated disruption of language 

skills under divided attention conditions compared to isolation and focused attention 

conditions; performance decrements were expected during divided attention' conditions 

because individuals must discriminate, process and respond to two stimuli versus one 

(Hartley, 1992). This prediction was con finned for RT, WC, crn and RAN rate data but 

not accuracy data; the control group accuracy varied little across conditions. Thus, the 

control group successfully applied a speed/accuracy trade-off in which high accuracies 



142 

were maintained by slowing RTs. The lack of disruption of language skills during 

focused attention conditions suggests that the control group had little difficulty ignoring 

irrelevant stimuli. Overall, these results are compatible with those of LaPointe and 

Erickson (1991) and Bowles et al. (1992) in which control individuals showed no 

difficulty in terms of accuracy while performing a listening task in competition with a 

card sorting task. 

Examination of attention allocation strategy indicated that the control group opted 

to share resources between target and distractor tasks (i.e., a predominance of positive 

correlations). For these individuals, the capacity pool from which the target tasks drew 

was not exhausted with the addition of a distractor task so that there was no need to 

prioritize attentional resources. Negative correlations for the SENT and PHRASE tasks 

suggested that control individuals may have prioritized attentional resources for these 

tasks; for these tasks, distractor task performance was better than target task performance 

suggesting that resources had been prioritized to the distractor task. It should be noted 

that any discussion of attention allocation strategy for the control group during 

Experiment 1 should be interpreted with caution because of the following: (a) possible 

ceiling effects - the control group's accuracy was 90% or greater for all target and 

distractor tasks; and, (b) none of the performance correlations between target and 

distractor tasks were significant. 

It was hypothesized that both aphasic groups would demonstrate significantly and 

progressively greater disruption of language skills on listening and speaking tasks as they 
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shifted from condition I through 4. This hypothesis was not confirmed. Instead there 

were two general response patterns. In tenns of listening task accuracy, aphasic 

individuals showed performance decrements shifting from condition I to 2 but then little 

further change for divided attention conditions (i.e., accuracy of 1>2=3=4); few of the 

condition comparisons were significant. Therefore the introduction of distractor stimuli 

negatively, but not significantly, affected the listening task performance of the aphasic 

groups. In tenns of RT and speaking task data, aphasic individuals performed conditions 

1 and 2 better than conditions 3 and 4. These findings suggest that the aphasic groups 

used a speed/accuracy trade-off in an attempt to maintain accurate language performances 

during divided attention conditions. In tenns of attention allocation strategy, the aphasic 

individuals tended to share resources between most target and distractor tasks. The 

exceptions to this strategy are discussed below with reference to anterior and posterior 

group differences. 

As predicted, the aphasic groups performed significantly worse than the control 

group on listening and speaking tasks across most conditions. However, duril1g condition 

I of all listening tasks, the aphasic groups' accuracies did not significantly differ from 

those of the control group. This finding highlights the fact that the language impairments 

of most of the aphasic individuals were mild and that under optimal environmental 

conditions, they were able to perform these tasks. This finding also suggests that the 

aphasic individuals expended more resources than control individuals to attain similar 

accuracies during the isolation condition (i.e., task demands of the target task were greater 
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for the aphasic than the control individuals). The additional effort that they invested into 

completing the target task became apparent during divided attention conditions in which 

they had less spare capacity available to complete the distractor task (Kahneman, 1973; 

Just & Carpenter, 1992; Navon & Gopher, 1979). 

Although no predictions were made concerning distractor task perfonnance, it should 

be noted that the control group performed this task significantly better than both aphasic 

groups. Overall, the control group had little difficulty completing the distractor task 

across conditions whereas the aphasic groups showed perfonnance decrements as 

condition shifted from I through 4. These results again suggest that control individuals 

achieved maximal perfonnance on target language tasks with fewer capacity demands 

than aphasic individuals. Control individuals had plenty of resources available to 

complete both target and distractor tasks so that their perfonnance decrements on the 

distractor task were smaller than those of the aphasic groups. 

It was also hypothesized that the anterior group would demonstrate significantly 

greater disruption of language skills under focused and divided attention conditions 

compared to the posterior group. Although some qualitative and quantitative differences 

were observed between the two aphasic groups, overall this hypothesis was not confirmed. 

The anterior group differed from the posterior group in terms of distribution of attentional 

capacity during SEM, LEX and PIC tasks. Whereas the posterior group appeared to be 

sharing resources between target and distractor tasks, the anterior group appeared to be 

prioritizing resources; that is, their distractor task perfonnance was sacrificed in their 
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attempts to maintain target task perfonnance. One interpretation of this finding would 

be that anterior individuals were better than posterior individuals at evaluating task 

demands and recognizing their capacity limitations; therefore, they resorted to a trade-off 

strategy. This interpretation is in accord with studies that have found that individuals 

with Broca's aphasia (i.e., typically associated with anterior lesions) are more aware and 

concerned with their language errors than individuals with Wernicke's aphasia (i.e., 

typically associated with posterior lesions) (Heeschen, Ryalls, & Hagoort, 1988; Lebrun, 

1987). 

Further differences were observed between the aphasic groups during speaking tasks. 

Whereas the posterior group displayed most difficulty completing the PHRASE task, the 

anterior group displayed relatively greater difficulty completing PIC and RAN tasks. 

Interestingly, anteriors not only spoke less than posteriors on the PIC task, they also 

displayed different attention allocation strategies. Capacity theory predicts that individuals 

with degraded or smaller language capacities are less likely to share these resources with 

a distractor task because resources are at a premium (Kahneman, 1973; Swanson, 1989). 

Accordingly, the anterior group displayed a "trade-off" strategy for PIC divided attention 

conditions. 

The final hypothesis for Experiment 1 was that in all conditions, all groups would 

demonstrate progressively and significantly poorer perfonnance as the complexity and 

thus, task demands of target tasks increased. It was assumed that simpler tasks would be 

less dependent on attentional resources and thus, would be more immune to interference 
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from a distractor task (Just & Carpenter, 1992; Kahneman, 1973). The predicted 

heirarchy of task difficulty was SEM < SENT < LEX for listening tasks and 

PHRASE<RAN for speaking tasks6
• The hypothesized heirarchy for listening tasks was 

confirmed by both target and distractor task performances. 

The hypothesized heirarchy for speaking tasks was confirmed by distractor task but 

not target task accuracies. It was initially proposed that the RAN task would be more 

difficult (Le., greater task demands) than the PHRASE task because of its additional time 

and cognitive demands. Although individuals were not explicitly instructed to name 

pictures as quickly as they could, most individuals did impose time pressure upon 

themselves. This task is difficult because individuals had to inhibit perseverative and 

anticipatory naming errors (Le., restrain their minds from working faster than their 

mouths) (Denlda & Rudel, 1976; Katz, Curtiss, & Tallal, 1992). However, in terms of 

language demands, the RAN task requires the retrieval and production of only five nouns 

whereas the PHRASE task requires the retrieval and production of a large number of 

nouns, some assisted by context (Le., closed set phrases) and some not (Le., open set 

phrases). Regardless of group membership, individuals capitalized upon a speed/ 

accuracy trade-off during the RAN task; their naming rates declined across conditions 

in order to maintain naming accuracy. Thus, individuals reduced some of the RAN task 

demands by naming more slowly. A speed/accuracy trade-off could not be used to 

6No predictions for the PIC task and its relation to other speaking tasks could be made 
due to differences in the type of data collected. 
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maintain accurate perfonnance during the PHRASE task because time constraints had 

never been imposed. Therefore, it may have been inappropriate to equate these two 

speaking tasks on the basis of accuracy alone. 

Experiment 2: Testing of the Hypotheses 

It was hypothesized that the control group would demonstrate signficantiy greater 

disruption of language skills under divided attention conditions compared to isolation and 

focused attention conditions. This prediction was confirmed for all tasks except LEX; 

that is, for all tasks except LEX, control individuals displayed little difficulty selecting 

target stimuli and ignoring distractor stimuli during condition 2. In contrast, significant 

perfonnance decrements were obselVed in LEX perfonnance when condition shifted from 

1 to 2. This finding contradicts the results of Arvedson and McNeil (l986a) in which 

control individuals did not show a significant decline in accuracy when shifting to the 

focused attention condition. This difference may be related to differences in stimuli (e.g., 

frequency of real words; manner in which nonwords were created) or differences in 

stimulus presentation. (Arvedson and McNeil allowed superimposed stimuli to differ by 

up to 25 ms whereas in the present experiment the average difference was less than 10 

ms.) 

For most tasks, control individuals were most likely to trade off resources (indicated 

by either negative or very small positive correlations between target and distractor tasks). 

This strategy was concert with instructions for the divided attention condition (i.e., 
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individuals were explicitly told to give attentional priority to the target task}. 

It was predicted that both aphasic groups would demonstrate significantly and 

progressively greater disruption of language skills as they shifted from condition 1 

through 4. Generally, this hypothesis was supported; a few differences were found and 

are discussed below with reference to aphasic group comparisons. During this 

experiment, aphasic individuals displayed difficulty selecting and responding to target 

stimuli when distractor stimuli were presented, regardless of whether or not they were to 

respond to these distractors. These results concur with those of Arvedson and McNeil 

(1 986a}. 

Positive correlations were observed between each target and distractor task 

indicating that aphasic individuals shared resources during divided attention conditions 

of this experiment. The correlations for the listening tasks tended to be lower than those 

for the speaking tasks suggesting that there was greater sharing of resources between 

speaking and distractor tasks. As previously mentioned, low positive or negative 

correlations indicative of a trade-off strategy would be more concert with task instructions 

than are positive correlations, which are indicative of a sharing strategy. Aphasic 

individuals also incorrectly transferred information between the target and distractor task. 

This was evidenced by their difficulty in adhering to the expected response order, as well 

as by their intrusion errors. 

The prediction that aphasic groups would perform significantly more poorly than 

controls across conditions and tasks was confirmed, with few exceptions. . Both aphasic 
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groups were as accurate as the control group for SEM 1; the anterior group was also as 

accurate as the control group for LEX 1. Once again, these findings highlight that these 

aphasic individuals were only mildly impaired and that under optimal conditions, they 

were able to perform the listening tasks quite well. 

In addition to poorer accuracies, slower RTs and naming rates, there were also 

differences between control and aphasic individuals' attention allocation strategies. 

Whereas the control individuals were more likely to use a trade-off strategy (which was 

hinted at by instructions for conditions 3 and 4), aphasic individuals were more likely to . 

use a sharing strategy, especially for speaking tasks. Aphasic individuals also 

demonstrated inappropriate transfer of information between target and distractor tasks; no 

control individual illustrated this problem. These findings suggest that the aphasic 

individuals had deficits in either deploying attentional resources (i.e., they were unable 

to prioritize which task attention was to be allocated) or in monitoring attentional 

resources (i.e., they were unaware that the common pool of resources shared by target and 

distractor tasks was being exhausted) (Kahneman, 1973; Swanson, 1989). The fact that 

aphasic individuals also showed inappropriate transfer of information and thus, had 

difficulties with focused attention, also suggests that their attentional impairments may 

be related to more difficulties in allocating and distributing attention than to monitoring 

the status of the resource pool. 

It was also hypothesized that the anterior group would demonstrate significantly 

greater disruption of language under focused and divided attention conditions compared 
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to the posterior group. Generally, this prediction was not confinned. There were a few 

differences between the two aphasic groups with repect to task (the anterior group was 

frequently more accurate during listening tasks; the posterior group responded more 

quickly during the SEM task; and, the anterior group named items more slowly during 

RAN2). Overall, however, the two groups perfonned similarly. 

Lastly, it was predicted that across conditions, all groups would demonstrate 

progressively and significantly poorer perfonnance as task complexity increased. The 

predicted listening task hierarchy of difficulty was SEM<LEX and the predicted speaking 

task hierarchy was PHRASE<RAN. This hypothesis was con finned for listening tasks. 

All individuals, regardless of group, perfonned the SEM task more accurately and more 

quickly than the LEX task. Increasing condition demands also had more of a negative 

effect upon LEX than SEM perfonnance; whereas a significant difference was observed 

between LEX I and LEX2, no such difference was observed between SEM 1 and SEM2. 

The hypothesized order of speaking task difficulty was not confinned. All individuals 

named RAN pictures more accurately than they completed phrases. Possible reasons for 

this finding have been previously discussed (see pp. 141-142). 

Comparison of Experiments 1 and 2: Testing of the Hypothesis 

It was hypothesized that all groups would demonstrate significantly greater 

disruption of language skills under the divided attention conditions in Experiment 2 

compared to divided attention conditions in Experiment 1. That is, it was proposed that 
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the verbal distractor task would be more detrimental to language processmg and 

production than the nonverbal distractor task. Overall, this hypothesis was confirmed; all 

individuals tended to be less accurate and slower when completing Experiment 2 tasks. 

Furthermore, increasing condition complexity negatively affected performance in 

Experiment 2 more than in Experiment I. Shifting from condition 1 to 2 did not 

significantly disrupt language skills during Experiment 1 but did during Experiment 2. 

The following response patterns were unique to certain listening and speaking tasks 

and are worth highlighting.. For the SEM task, only the anterior group showed 

significantly slower RTs during Experiment 2. This finding suggests that anterior 

individuals had to sacrifice even more speed than posterior individuals in their attempts 

to maintain performance accuracies. The control group displayed no performance 

differences between experiments for the PHRASE task. This result suggests that the 

PHRASE task placed few demands upon the control individuals' pool of attentional 

resources. Therefore, they appeared to have plenty of spare capacity to deal with 

manipulations of condition complexity and distractor task. In terms of RAN naming 

accuracy, only the posterior group performed worse during Experiment 2. They were also 

the only group to react to increases in condition complexity during Experiment 2. 

Differences in attention allocation strategy were observed across experiments. 

Whereas during Experiment 1 control individuals opted to use a sharing strategy, during 

Experiment 2 their correlations were more indicative of a trade-off strategy. This finding 

suggests that the control individuals were actively monitoring their resource pool and 



152 

were aware that completing both the target and distractor verbal tasks would deplete 

resources. Therefore they switched to prioritizing which task was to receive priniary 

attention. In contrast, the aphasic individuals continued to share resources between target 

and distractor tasks when it probably would have been more appropriate to resort to a 

trade-off strategy. These findings are similar to those of Tseng et al (1993) who found 

that aphasic individuals failed to make use of task-demand cues regarding stimulus 

probabilities and explicit attention alllocation instruction. 

Lesion Location in Relation to Attention Impairment 

In neuroanatomical models of attention, posterior and anterior attention systems have 

been postulated; the posterior attention system has been implicated in the orientation to 

and representation of sensory events whereas the anterior attention system has been 

implicated in the focusing, dividing and disengaging of attention to targets (Alexander, 

Stuss & Benson, 1989; Mesulam, 1981; Posner & Petersen, 1990; Stuss and 

Benson, 1987). Given that the conditions (i.e., conditions 2, 3, 4) of the present study 

required allocating attention to target tasks, it was hypothesized that the anterior group 

would display greater impairments than the posterior group. This hypothesis was not 

confirmed and generally t the two aphasic groups performed quantitatively and 

qualitatively similarly. 

One possible explanation for the observed results may be that the two aphasic 

groups' deficits were related to impairments of different underlying processes. Other 
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investigators have found that aphasic individuals with posterior lesions display greater 

impainnent of short-tenn memory than aphasic individuals with anterior lesions (Beeson 

et al., 1993; Risse, Rubens & Jordan, 1984). Therefore, the poor performance of posterior 

individuals may have been related to short-tenn memory deficits; these individuals may 

have been unable to hold both the target and distractor stimuli in short-tenn memory long 

enough so that both could be processed. A short-tenn memory problem could account 

for the posterior group's poor performance during divided attention conditions; however, 

it would not predict the performance deficits observed for this group during focused 

attention conditions when only one stimulus had to be processed. 

It is more likely that the initial hypothesis regarding lesion site neglected to consider 

the effects of a damaged posterior attention system on the functioning of an intact anterior 

attention system. In his discussion of attention, Mesulam (1981) noted that "the same 

complex function may be impaired as a consequence of a lesion in one of several cortical 

areas, each of which is a component of an integrated network for that function" (p. 320). 

The present data support Mesulam's contention and suggest that attention processes 

dependent on anterior brain sites and attention processes dependent on posterior brain 

sites, are both involved in allocating and distributing attention during focused and divided 

attention tasks. 

Nature of Distrac:tor Task in Relation to Attention Impairment 

Overall, all groups showed greater performance decrements under the divided 
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attention conditions when the distractor task was verbal (i.e., Experiment 2) than 

nonverbal (i.e., Experiment 1). This finding indicates that the verbal distractor task was 

competing for the same resources as the target language tasks to a greater extent than the 

nonverbal distractor task. 

Proponents of multiple-resource theory (Freidman et al., 1982; Wickens, 1989) 

would suggest that performance differences between Experiments 1 and 2 reflect the fact 

that the nonverbal distractor task drew upon a resource pool independent of that from 

which verbal target and distractor tasks drew. However, if the nonverbal distractor task 

was indeed dependent upon a separate resource pool, why were there performance 

decrements during divided attention conditions of Experiment I? A more parsimonious 

explanation would be that all tasks shared a common resource pool at least to some 

extent. It may be that the verbal task required greater commitment of this pool than the 

nonverbal distractor task, or that in general, the nonverbal task was easier than the verbal 

distractor tasks. Studies of perceptual, motor control and problem solving tasks indicate 

that the easier the task, the less the capacity required to complete it successfully (e.g., 

Norman & Bobrow, 1975; Schneider & Shiffrin, 1977). The predominance of positive 

correlations between nonverbal distractor and target task performances provides further 

support for the notion that the required resources at least partially overlapped (Just & 

Carpenter, 1992; Swanson, 1989). 

Whether the nonverbal distractor task was truly nonverbal is debateable. Individuals 

with aphasia frequently verbalized their responses to the nonverbal task (e.g., "That was 
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a high ... that was a low ... "). It may be that aphasic individuals used language to mediate 

their tone task performance whereas the control individuals relied on strictly auditory 

perceptual processes. This explanation could account for the aphasic individuals' poorer 

performances during divided attention conditions in comparison to nonna! individuals. 

It could also account for why the aphasic group compared to the control group had a 

larger number of negative correlations (i.e., had to resort to a trade-off strategy because 

target and distractor tasks were exhausting the same attentional pool) and higher positive 

correlations (i.e., the common resource pool was shared to a greater extent for aphasic 

than control individuals). 

To untangle whether the differential performance decrements observed with the 

nonverbal versus verbal distractor task were related to differences in resource pools, 

differences in task difficulty or differences in amount of language mediation, future 

investigations could use tasks that are less likely to encourage verbal mediation (e.g., 

mental rotation (Benton & Tranel, 1993), or manipulate distractor task difficulty (e.g., 

increase the number of tones which must be discriminated). 

Attention in Relation to Language 

One may hypothesize that the performance differences observed between the control 

group and the two aphasic groups reflected differential language abilities rather than 

attention skills. That is, the aphasic individuals demonstrated greater difficulty 

completing the tasks because of their language impairments. However, it must be 
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remembered that generally, there were no differences among aphasic and control groups 

for listening tasks during condition 1. Furthermore, there were only two tasks, (pIC and 

SEM of Experiment 2) for which ADP standard severity scores significantly predicted the 

performance decrements of aphasic individuals. 

A more logical explanation of the present findings is that aphasic individuals have 

attentional impairments related to one or more of the following: reduced attentional 

capacity, inefficient allocation of attention, or poor determination of task demands. 

Studies of normal individuals with varying verbal capacities have found that "low- . 

capacity" normals show greater performance deficits under divided attention conditions 

than "high-capacity" normals (Blackwell & Bates, 1994; Miyake, Carpenter & Just, in 

press). Furthermore, the errors that normals make on language tasks under stressed 

conditions (i.e., divided attention conditions in which capacity is reduced) are qualitatively 

similar to those of aphasic individuals (Kilborn, 1991; Miyake et aI., in press). 

The role of controlled and automatic processes should also be considered. In 

discussing sources of interference (see pp. 26-27), it was mentioned that controlled 

processes facilitate concentration on a specific channel by inhibiting automatic processes 

that may give rise to active attention. It may be that the aphasic individuals were unable 

to inhibit automatic processing of distractor stimuli during the focused attention condition 

and thus experienced task interference. Similarly, Hernandez and Bates (1994) found that 

aphasic individuals demonstrated excessive semantic priming; that is, they showed 

facilitation of words that controls did not. These findings suggest that the control 
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individuals in the present study were able to process targets selectively whereas aphasic 

individuals processed both target and distractor stimuli. Therefore, the significant 

increases in RTs for aphasic but not control individuals as condition shifted from 1 to 2 

could reflect differences in processing. 

Strengths and Limitations of the Study 

The findings of this study join a growing body of studies indicating that aphasic 

individuals have attentional impairments and that these attentional impairments can 

negatively affect language processing and production skills. Because this study involved 

a variety of listening and speaking tasks, only those aphasic individuals who could 

perform the majority of tasks were included. Therefore, the results of this study must be 

applied to only individuals with mild language impairments. 

The results of this study are important because they objectively quantify the 

complaints of many individuals with mild aphasia. Such individuals frequently appear 

relatively unimpaired on standardized aphasia batteries; because of their good perfonnance 

on these measures, it is often difficult to obtain continued financial support of treatment 

from agencies and third party payment groups. Unfortunately, these same individuals 

often have difficulty returning to work and re-establishing social interests. They are 

aware of their difficulties processing and producing language in environments other than 

the therapy room. Adapting this experimental battery for clinical use may help clinicians 

justify continued treatment for these mildly impaired aphasic individuals. 
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The findings of this study also suggest that therapists must consider the impact that 

attention impainnents can have on the language skills of their aphasic patients. It may 

be appropriate to target language skills in a quiet, isolated therapy room at the beginning 

of a therapy program; however, later in the program, the clinician should consider moving 

to more distracting environments that are more reflective of the patient's everyday 

environment to enhance generalization. Future research should examine the effects of 

these types of environmental adaptations upon generalization and maintenance oflanguage 

skills. It would also be of interest to determine whether or not the aphasic patient's 

attention impainnent can be directly remediated by teaching a language skill within a 

condition hierarchy similar to that used in this study (i.e., isolation then focused attention 

then divided attention conditions). 

The current study did not find differential attention impainnents between aphasic 

individuals with anterior versus posterior left hemisphere lesions. This finding suggests 

that brain damage and not lesion location was the more critical factor. Conducting this 

experiment with individuals who have right hemisphere lesions would help determine 

which of the following are most detrimental to attention allocation skills: presence of 

aphasia, side of lesion, or brain damage in general. 
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Conclusions 

The results of this study indicate that individuals with mild to moderate aphasia due 

to anterior or posterior lesions demonstrate similar impainnents of attention. Within a 

capacity framework of attention, their attention impainnents may be reflective of reduced 

attentional capacity, inefficient attention allocation, poor task-demand evaluation or a 

combination of these problems. These findings support McNeil and colleagues' 

(Arvedson & McNeil, 1986a,b; McNeil, 1983; McNeil et al., 1991; Tseng et al., 1993) 

contention that deficits in cognitive processes other than language interact with relatively 

intact language skills and that certain features of aphasia are best characterized as 

perfonnance deficits rather than purely linguistic deficits. 
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APPENDIXES 



APPENDIX A - Human Subjects Consent Form 

Project Titles: Comparative Studies of Naming Impainnents 
Discourse and Everyday Remembering 

Subject's Name: 
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I AM BEING ASKED TO READ 1HE FOll-OWING MATERIAL TO ENSURE THAT I 
AM INFORMED OF TIlE NATURE OF TIllS RESEARCH STUDY AND OF HOW I 
Wll.L PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING TIllS FORM 
WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY 
CONSENT. FEDERAL REGULATIONS REQUIRE WRITI'EN INFORMED 
CONSENT PRIOR TO P ARTICIP ATION IN THIS RESEARCH STUDY SO THAT I 
CAN KNOW 1HE NATURE AND 1HE RISKS OF MY PARITIPATION AND CAN 
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 
MANNER 

PURPOSE 

I am being invited to voluntarily participate in the above-titled research projects. The 
purpose of these projects is to study naming and conversational abilities in people who are 
experiencing changes in their thinking abilities or who are experiencing language 
difficulties as the result of a stroke. The goal of the project is to fmd ways to help such 
people improve their communication ability. The project may also help researchers to better 
understand the sources of language problems. 

SELECTION CRITERIA 

I am being invited to participate because 1) I am experiencing difficulties in my 
communication abilities, 2) I had a stroke that resulted in language problems, or 3) I will 
serve as a healthy control subject for the purpose of comparison. Approximately 300 
subjects will be enrolled in this study. 

PROCEDURE 

If I agree to participate. I understand that I will be asked to name pictures of people and 
objects. describe pictures. procedures. or events. and engage in conversation with the 
examiner. I will also be given some other short tests of language and memory that may 
include listening, talking, reading, and writing activities. Total testing time will vary, but I 
will be infonned of the expected time commitment In most cases. testing will not exceed 
two hours. and I will be given breaks as needed. Testing can be perfonned over more than 
one session, if necessary. Sessions will be audiotape recorded. 

RISKS 

There are minimal risks associated with this study. It is possible that the testing may be 
embarrassing or boring, however most individuals enjoy the experience. 

BENEFIT 
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I will be paid for my participation in this project. Otherwise, participation in this project is 
of no direct benefit to me. 

CONFIDENTIALITY 

I understand that any information about me obtained from this research will be kept strictly 
confidential and will be destroyed at the end of the study. Information containing personal 
identifying material will be kept in locked f~ and only Dr. Holland and her research staff 
will have access to these flIes. I understand that my research records, just like hospital 
records, may be subpoenaed by court order. I consent to publication of study results so 
long as the information is anonymous or disguised so that identification cannot be made. 

PARTICIPATION COSTS 

There will be no costs to me for participation in this project. 

AUTIIORIZATION 

BEFORE GIVING MY CONSENT BY SIGNING TIllS FORM. THE METIIODS, 
INCONVENIENCES, RISKS. AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND lHAT I MAY 
ASK QUESTIONS AT ANY TIME AND TIIAT I AM FREE TO WITHDRAW FROM 
THE PROmer AT ANY TIME wrIHOUT CAUSING BAD FEELINGS OR 
AFFECTING MY MEDICAL CARE. MY PARTICIPATION IN TIllS PROJECT MAY 
BE ENDED BY THE INVESTIGATOR OR BY THE SPONSOR FOR REASONS TIIAT 
WOUID BE EXPLAINED. NEW INFORMATION DEVELOPED DURING 1HE 
COURSE OF TIllS STUDY WHICH MAY AFFECT MY WILLINGNESS TO 
CONTINUE IN TIllS RESEARCH PROJECT WILL BE GIVEN TO ME AS IT 
BECOMES AV AnABLE. I UNDERSTAND TIIAT TInS CONSENT FORM WILL BE 
FILED IN AN AREA DESIGNATED BY TIlE HUMAN SUBJECfS COMMITTEE 
wrrn ACCESS RESTRICI'ED TO THE PRINCIPAL INVESTIGATORS, AUDREY 
HOLLAND, Ph.D., HER CO-INVESTIGATORS OR AUTHORIZED 
REPRESENTATIVE OF 1HE CENTER FOR NEUROOENIC COMMUNICATION 
DISORDERS. I UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY LEGAL 
RIGHTS BY SIGNING TInS FORM. A COpy OF TInS SIGNED CONSENT FORM 
WILL BE GIVEN TO ME. 

IF I HAVE ANY QUESTIONS CONCERNING MY RIGHTS AS A RESEARCH 
SUBJECT, I MAY CAll.. THE HUMAN SUBJECTS COMMITIEE OFFICE AT 626-
6721. 

Subject's Signature Dare 

ParentlLegal Guardian (if necessary) Dare 



APPENDIX B 

Equation for Estimated 10· 

SEX VALUES: 
Female = 1 
Male = 2 

RACE: 
Black = 1 
Other = 2 
White = 3 

REGION: 
Southern = 1 
North Central = 2 
Western = 3 
Northeast = 4 

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 

EDUCATION: 
o to 7 years = 1 
8 years = 2 
9 to 11 years = 3 
12 years = 4 
13 to 15 years = 5 
16 or more years = 6 

Managers, Officials, Proprietors, Clerical, and Sales Workers = 5 
Craftsmen and Foremen (Skilled Workers) = 4 
Not in the Labor Force = 3 
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Operatives, Service Workers, Farmers, and Farm Managers (Semiskilled Workers 
=2 
Farm Laborers, Farm Foremen, and Laborers (Unskilled Workers) = 1 

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) 

·from Barona, Reynolds, & Chastain (1984). 
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APPENDIX C 

Characteristics of Individual Subjects 

Subject Group Age Gender Ed Est. IQ Aphasia Aphasia Months 
Type SS Post 

.Ii 

OF Anterior 67 M 12 108.16 Anomie lIS 75 
EO Anterior 36 M 14 116.51 Broca's 103 28 
RE Anterior 74 M 20 124.66 Anomie 117 47 
RB Anterior 48 F 12 106.85 Anomie 107 6 
JM Anterior 47 M 14 117.41 Broca's 102 54 
DO Anterior 65 M 12 107.34 Anomie 123 16 
GF Anterior 57 F 12 111.53 Borderline 112 10 
FE Anterior 62 F 10 103.75 Anomie 115 56 
OP Anterior 65 F 13 114.97 Anomie 121 6 

TH Posterior 74 M 17 124.07 Wernicke's 104 55 
IT Posterior 79 M 16 125.50 Conduction 125 22 
LC Anterior 74 M '12 107.06 Conduction 104 47 
GB Posterior 75 M 12 113.91 Anomie 111 12 
SV Posterior 40 F 16 122.25 Anomie 119 14 
AW Posterior 74 M 19 124.66 Anomie 109 51 
TO Posterior 51 M 16 122.43 Anomie 115 6 
FO Posterior 70 M 8 105.82 Anomie 108 13 
KG Posterior 72 F 16 124.08 Conduction 117 17 

RV Control 67 M 14 118.03 
KK Control 43 F 13 117.82 
BC Control 70 M 16 123.95 
AE Control 76 M 12 112.73 
RG ,Control 74 M 17 125.84 
LB Control 72 M 17 125.84 
OV Control 39 M 19 122.83 
BE Control 66 F 12 107.29 
KD Control 60 F 14 115.37 

Note: Est. IQ = Estimated intelligence quotient; Aphasia SS = Aphasia severity 
standardized score (AOP); Years Post = Years post-onset of stroke. 
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APPENDIX D 

Semantic Categorization Task of Experiment 1 

PRACTICE SEMI TONE2 SEW SEMJ SEM4 

insects furniture tools occupations clothing musical 
instruments 

beetle stool screwdriver oil lightening coin 
sandals couch pliers psychologist sweater clarinet 
squash word preacher hill blouse guitar 
baseball bowl pepper ballet socks trombone 
spider tent steam lawyer necklace trumpet 
fly mitten cave doctor cavern drum 
top chair cherry engineer ketchup sled 
zoology colonel hammer rain shirt sparrow 
scooter dresser storm dentist reverend geology 
boat pamphlet chisel floor robbery gun 
soda desk basement teacher hat violin 
roach tin level pop scotch tomato 
bee sofa saw bluebird pants slippers 
ladybug meter gold salesman shoes piano 
symphony television cardinal milkshake hotel carnation 
mosquito father wrench professor treasurer polio 
wasp decade ruler \\Ten pistol quarter 
cherry table plane monkey skirt saxophone 
ant bed nails carpenter dress flute 
grasshopper lamp biology nurse coat oboe 



APPENDIX E 

Sentence Judgement Task of Experiment 1 

PRACTICE 
DAD HAD MOWING THE GRASS. 
MARCIA ARE SINGING AT THE CONCERT. 
MICHEAL IS DRIVES HIS FATHER'S CAR. 
John is bringing me my math homework. 
MARTY AND JOANNA ARE PLANNED A PARTY TONIGHT. 
The earthquake is shaking the building. 
I am sitting in the car. 
The children are blowing the candles out. 
Randy is finding a new puppy for you. 
WE IS GOING ON A LONG TRIP NEXT YEAR. 
I IS TAKING A HOLIDAY IN JUNE. 
THE DAYS AM GETTING LONGER. 
Jack is taking his cow to the market. 
Mother is having a nap. 
THE LION IS ROARED AT THE MOUSE. 
I AM CALLED MY MOTHER ABOUT SUPPER. 
We are eating baked beans for dinner. 
Billy is rolling around in the grass. 
Snoopy is laying on his doghouse. 
WE ARE BUYS A NEW CAR FOR CHRISTMAS. 

TONE2 
THE PRESS AM RUNNING OUT OF INK. 
THE TEACHER HAD RINGING THE BELL. 
The surfers are going to the beach. 
The baby is crawling down the steps. 
THE CHILDREN ARE CHASED AN ICECREAM TRUCK. 
PENNY ARE RUNNING OVER THE HURDLE. 
The fortune teller is telling Joe's fortune. 
The boy is growing taller each month. 
The man is shutting the door. 
I AM JUMPED INTO THE POOL. 
We are going to the circus in an hour. 
I HAD GETTING A HEADACHE FROM THE NOISE. 
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WE HAVE FINDING MATH DIFFICULT. 
THE MICE IS EATING THE CROP. 
The monkey is swinging from the vine. 
I am cleaning up my room. 
THE DOG IS SCARED THE BABY. 
The boat is rocking back and forth. 
THE STUDENTS ARE LAUGHS AT THE TEACHER. 
The raccoon is raiding the garbage can. 

SENTI 
THE CHEF IS PUTS ON ms APRON. 
Mother is hanging the clothes outside on the line. 
LARRY HAD GIVING HER A RING FOR CHRISTMAS. 
HENRY IS LEARNED ARCHERY AT CAMP. 
I am catching the football. 
THE ROBBER IS STEALS YOUR CAR. 
MICHEAL ARE SWEATING DURING THE GAME. 
The squirrels are collecting some nuts. 
Harold is driving quickly to the store. 
Matt is shooting rabbits in the forest. 
THE HENS ARE LAYS BROWN EGGS. 
We are giving Joe a surprise party. 
Jack is feeling sick today. 
The soldier is firing his machine gun. 
My father is golfing in Tucson. 
THE CATTLE AM GRAZING IN THE FIELD. 
WE HAVE VOTING FOR THE REPUBLICANS TmS YEAR. 
I DID SEEEPING THE KITCHEN FLOOR. 
Cindy is diving into the swimming pool. 
I AM SAVED A PENNY EVERY DAY. 

SENT3 
The landlord is renting a two bedroom apartment. 
HE AM HOLDING THE DOOR OPEN. 
The old man is building the house. 
THE FARMER IS MILKED HIS COWS IN THE BARN. 
I am riding the wild horse. 
The dogs are sleeping in their kennels. 
THE POLICE HAVE ARRESTING THE THEIVES. 
The cord is breaking under the strain. 
BERTHA ARE SEEING THE MOVIE AGAIN. 
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THE GIRLS DO CHOOSING THE COSTUMES. 
I ARE MEETING FRANK AT THE GYM. 
We are cooking some popcorn. 
I AM TIED HIS SHOELACE. 
WE ARE BAKED CINNAMON BUNS FOR BREAKFAST. 
The tiger is growling in his cage. 
THE GUM IS STICKS TO MY SHOE. 
WE ARE BOARDED THE PLANE AT NOON. 
The musician is beating his drum. 
The cook is peeling some potatoes for dinner. 
The politician is resigning from office this fall. 

SENTi 
Mary is drinking her chocolate milk. 
Terry is spitting out the spinach. 
THE RABBIT AM HOPPING IN THE FIELD. 
THE JANITOR IS CARRIED OUT THE TRASH CANS. 
I am winding the grandfather clock. 
The children are throwing a ball over the fence. 
THE BOYS ARE EATS THEIR LUNCH. 
TOM ARE CHEWING THE BUBBLE GUM. 
THE ROCKET AM FALLING FROM THE SKY. 
The groom is wearing a black tuxedo. 
I IS ROWING THE CANOE. 
The mother is braiding her daughter's hair. 
THE MODELS HAVE TANNING BY THE POOL. 
WE ARE READS "WAR AND PEACE". 
We are bailing water out of the boat. 
WE ARE SAILED TO MEXICO TIDS SUMMER. 
I AM SEWED TWO PAIRS OF PANTS. 
The pear is ripening on the tree. 
The building is falling apart. 
She is sealing the envelopes with wax. 

SENT4 
THE WIND ARE BLOWING THE LEAVES IN THE YARD. 
THE BASKETBALL IS FLIES THROUGH THE AIR. 
Mark is writing his test on Thursday. 
I am drinking a glass of water. 
HE IS PAINTED A BEAUTIFUL PICTURE. 
Dennis is winning the tennis match. 
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THE GENTLEMAN HAD TIPPING illS HAT. 
SHE IS COOKED A 10 POUND TURKEY. 
The boys are swimming in the pond. 
Janet is making the peach preserves. 
WE HAVE PEEKING AT THE CHRISTMAS PRESENTS. 
The goat is butting his head against the wall. 
We are missing Sophie's birthday party. 
I AM LOANED SHERRY MY BIKE. 
THE GEESE IS FLYING NORTH FOR THE WINTER. 
I DO PRAYING FOR RAIN TillS WEEKEND. 
THE BELLS ARE RINGS FOR THE ROYAL WEDDING. 
The patient is waiting for the doctor. 
The choir is singing a hymn in church. 
Mother is kneading the bread dough. 
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APPENDIX F 

Lexical Decision Task of Experiment I 

PRACTICE LEX2 LEX4 LEXl TONE2 LEXI 

caminate less victory school vay weather 
type shicy undershood wealth wear unifonn 
zum squmg latirude tum small kug 
yard issue wagon bache fise weab 
gealth bathe say Iud stach spicy 
spotless splinter tyfe yound spooky wire 
vabation wound spotness lesp tax slooky 
incase stronk spasm vital lape left 
once kerp jeapon lag spism viomence 
schoom lad wise stain laterad dision 
latitude ultimate include laverder violence justice 
vitap larweny lateral ultilate keg xax 
lab town louch vacation vIsion kelp 
stoin tralf stage ossue anclude stib 
stag beft zab laminate laxative irstance 
shecie jastice stack income warnon strong 
lig ani form lace towk instance squint 
Image weacher yerd blister stab smalp 
understood weakness mce splinger victony jaxative 
weapon lavender imade keakness skage larceny 
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APPENDIX G 

Phrase Completion Task of Experiment 1 

PRACTICE PHRASE2 PHRASEt 
As pleased as He stirred the As blind as a 
It's raining cats and As cool as a He cleaned the 
He cooked the He heard the She eats like a 
He licked the Twiddle your The apple of my 
He raked the He found the He began the 
It melts in your He ignored the He weighed the 
The cream of the Like two peas in a He built the 
He filled the She drinks like a He drives a hard 
He decorated the He called the Read between the 
ups and She was down in the __ . He dropped the 
She grew like a The months of the She milked the 
He needed the He shot the An ounce of 
She rang the She iced' the Pin the tail on the 
A heart of She drove the Needle and 
He blended the He taped the He listened to the 
As snug as a She defrosted the She talks a mile a 
Like father, like Curiousity killed the _. She started from 
He brushed the He borrowed the He picked the 
He divided the He gathered the He finished the 
He laid the He kept the He wasted the 



PHRASEJ 
As happy as a ____ 
He lost the __ ' 
He carried the __ ' 
I could eat a __ ' 
His head was in the ____ 
He emptied the ____ 
He wiped the __ 
It fits like a __ ' 
He bought the __ ' 
A penny for your ____ 
Brush and ____ 
He painted the __ ' 
Can you spare a __ ' 
Brother and ____ 
He ate the ____ 
King and __ , 
A gallon of __ ' 
Don't rock the __ 
He attacked the __ ' 
He handed out the __ , 

PHRASE4 
As strong as an __ ' 
He chose the __ ' 
A fish out of ____ 
He used the ____ 
He turned the ____ 

She's head over _--' 
She flew off the __ 
Once in a blue __ ' 
He grew the __ ' 
He met the __ ' 
Go jump in the ____ 
He listened to the __ ' 
She told a tall __ ' 
Dry asa __ , 
He picked the _--' 
Haste makes __ , 
He held the ____ 
He's a jack of all ____ 
He changed the __ , 
He scared the ____ 

TONE2 
He held the ____ 
He hung the __ ' 
As snug as a_--, 
He boiled the __ ' 
He killed the_--, 
As busy as a __ ' 
He practiced the _--' 
A lump in my __ ' 
They're a dime a __ ' 
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A matter of life and_--, 
Girls and _____ 
A field of __ ' 
Count your __ ' 
Quiet as a __ ' 
Acupof __ , 
She's driving me up the __ " 
He got the __ ' 
The days of the __ ' 
He raised the __ ' 
He burned the __ ' 
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APPENDIX H 

Rapid Automatized Naming (RAN) Task of Experiment 1 

PRACTICE RANI RAN4 TONE2 RAN3 RAN2 

guitar bottle football wagon table pencil 
toothbrush bed door heart gun church 
house train cow foot tree cat 
fork dress shirt bear bird drum 
ball knife fish desk flag pipe 
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APPENDIX I 

Semantic Categorization Task of Experiment 2 

PRACTICE LEX2 SEMl SEMI SEM4 SEMJ 

vegetables animals fruits sports transport body parts 

squash knife lemon island soda lungs 
bed tank apple lacrosse canary mouth 
doctor sheriff gem tennite bike rug 
beets deer tangerine bowling wagon nose 
cucumber dog uncle softball nickel foot 
turnip bear orange football wind axe 
peas flea church fishing jeep hotel 
robin cat blueberry fog trombone eye 
water pig newspaper socks car bee 
ball vodka captain roof glove battery 
bean pencil peach badminton tricycle bourbon 
lilac donkey raspberry coffee automobile liver 
potato mustard whiskey parrot bus shack 
sailboat nun prunes volleyball truck head 
rain mouse window hockey carp knee 
onions sheep apricot pesos river ear 
com tiger pineapple guitar cart chest 
oil motel milk soccer cannon stomach 
broccoli horse snail doll scooter rope 
parsley week strawberry skiing waltz legs 
magazine son fork skating ship arms 
chapel jade sawhorse polka jet swan 
hammer rabbit murder stockings sugar lemonade 
lettuce wolf elephant swimming bicycle Jazz 
tomato sergeant grapefruit spider rabbi wall 
scarf theft crow wrestling floor neck 
celery zebra grape archery beer secretary 
block elephant plum golf train monk 
bronze lion cantalope petunia taxi toe 
poem shark valley measles cottage vanilla 
cauliflower canoe farmer track streetcar coal 
cabbage giraffe cherry birch motorcycle heart 
skates goat banana basketball mayor plumber 



175 

asparagus tango lime submarine airplane brain 
tent cow gas baseball bomb ocean 
carrot tree wind salmon boat hail 
skirt rat watennelon fencing tractor pants 
plano stream plate wme mece hand 
spinach month elevator arson boots finger 
radishes squirrel brass tennis spoon nails 

PRACTICE LED SEMl SEMI SEM4 SEMl 
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APPENDIX J 

Lexical Decision Task of Experiment 2 

PRACTICE LEX4 LED LEX! LEX) SEM2 
toyard ziller field systeg feet allekiate 
cleft albays involve city addresk fep 
data honor thryge address jura always 
rather freeze system bus thiep impulse 
posution county abienate wask accountant cove 
wopulate alk walk chought froght granular 
frost cayment doint thagh war wan 
day thirst core postible hity bont 
genter center dafa thief ubundant tolerate 
lounty world acknowmedge palace claw operetta 
write abandon wrive pordelain zish norch 
fleeze thildren couple Jury plesident wrond 
belm nove allowable zear children izon 
cleck slig suldenly morajity maturity preyent 
bird journey gleft crisis aircraft granulap 
Jersey touch doy poppyseed curreng payment 
advice' ozeretta thigh abundant wrong government 
naze wovernment porcelain zunlor thaw ascountant 
acknowledge oize feek president sometring ooze 
pOIsonous glaw cerpain irvolve shint plam 
jidgement omten morality glet frog let 
jouch keep jather use jorce often 
three click abdomen fielf present airbraft 
afandon belt business wish free crog 
certain harf near mechanical clab toward 
sourney lurt jervey eld jacfet ask 
feep active possible youple legal historian 
alienate himtorian advive fright current hard 
worlb lower junior far play thow 
mysterior iron frist force mechadical severaf 
maintain hab afraid claume pollution course 
terse populate wheat businesk several legad 
majority umpulse end alteration bent mawurity 
actire name majocity clap alleviate frue 
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thirsk honot tarse north poppygeed allusiveness 
allasiveness judgement hoisonous bund chisis jab 
point position thought ablowable yus lust 
suddenly veep fret efraid almeration coursy 
cone (done) lowed zird abdopen few mysterious 
feel done maintair something cun jolution 

PRACTICE LEX4 LEXl LEXl LEXl SEM2 
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APPENDIX K 

Phrase Completion Task of Experiment 2 

PRACTICE PHRASE4 PHRASEJ 
Abagof ___ _ He drank the A glass of ___ _ 
A piece of ___ _ He burned the He won the ___ _ 
He washed the, ___ ----' A group of There's butterflies in my __ " 
A sight for sore __ _ A pile of A box of __ ---' 
Soap and ___ _ He broke the He hit the ___ _ 
He melted the ___ _ Aunt and Lock and ___ _ 
A wolf in sheep's __ __ Sink or I can't believe my ___ _ 
He climbed the __ _ He forgot the A swarm of ___ _ 
Trick or ___ ____ Dead as a She fell flat on her ___ _ 
A needle in a ___ _ He was the A lump of ___ _ 
A flock of ___ _ A bar of He remembered the ___ _ 
A head of ___ _ A spoonful of Cat and ___ __ 
He left the ___ _ Salt and Bow and ___ _ 
Straight as an ___ ----' The chief of He organized the. ____ , 
He scrubbed the ___ ' He brought the He lent the ___ ----' 
Cream and ____ , She's a snake in the Stiff as a ___ ---' 
Rock and ____ , Turn the other ___ ---'" A dish of ___ ---' 
Bacon and ___ __ A chip off the old He followed the ____ ' 
He went to the ___ _' Walk on thin He hated the ___ __ 
A pound of ___ _ He cut the The days of the ____ ' 
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PHRASE2 RAN2 PHRASEl 
Lily of the Brush and He saved the 
Take a deep He shot the A slip of the 
North and An ounce of A tablespoon of 
He got the A heart of A bottle of 
He liked the A cup of A bowl of 
A loaf of He painted the He enjoyed the 
Pretty as a He drove the Shoes and 
Night and Go jump in the Thunder and 
Salt of the Girls and The pick of the 
A dozen He listened to the He arranged the 
He tore the Needle and He saw the 
He pulled the Brother and Flat as a 
Show and He ate the She's got a chip on her 
A drop in the Dry as a Day and 
He repaired the Quiet as a A load of 
A hard-boiled A gallon' of Proud as a 
A tin of He picked the Sister and 
He wore the King and He took the 
A pair of He brushed the He spilled the 
A couple of He borrowed the A pot of_o 
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APPENDIX L 

RAN Task of Experiment 2 

PRACTICE RAN4 RAN3 RAN2 RANt PHRASE2 

spoon window glasses scissors Iron chicken 
key horse saw hand book car 
watch sun sheep comb dog star 
candle hat cake broom truck cup 
hammer com leaf frog chair ring 
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APPENDIX M 
Individual Perfonnances on the Listening Tasks of Experiment 1 

Table M-l. Percent Correct Individual Scores on the Semantic Categorization Task 
Condition 

Group SUBJ SEMI SEM2 SEM3 SEM4 
*in out tot in out tot In out tot in out tot 

Anterior DF 90 100 95 100 80 90 90 90 90 100 80 90 
ED 100 100 100 100 90 95 100 70 85 100 80 90 
RE 100 100 100 90 90 90 80 90 85 100 100 100 
RB 100 100 100 100 100 100 100 100 100 90 60 75 
1M 100 100 100 60 90 75 90 90 90 100 70 85 
DG 100 100 100 100 80 90 100 100 100 100 70 85 
GF 100 90 95 90 100 95 90 40 65 100 80 90· 
FE 100 90 95 100 90 95 80 90 85 100 100 100 
DP 100 100 100 100 90 95 100 100 100 90 80 85 

Posterior TH 100 90 95 90 90 90 80 100 90 80 70 75 
IT 100 100 100 100 100 100 80 100 90 90 80 85 
GB 100 100 100 100 100 100 100 90 95 100 90 95 
SV 100 100 100 80 100 90 100 90 95 100 100 100 
LC 100 100 100 70 80 75 80 50 65 60 70 65 
AW 100 100 100 100 80 90 90 80 85 100 80 90 
TD 100 100 100 100 100 100 100 90 95 100 100 100 
FG 100 100 100 100 100 100 80 90 85 100 90 95 
KG 100 100 100 100 100 100 50 100 75 100 80 90 

Control RV 100 100 100 100 100 100 100 90 95 100 90 95 
KK 100 100 100 100 100 100 100 100 100 100 100 100 
BC 90 100 95 100 100 100 100 100 100 100 90 95 
AE 100 100 100 100 90 95 90 90 90 90 80 85 
RG 100 100 100 90 100 95 100 90 95 100 100 100 
LB 100 100 100 100 100 100 80 100 90 100 90 95 
DV 100 100 100 100 100 100 100 90 95 100 100 100 
BE 100 100 100 100 100 100 100 90 95 100 90 95 
KD 100 100 100 100 100 100 90 90 95 100 100 100 

*in = in-class words; out = out-of-class words; tot = total 



Table M-2. Individual Mean RTs (ms) on the Semantic Categorization Task 

Condition 
Group SEMI SEM2 SEM3 SEM4 
SS ·in out tot tn out tot tn out tot in out tot 
.AIltenor 
OF 1389 1535 1466 1435 1957 1650 3163 3098 3130 3415 3436 3424 
EO 1553 1557 1555 1391 1561 1471 2262 2303 2283 4605 3945 4333 
RE 1265 1570 1418 1526 2142 1816 2617 3019 2829 4297 4603 4450 
RB 965 1168 1067 995 1005 1000 1937 2307 2122 2956 3786 3312 
JM 1042 1125 1083 1130 2034 1646 2009 3511 2760 3170 3933 3504 
DG 1323 1342 1333 1358 1748 1532 2233 2812 2538 3827 4170 3955 
GF 1327 1464 1388 1293 1298 1296 1626 1992 1739 2422 2223 2333 
FE 1437 1606 1522 1465 2029 1730 2227 3098 2663 3515 4063 3775 
OP 1307 1413 1363 1327 1706 1506 1924 2798 2384 3289 3525 3400 

Posterior 
TH 935 1423 1152 1159 3309 2234 4096 4918 4553 3331 5576 4454 
IT 1528 1655 1592 1753 1830 1792 3719 5598 4763 5219 6636 5885 
GB 1235 1302 1268 1473 1540 1507 3173 2657 2923 5150 5335 523U 
SV 1197 1333 1265 1338 1785 1586 2190 2865 2510 2877 3873 3375 
LC 1804 2052 1934 2383 2386 2384 4911 6306 5447 7081 7807 7472 
AVV 1024 1207 1115 1235 1492 1349 1892 2115 1997 3777 5504 4545 
TD 1230 1498 1371 848 1245 1047 1761 2722 2242 2425 3060 2743 
FG 1130 1340 1235 1278 1423 1351 1571 2285 1949 2938 2848 2898 
KG 1077 1404 1232 1474 2715 2095 5037 3342 3907 3118 2641 2922 

Control 
RV 
KK 
BC 
AE 
RG 
LB 
OV 
BE 
KD 

800 965 882 935 1480 1208 1790 2250 2008 2232 3535 2849 
738 887 812 797 915 856 1610 1503 1557 1333 1916 1625 
1091 1410 1259 1367 1655 1503 1654 2100 1889 2661 2738 2697 
907 1082 994 998 1302 1142 1194 1586 1378 3140 3975 3557 
907 1040 977 917 1285 1121 1122 1489 1306 2573 2273 2423 
1013 1317 1173 1150 1402,.1276 4638 3979 4271 2782 3002 2886 
1053 1147 1100 1023 1232 1127 1483 1409 1448 2259 2095 2177 
1065 1375 1228 1180 1503 1342 1957 2293 2104 2468 3242 2812 
1292 1361 1325 1128 1298 1213 2309 2713 2511 3029 2568 2811 

·tn m-class worus; OUt OUt-or-class woros; 101 10tal 

182 



183 

Table M-3. Percent Correct Individual Scores on the Sentence Judgement Task 

Condition 
Group SUBJ SENTI SENT2 SENT3 SENT4 

·G B tot G B tot G B tot G B tot 

Anterior DF 100 100 100 80 roo 90 80 100 90 90 80 85 
ED 90 100 95 100 90 95 80 90 85 90 90 90 
RE 90 100 95 90 100 95 100 100 100 80 90 85 
RB 100 100 100 90 90 90 90 90 90 80 70 75 
1M 80 90 85 80 80 80 90 80 85 90 50 70 
DG 100 100 100 100 100 100 100 70 85 80 70 75 
GF 80 80 80 90 70 80 100 70 85 100 60 80 
FE 100 100 100 90 80 85 100 100 100 100 80 90 
DP 90 100 95 100 70 85 100 90 95 100 50 75 

Posterior TH·· -
IT 70 90 80 80 60 70 70 70 70 40 90 65 
GB 100 100 100 100 80 90 100 100 100 100 100 100 
SV 100 100 100 100 100 100 100 100 100 100 100 100 
LC·· -
AW 70 60 65 90 70 80 100 40 70 100 20 60 
TD 100 100 100 90 90 90 100 90 95 100 90 95 
FG 100 80 90 100 50 75 80 70 75 100 80 60 
KG 90 90 90 100 90 95 90 90 90 90 70 80 

Control RV 100 100 100 100 100 100 90 100 95 100 90 95 
KK 90 100 95 100 100 100 100 100 100 90 80 95 
BC 100 100 100 90 100 95 90 100 95 90 80 85 
AE 100 100 100 90 100 95 90 100 95 100 100 100 
RG 90 100 95 100 80 90 100 100 100 100 100 100 
LB 100 100 100 100 90 95 90 90 90 100 90 95 
DV 100 100 100 100 100 100 100 100 100 90 100 95 
BE 100 100 100 100 90 95 100 100 100 100 100 100 
KD 90 100 95 100 100 100 90 90 90 100 80 90 

·G = sentences with good grammar; B = sentences with bad grammar; tot = total 
··These subjects failed to achieve the 60% accuracy criterion on the practice task. 
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Table M-4. Individual Mean Reaction Times (ms) on the Sentence Judgement Task 

Condition 
Group SENTI SENT2 SENT3 SENT4 
SS *G B tot G B tot G B tot G B tot 
}\luenor 
DF 3162 2528 2845 2629 2460 2529 3733 3150 3409 3939 4396 4154 
ED 3855 2828 3342 2722 2137 2445 3390 2673 3008 5270 4644 4976 
RE 2730 2043 2369 2477 1937 2177 3855 2822 3339 6032 4667 5309 
RB 2505 1967 2236 2177 1694 1921 2996 2198 2597 3805 4153 3979 
1M 2242 2146 2191 2584 2031 2316 3692 3278 3485 4663 6230 5223 
DG 3145 2395 2770 3113 2757 2935 4598 2990 3936 4171 3636 3921 
GF 2465 1729 2121 2504 2112 2332 3013 2691 2880 3267 3462 3340 
FE 3037 2687 2862 3350 2502 2926 4374 3702 4020 4104 4234 4161 
DP 2460 2522 2493 4463 2628 3660 4347 4330 4339 4339 6293 5037 

Posterior 
TH 
IT 
GB 
SV 
LC 
AW 
TD 
FG 
KG 

Control 
RV 
KK. 
BC 
AE 
RG 
LB 
DV 
BE 
KD 

3472 2991 3201 3381 3447 3409 6998 5771 6385 7171 5267 5853 
3304 2499 2901 3142 2331 2781 4795 2969 3882 6135 4678 5407 
2743 2477 2610 2665 2452 2558 3573 2802 3187 3892 3600 3746 

2736 2892 2808 2978 2643 2831 3228 2758 3094 3375 3725 3433 
2832 2637 2734 2496 2031 2264 3524 3012 3296 3744 3765 3755 
2795 2642 2727 2698 3237 2878 4404 4650 4519 3833 4850 4215 
2485 1815 2150 2678 1885 2326 3828 3561 3695 3787 2884 3392 

2322 1912 2117 2237 1770 2003 3022 2603 2802 2979 3020 2999 
1909 1594 1743 1633 1608 1621 2150 1734 1962 2133 1883 2016 
2638 2078 2358 2731 1900 2294 2959 2420 2675 3952 3529 3753 
2576 2483 2527 2548 1835 2192 3585 2497 3012 3307 3656 3472 
2681 1937 2309 2709 2061 2421 3212 2855 3033 3882 3513 3688 
2568 2353 2461 2648 3163 2905 3917 3088 3527 3059 3048 3054 
2152 1680 1916 2179 1610 1894 2320 1648 1984 3058 2873 2961 
2607 1905 2256 2697 1974 2354 3325 3137 3231 3498 3411 3454 
2257 1997 2120 2137 1815 1976 3776 2572 3174 3325 3424 3366 

"U sentences Wlm gooo grammar; n semences Wlm 000 grammar; tot total 
**These subjects failed to achieve the 60% accuracy criterion on the practice task. 
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Table M-5. Percent Correct Individual Scores on the Lexical Decision Task 

Condition 
Group SUBJ LEX 1 LEX2 LEX3 LEX4 

*R NR tot R NR tot R NR tot R NR tot 

Anterior OF 90 100 95 60 100 80 50 90 70 70 90 80 
EO 90 100 95 80 100 90 80 100 90 80 90 85 
RE 90 80 85 80 70 75 90 80 85 70 80 75 
RB 100 100 100 100 90 95 100 100 100 90 100 95 
1M 90 90 90 80 100 90 90 90 90 90 80 85 
DG 90 90 90 80 90 85 70 90 80 70 80 75 
GF 70 90 80 80 90 85 90 100 95 70 80 75 
FE 100 100 100 90 90 90 80 90 85 100 100 100 
OP 90 100 95 90 80 85 80 90 85 100 80 90 

Posterior TH 70 50 60 100 30 65 80 40 60 80 40 60 
IT 90 90 90 40 90 65 40 80 60 60 100 80 
GB 100 100 100 100 90 95 80 90 85 90 90 90 
SV 100 100 100 80 90 85 100 100 100 100 90 95 
LC 70 90 80 20 60 40 70 60 65 50 60 55 
AW 100 70 85 90 70 80 100 60 80 90 50 70 
TO 90 100 95 80 90 85 70 100 85 90 100 95 
FG 90 90 90 80 80 80 70 80 75 90 90 90 
KG 90 80 95 70 80 75 70 70 70 80 70 75 

Control RV 100 90 95 90 90 90 100 90 95 100 90 95 
KK 80 100 90 80 90 85 90 80 85 90 100 95 
BC 80 90 85 80 90 85 80 100 90 100 90 95 
AE 100 90 95 80 90 85 90 80 85 90 90 90 
RG 100 100 100 80 100 90 90 90 90 100 90 95 
LB 100 100 100 80 100 90 90 90 90 90 80 85 
DV 100 100 100 90 100 95 100 90 95 90 90 90 
BE 100 100 100 90 100 95 100 90 95 100 90 95 
KD 100 100 100 90 100 95 80 100 90 100 80 90 

*R = real word; NR = not real or made up word; tot = total 
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Table M-6. Individual Mean Reaction Times (ms) on the Lexical Decision Task 

Condition 
Group LEX 1 LEX2 LEX3 LEX4 
SS *R NR tot R NR tot R NR tot R NR tot 

.AIltenor 
DF 1280 1662 1481 1317 1467 1410 2683 2618 2642 3557 3690 3628 
ED 1689 1803 1749 2008 2532 2299 2290 2291 2290 4619 4285 4442 
RE 1261 1742 1487 1483 1555 1519 2423 2423 2423 4793 3965 4351 
RB 1070 1292 1181 1110 1235 1169 1702 1683 1692 3202 3155 3177 
]M 1417 1957 1687 1238 1865 1607 2637 3359 2998 3148 4058 3603 
DG 1398 1502 1447 1648 1485 1556 2948 2843 2889 3024 4112 3604 
GF 1208 1524 1386 1629 1750 1690 1954 1828 1888 2643 2452 2541 
FE 1603 1583 1594 1606 1609 1607 3219 2244 2731 3627 3487 3561 
DP 1521 2654 2087 1826 2200 2002 2860 2807 2832 3610 3511 3566 

Posterior 
TH 2041 2263 2133 1600 3594 1060 3104 4654 3621 3473 3950 3632 
IT 1817 2128 1972 1787 2131 2026 3133 2506 2715 5219 5530 5414 
GB 1568 1662 1615 1765 1779 1772 3075 2846 2954 3676 2252 2964 
SV 1673 2858 2266 1467 1857 1673 4105 3215 3660 3007 3420 3203 
LC 1836 2687 2347 2050 2367 2287 3438 3956 3677 5743 4836 5249 
AW 1172 1117 1149 1254 1038 1159 2005 2672 2255 1776 2483 2029 
TD 1124 1395 1267 1457 1367 1409 2229 1962 2072 2628 2527 1575 
FG 1328 1440 1380 1728 1869 1803 2512 1798 2131 2554 3242 2877 
KG 1396 1413 1404 3269 1846 2510 3122 3219 3170 2663 4971 3740 

Control 
RV 1020 1802 1390 1056 1213 1134 2138 2104 2122 1873 2530 2184 
KK 1035 1130 1088 1085 1096 1091 1396 1419 1407 1820 1747 1781 
BC 1281 1517 1406 1621 1350 1485 2169 2198 2185 3018 3206 3107 
AE 1089 1744 1397 1160 1380 1284 1579 1610 1593 2615 3176 2912 
RG 1241 1474 1357 1367 1495 1438 2031 1639 1835 2446 2642 2544 
LB 1344 1472 1408 1881 1841 1860 2642 1969 2305 2004 2269 2136 
DV 1218 1398 1313 1208 1311 1309 2022 1663 1853 2418 2322 2370 
BE 1240 1537 1381 1523 1726 1630 2480 2242 2361 2354 2698 2526 
KD 1360 1352 1356 1191 1464 1334 2413 2030 2200 2280 2508 2382 
",K - real wora; NK - not real or maae up worn; tot tOtal 
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APPENDIX N 
Individual Perfonnances on the Speaking Tasks of Experiment 1 

Table N-l. Percent Correct Individual Scores on the Phrase Completion Task 
Condition 

Group SUBJ PHRASE 1 PHRASE2 PHRASE3 PHRASE4 
·C 0 T C 0 T C 0 T C 0 T 

Anterior DF 100 70 85 100 60 80 80 80 80 100 70 85 
ED 60 70 65 80 40 60 70 70 70 70 40 55 
RE 100 100 100 90 100 95 100 90 95 100 60 80 
RB 100 70 85 80 80 80 80 60 70 90 60 75 
1M 50 80 65 50 50 50 80 40 60 60 20 40 
DG 90 90 90 90 70 80 70 90 80 70 50 60 
OF 70 40 55 60 50 55 60 60 60 . 90 70 80 
FE 80 90 85 100 70 85 90 80 85 90 80 85 
DP 100 100 100 90 100 95 90 100 95 80 90 85 

Posterior TH·· -
JT •• -
GB 100 80 90 90 80 85 100 90 95 100 70 85 
SV 100 90 95 1'00 70 85 90 100 95 90 90 90 
LC 70 60 65 60 70 65 50 30 40 50 40 45 
AW 80 70 75 70 40 55 80 60 70 80 50 65 
TD 90 90 90 100 100 100 90 90 90 90 70 80 
FG 100 80 90 90 100 95 90 70 80 100 40 70 
KG 90 90 90 80 100 90 90 100 95 60 60 60 

Control RV 100 100 100 90 80 85 90 100 95 100 100 100 
KK 100 80 90 100 90 95 70 100 85 100 100 100 
BC 90 90 90 100 100 100 80 100 90 100 90 95 
AE 100 90 95 100 100 100 100 100 100 100 90 95 
RG 100 100 100 100 100 100 100 90 95 100 90 95 
LB 80 100 90 70 90 80 80 100 90 100 90 95 
DV 100 100 100 100 100 100 100 100 100 100 100 100 
BE 100 100 100 100 100 100 80 100 90 100 100 100 
KD 100 100 100 100 100 100 90 80 85 90 100 95 

·C = "closed-set" phrases; 0 = "open-set" phrases; T = total 
··These subjects failed to achieve the 60% accuracy criterion on the practice task. 
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Table N-2. Individual Word Counts ~er minute {WCll CIUs ~er minute (CIU) and 
Infonnativeness Scores (%) on the Picture Descri~tion Task 

Condition 
Group SUBJ PICI PIC2 PIC3 PIC4 

WC CIU % WC CIU % WC CIU % WC CIU % 

Anterior DF 70 45 64.3 63 40 63.5 57 48 84.1 54 45 833 
ED 12 7 60.9 8 5 66.7 0 0 0 3 2 00.0 
RE 69 50 73.0 60 49 80.8 40 26 63.8 28 24 839 
RB III 70 62.9 139 111 80.1 120 66 54.6 89 64 723 
1M 35 11 30.4 57 10 17.7 25 6 24.0 37 9 243 
DG 126 89 70.6 101 57 56.2 42 17 39.8 57 30 526 
GF 37 29 78.1 47 39 82.8 39 23 59.0 5 1 222 
FE 50 29 58.0 59 36 61.0 40 25 62.0 28 19 679 
DP 68 44 64.4 71 54 75.9 58 40 69.6 52 35 68.0 

Posterior TH 44 39 89.7 59 44 75.2 53 37 70.5 88 47 53.1 
IT 70 38 54.3 67 35 52.2 53 24 44.3 47 20 426 
GB 81 59 73.3 128 80 62.7 72 38 52.4 89 42 475 
SV 47 40 85.1 50 38 75.0 49 40 81.6 14 12 88.9 
LC 37 23 62.2 27 13 49.1 23 8 34.8 6 1 9.1 
AW 76 53 69.5 81 47 58.0 21 11 53.7 5 0 0 
TD 128 101 78.5 119 94 79.0 59 47 79.5 68 51 75.6 
FG 95 63 65.8 115 80 69.1 82 58 70.1 82 62 755 
KG 85 52 60.6 III 66 59.0 52 24 46.6 63 41 64.8 

Control RV 127 102 79.9 108 92 85.1 89 75 84.3 110 87 79.1 
KK 191 144 75.3 210 175 83.3 198 150 75.8 198 141 71.0 
BC 109 95 87.6 106 71 66.5 87 73 83.3 63 61 96.0 
AE 107 82 76.5 107 87 81.7 74 43 57.8 86 75 86.6 
RG 115 101 88.2 137 115 83.9 99 84 84.3 116 103 88.4 
LB 118 110 93.6 136 124 90.8 95 85 89.5 116 105 90.9 
DV 201 179 89.1 227 181 79.9 189 157 82.8 191 145 75.9 
BE 132 113 85.6 117 92 79.0 100 89 88.9 97 79 ro.9 
KD 134 115 85.8 142 119 83.5 130 100 76.5 120 90 75.0 
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Table N - 3. Individual Picture Naming Rates ~er minute lNRll and Naming Accuracy 
(%l on the RAN Task 

Condition 
Group SUBJ RANI RAN2 RAN3 RAN4 

NB. 0&1 NR 0&1 liB. 0&1 NR 0&1 
Anterior DF 28.5 100 35 100 17.5 97.1 20 95 

ED· -
RE 27.5 100 . 26 100 17.5 100 17.5 100 
RB 51 97.1 45 91.1 33 92.4 34.5 97.1 
JM. -
DG 27.5 100 30 96.7 18.5 100 2.5 80 
GF 15.3 95.7 11.5 82.6 16 84.4 0 0 
FE 23.5 97.9 22 100 10.5 100 12 83.3 
DP 35 100 35.5 98.6 25 100 25 80 

Posterior TH 56 98.2 56 99.1 19 97.4 23 100 
IT 25 96 32.5 90.8 29 98.3 15.5 96.8 
GB 32.5 100 30 98.3 35 98.6 26.5 100 
SV 25.5 100 36 100 29.5 100 17.5 100 
LC 15.5 80.6 17.5 68.6 25 96 14 92.9 
AW 20.5 70.7 15.5 58.1 14.5 55.2 13 69.2 
TD 32 100 37 95.9 22.5 97.8 21.5 97.7 
FG 43.5 100 42.5 94.1 27.5 92.7 31 100 
KG 20 90 31 100 14.5 86.2 19.5 97.4 

Control RV 80 98.8 72.5 100 55 100 45 98.9 
KK 88.5 100 93.5 100 75 100 75 99.3 
BC 62.5 100 70 100 41 98.8 43.5 100 
AE 72.5 100 75 99.3 54 99.1 53 100 
RG 81.5 100 82 100 62.5 100 52.5 100 
LB 81 98.8 75 99.3 62.5 100 57.5 100 
DV 107.5 100 107.5 100 82.5 100 76 100 
BE 85 100 75 99.3 64.5 100 55 100 
KD 71 99.3 72.5 100 48 100 40 100 

·These subjects failed to achieve the 60% naming accuracy criterion on the practice task. 
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APPENDIX 0 

Group Means on the Distractor Task of Experiment 1 

Table 0-1. Percent Correct Group Means on the Distractor Task in Competition with 
the Target Listening Tasks 

Group Target Condition 
Task 2 3 4 

Anterior SEM 91 86 82 81 

SENT 89 89 83 82 

LEX 83 86 83 78 

Posterior SEM 94 83 73 69 

SENT 9S 83 86 79 

LEX 92 86 79 76 

Control SEM 98 99 96 99 

SENT 99 98 96 99 

LEX 99 99 99 100 
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Table 0-2. Percent Correct Group Means on the Distractor Task in Competition with the 
Target Speaking Tasks 

Group Target Condition 
Task 2 3 4 

Anterior PHRASE 90 84 78 74 

PIC 87 86 63 61 

RAN 88 89 77 87 

Posterior PHRASE 89 79 81 83 

PIC 93 86 65 63 

RAN 89 87 68 5S 

Control PHRASE 99 98 97 98 

PIC 99 98 96 9S 

RAN 98 100 97 9S 
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Table 0-3. Group Mean RTs (msec) on the Distractor Task in Competition with the 
Target Listening Tasks 

Group Target Condition 
Task 2 3 4 

Anterior SEM 1040 1338 2605 3518 

SENT 1004 1237 3525 4440 

LEX 961 1376 2739 3504 

Posterior SEM 979 1280 3072 4957 

SENT 773 1273 3892 4545 

LEX 917 1230 2874 3928 

Control SEM 662 791 1995 2675 

SENT 570 701 2628 3364 

LEX 537 658 1979 2537 
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Table 0-4. Group Mean RTs (msec) on the Distractor Task in Competition with the 
Target Speaking Tasks 

Group Target Condition 
Task 2 3 4 

Anterior PHRASE 934 1361 3449 5178 

PIC 961 1009 1710 1745 

RAN 986 1063 1676 1847 

Posterior PHRASE 824 1427 3546 3872 

PIC 791 946 1675 1855 

RAN 783 811 1624 1528 

Control PHRASE 525 708 2636 3156 

PIC 520 627 1363 1519 

RAN 574 618 1137 1222 
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APPENDIX P 
Individual Perfonnances on the Listening Tasks of Experiment 2 

Table P-I. Percent Correct Individual Scores on the Semantic Categorization Task 

Condition 
Group SUBJ SEMI SEM2 SEM3 SEM4 

*in out tot in out tot in out tot in out tot 

Anterior DF 100 95 97.5 85 90 87.5 70 80 85 90 65 775 
EO 100 100 100 95 100 97.5 70 95 82.5 60 100 80 
RE 95 95 95 85 100 92.5 50 90 70 60 85 725 
RB 95 100 97.5 95 95 95 80 95 87.5 85 95 90 
1M 100 100 100 95 100 97.5 75 70 72.5 70 50 60 
DG 100 95 97.5 85 90 87.5 55 75 65 50 60 55 
GF 95 85 90 70 40 55 70 40 55 50 25 375 
FE 100 100 100 95 80 87.5 60 90 75 85 90 frl5 
DP 100 100 100 90 95 92.5 80 60 70 65 60 625 

Posterior TH** 85 90 87.5 0 95 47.5 -
IT 95 100 97.5 40 85 62.5 20 75 47.5 40 65 525 
GB 100 100 100 90 85 87.5 75 50 62.5 90 55 725 
SV 95 100 97.5 95 100 97.5 75 100 87.5 75 85 80 
LC 85 95 90 45. 70 77.5 50 80 65 30 70 50 
AW 90 90 90 85 95 90 85 80 82.5 75 85 80 
TO 100 100 100 85 90 82.5 60 100 80 70 90 80 
FG 90 100 95 75 90 82.5 55 55 55 65 60 625 
KG 100 95 97.5 85 90 87.5 55 75 65 70 85 775 

Control RV 100 100 100 95 95 95 90 85 87.5 75 80 775 
KK 90 90 90 100 95 97.5 85 95 90 75 95 85 
BC 95 100 97.5 100 100 100 75 80 77.5 80 95 frl5 
AE 100 100 100 95 90 92.5 70 80 75 85 75 80 
RG 100 100 100 95 85 90 85 95 90 70 95 825 
LB 100 100 100 95 100 97.5 85 90 87.5 85 95 90 
DV 100 100 100 100 100 100 75 90 82.5 90 95 92.S 
BE 95 100 97.5 95 100 97.5 90 80 85 95 70 825 
KO 100 95 97.5 95 100 97.5 70 95 82.5 75 95 85 

*in = in-class words; out = out-of-class words; tot = total 
**This subject refused to complete divided attention conditions. 



195 

Table P-2. Individual Mean Reaction Times (ms) on the Semantic Categorization Task 

Condition 
Group SEMI SEM2 SEM3 SEM4 
SS *in out tot in out tot in out tot in out tot 
i\Dtenor 
OF 1809 1861 1835 1530 1875 1697 2970 4860 4013 5046 5233 5127 
EO 1722 1733 1728 1529 1780 1655 3381 2758 3039 3885 4956 4549 
RE 1450 1894 1672 1531 2151 1859 3341 3678 3561 6929 7149 7059 
RB 1292 1458 1279 1321 1343 1332 1788 2493 2161 3167 3198 3182 
1M 1117 1412 1265 1214 1678 1440 3056 4167 3612 3727 4693 4130 
OG 1707 1643 1675 1769 2973 2389 4757 5443 5157 6771 7655 7254 
GF 1455 1563 1507 1624 1729 1662 1494 1671 1558 2263 2214 2247 
FE 1412 1760 1586 1532 2419 1908 2886 5011 4176 6038 7142 6608 
OP 1500 1588 1544 1428 2133 1781 3590 4768 4088 3693 7169 5431 

Posterior 
TH** 1311 2915 2137 - 2057 2057 -
IT 1524 1694 1611 2467 2828 2713 2851 3063 3016 3667 2971 3227 
GB 1133 1308 1221 1318 1517 1414 2362 3489 2823 3012 4729 3663 
SV 1404 1379 1391 1468 1827 1643 2599 3800 3275 4312 4633 4483 
LC 1683 2049 1876 1969 2007 1995 2340 2331 2335 3392 3448 3431 
AW 1226 1814 1502 1314 1376 1340 1998 2713 2318 4816 5534 5210 
TO 1166 1388 1277 1235 1449 1345 1778 3067 2583 4122 4157 4141 
FG 1380 1444 1414 1274 1450 1370 1700 2389 2061 3268 2961 3127 
KG 1373 1655 1510 1719 1765 1742 2963 3667 3374 3033 4146 3647 

Control 
RV 
KK 
BC 
AE 
RG 
LB 
OV 
BE 
KD 

990 1142 1066 1163 1286 1221 1639 2392 2004 2948 3054 3003 
954 1039 996 791 840 815 1218 1340 1279 2065 2256 2173 
1094 1318 1209 1228 1389 1304 1848 2813 2347 3571 3921 3762 
992 1150 1071 1059 1483 1265 1708 1875 1798 3023 4567 3743 
1062 1300 1174 1102 1381 1233 2401 3178 2801 3260 4022 3703 
1172 1424 1298 1136 1381 1309 3069 3365 3221 3622 4006 3830 
1126 1134 1130 1118 1171 1144 2828 3100 2973 3667 4073 3888 
1147 1365 1259 1241 1291 1267 2249 3401 2806 3254 4429 3802 
1321 1388 1354 1157 1262 1211 2182 2502 2366 3243 3443 3355 

"'m - m-class woras~ OUt Out-or-class woras~ Wt - tOW 
**This subject refused to complete divided attention conditions. 
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Table P-3. Percent Correct Individual Scores on the Lexical Decision Task 

Condition 
Group SUBJ LEX I LEX2 LEX3 LEX4 

*R NR tot R NR tot R NR tot R NR tot 

Anterior OF 95 90 97.5 90 65 77.5 60 70 65 85 75 80 
ED 100 90 95 70 80 75 35 70 52.5 45 55 50 
RE 80 95 87.5 75 65 70 45 65 55 75 60 675 
RB 100 60 80 100 70 85 70 70 70 85 55 70 
1M 100 85 92.5 70 35 52.5 85 60 72.5 80 35 575 
OG 85 80 82.5 55 65 60 45 70 57.5 60 75 675 
GF 95 80 87.5 60 80 70 55 35 45 80 50 65 
FE 95 85 90 75 55 65 50 55 52.5 70 50 60 
DP 90 75 82.5 85 50 67.5 65 45 55 75 35 55 

Posterior TH** 85 50 67.5 95 25 60 
IT 70 95 82.5 15 90 52.5 40 65 52.5 15 70 425 
OB 90 95 97.5 80 50 65 75 60 67.5 75 50 625 
SV 100 95 97.5 50 70 60 75 50 62.5 65 50 575 
LC 65 75 70 5 65 35 45 80 62.5 15 60 375 
AW 90 50 70 70 35 52.5 75 50 62.5 65 45 55 
TO 95 95 95 70 65 67.5 40 75 57.5 70 60 65 
FG 90 70 80 60 40 50 45 80 62.5 30 70 50 
KG 85 80 82.5 55 45 50 70 35 52.5 70 50 60 

Control RV 100 95 97.5 80 65 72.5 80 55 67.5 90 60 75 
KK 95 100 97.5 75 80 77.5 90 75 82.5 80 50 65 
BC 95 85 90 90 75 82.5 60 65 62.5 70 70 70 
AE 90 85 87.5 80 60 70 80 55 67.5 65 55 60 
RG 95 85 90 90 60 75 70 50 60 85 45 65 
LB 100 100 100 90 60 75 90 65 77.5 65 60 625 
OV 95 100 97.5 85 85 85 70 65 67.5 80 60 70 
BE 100 75 87.5 95 65 80 90 65 77.5 90 35 625 
KD 100 85 92.5 85 50 67.5 70 55 62.5 75 65 70 

*R = real word; NR = not real or made up word; tot = total 
**This subject refused to complete the divided attention conditions. 



Table P-4. Individual Mean Reaction Times (ms) on the Lexical Decision Task 

Condition 
Group LEX I LEX2 LEX3 LEX4 
SS *R NR tot R NR tot R NR tot R NR tot 
Antenor 
DF 1215 1324 1268 1539 1500 1523 4865 3914 4310 4844 4993 4914 
ED 1423 1714 1560 1467 1918 1708 4979 3995 4339 2835 4674 3900 
RE 1546 1712 1636 1803 2011 1896 5094 4506 4741 5757 6506 6118 
RB 1147 1476 1271 1314 1568 1419 2507 2658 2580 3089 3365 3201 
~ 1248 1387 1312 2108 2445 2226 3081 3168 3119 4471 5062 4651 
DG 1827 1532 1684 2102 1818 1947 4036 5451 4912 4320 5731 5110 
GF 1278 1251 1266 1386 1529 1468 1745 1661 1716 1798 2035 1889 
FE 1597 1889 1734 1976 2090 1961 5875 5882 5878 7538 7552 7544 
DP 1350 1557 1441 1772 1683 1739 3674 6039 4642 4153 4869 4402 

Posterior 
TH** 1464 2758 1943 1284 2020 1437 -
IT 1699 1720 1711 1850 2464 2432 4109 4014 4049 5476 5192 5227 
GB 1084 1186 1136 1450 1741 1555 6880 7217 7035 5181 5628 5360 
SV 1270 1834 1537 3043 4219 3708 3667 3774 3709 4818 6015 5331 
LC 2070 2069 2069 1783 2014 1998 2441 2627 2600 3361 3279 3297 
AVV 1061 1498 1196 1396 1822 1545 3402 5412 4206 4049 4507 4209 
TD 1481 1471 1476 1535 1539 1537 3690 3001 3241 3860 3620 3749 
FG 1245 1474 1345 1382 1742 1533 3609 2395 2832 2870 2880 2876 
KG 1372 1513 1438 1683 1844 1751 4184 6469 4946 4799 3394 4224 

Control 
RV 
KK 
BC 
AE 
RG 
LB 
DV 
BE 
KD 

981 1374 1172 1205 1794 1458 2049 2617 2280 2748 3088 2884 
846 959 904 977 1137 1059 1578 1854 1698 1759 2520 2052 
1598 1579 1589 1382 1601 1485 3054 3276 3174 3437 3274 3356 
1115 2124 1590 1315 1468 1380 1959 2667 2258 3048 3850 3476 
1178 1617 1385 1280 1661 1424 3256 2974 3146 3167 4489 3643 
1115 1598 1356 1164 1542 1320 3124 3872 3448 3729 3373 3587 
1054 1207 1130 1195 1285 1240 2882 3754 3301 3799 3731 3769 
1193 1637 1376 1445 1633 1521 1937 2786 2873 3498 4450 3776 
1158 1270 1211 1314 1222 1280 2560 2197 2402 3277 3376 3323 

"K real wora; NK nOt real or maae up wora; tOt tOtal 

··This subject refused to complete divided attention conditions. 
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APPENDIX Q 
Individual Perfonnances on the Speaking Tasks of Experiment 2 

Table Q-l. Percent Correct Individual Scores on the Phrase Completion Task 
Condition 

Group SUBJ PHRASE 1 PHRASE2 PHRASE3 PHRASE4 
*C 0 T C 0 T C 0 T C 0 T 

Anterior OF 90 80 85 100 40 70 40 70 55 60 40 50 
EO*· 70 80 75 90 50 70 
RE 100 100 100 100 100 100 90 90 90 100 60 80 
RB 80 90 85 100 80 90 80 90 85 70 90 80 
1M** 60 70 65 70 40 55 
00 90 80 85 90 80 85 90 80 85 70 30 50 
OF 70 50 60 90 20 55 0 0 0 0 0 0 
FE 100 100 100 100 80 90 90 80 85 60 40 50 
OP 90 100 95 90 100 95 90 90 90 70 40 55 

Posterior TH*** - -
JT 30 70 50 60 30 45 40 20 30 40 30 35 
OB 70 100 85 100 70 8S 70 50 60 40 60 50 
SV 100 80 90 100 90 95 90 80 85 90 60 75 
LC 80 100 90 70 40 55 50 60 55 0 50 25 
AW 80 100 90 90 80 85 70 50 60 60 40 50 
TD 90 100 95 100 100 100 90 70 80 80 60 70 
FG 80 90 85 90 80 85 70 70 70 90 60 75 
KG 80 90 85 90 90 90 60 70 65 40 60 50 

Control RV 90 100 9S 100 90 95 100 80 90 100 100 100 
KK 100 100 100 100 100 100 100 100 100 100 90 95 
BC 100 100 100 100 90 95 80 90 85 100 100 100 
AE 90 100 9S 100 100 100 90 100 95 90 90 90 
RG 100 100 100 100 100 100 90 100 95 80 90 85 
LB 100 80 90 100 100 100 100 90 95 100 100 100 
OV 100 100 100 100 100 100 100 100 100 90 90 90 
BE 100 100 100 100 100 100 100 100 100 90 100 95 
K.D 100 100 100 90 100 95 80 100 90 90 100 95 

·C - "closed-set" phrases; 0 - "open-set" phrases; I - total 
**These individuals were unable to perform the RAN task during practice trials so were 
unable to complete divided attention conditions. 
***This individual failed to achieve the 60% accuracy criterion during practice. 
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Table Q-2. Individual Picture Naming Rates ~er minute lliR}z and Naming Accurac:l 
(%} on the RAN Task 

Condition 
Group SUBJ RANI RAN2 RAN3 RAN4 

NR o~ NB. ~ NR ~ NR o~ 

Anterior OF 33 100 32.5 100 17.5 100 13.7 97.5 
EO* -
RE 27.5 100 22.5 100 8.8 100 11 100 
RB 45 96.7 26 94.2 9.9 100 16.4 100 
JM* -
OG 21.5 100 6 58.3 2 100 7.4 91.7 
OF 11 68.2 10.5 52.4 8.1 57.1 5.2 60 
FE 26 98.1 20.5 97.6 10.2 100 8.7 94.7 
OP 30 100 29.5 98.3 11.3 85.2 11.4 100 

Posterior TH** 38.5 100 SO 99 
IT 39 100 20.5 82.9 16.9 92.3 14.1 89.8 
GS 27.5 80 24 79.2 15.2 92.3 14.5 80 
SV 32.5 100 12.5 84 14.4 100 8.8 100 
LC 16.5 87.9 25 82 2.5 20 0 0 
AW 25 84 14.5 72.4 8 81.3 8.5 82.4 
TO 18 100 27.5 54.5 15 76.7 9 77.8 
FG 44.5 97.8 35 98.6 22.6 100 22.9 100 
KG 29.5 98.3 15 76.7 8.2 90.9 14 86.2 

Control RV 65.5 100 68.5 99.3 32.4 100 33.3 100 
KK 90.5 100 88.5 100 43.5 100 55.3 100 
BC 70 100 66 100 39.5 100 37 100 
AE 74 100 66 100 25 100 26.8 100 
RG 86 100 85 100 50.3 100 50.8 98.5 
LS 81.5 98.8 81.5 100 61.7 100 39.5 100 
OV 97.5 100 91 100 55.6 100 59.3 100 
BE 87.5 100 77.5 100 46.4 100 42.2 100 
KD 64 98.4 64 100 34.5 100 40.1 100 

*These subjects failed to achieve the 60% naming accuracy criterion while practicing. 
**This subject was unable to perfonn the PHRASE task during practice trials so was 
unable to complete divided attention conditions. 
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