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ABSTRACT 

Executive and cognitive functioning was examined in 25 individuals (aged 41-80 yrs) 

with aphasia following stroke, 7 nonaphasic individuals (aged 39-76 yrs) with frontal 

lobe injury, and 25 control participants. Clinical and experimental measures were 

administered using nonverbal instructions. Tests included the Raven's Coloured 

Progressive Matrices. Tower of Hanoi (TOH). Porteus Mazes (PM). Judgment of Line 

Orientation. Western Aphasia Battery, and a new board test of spatial planning, the 

Errands Test. The aphasic group performed more poorly than the control group on some 

tests. Performance scores by all participants were submitted to a factor analysis, from 

which two factors emerged. The TOH measures loaded together with PM error score, 

while the PM test age score loaded with the efficiency, strategy, and error scores from the 

Errands Test. Poorer performance on the TOH-PM factor was predicted by the extent of 

brain injury and psychomotor slowing. Poorer performance on the Errands-PM factor was 

predicted by anterior location of the lesion, poorer visuospatial ability, and psychomotor 

slowing. The Errands-PM factor correlated with fimctional communication of the aphasic 

participants (measured by the ASHA-Functional Assessment of Communication Skills). 

Level of aphasia severity, auditory comprehension, and ideomotor praxis did not account 

for performance on the cognitive tests. The study results suggest that aphasic individuals 

may have additional cognitive impairments, including planning and strategy use, and that 

these deficits can be measured validly using nonverbal measures. Until the cognitive 

processes of executive functioning are better defined and assessed, batteries of tests may 

be necessary to predict patients' weaknesses and strengths. 
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INTRODUCTION 

Patients with aphasia resulting from a stroke may exhibit cognitive impairments in 

addition to their language disturbance. The ability to detect and quantify executive 

function impairment, in particular, may be critical for the creation of an appropriate 

treatment program for the aphasic patient. Furthermore, the effects of executive 

dysfunction on daily activities may interact with or amplify limitations due to their 

language disorder. Research regarding observed executive dysfimctions and other 

cognitive deficits is examined, within the following section. Studies using an aphasic 

population may address a broader question in the realm of neuropsychology, concerning 

the importance of internal verbalization to the construct of executive functioning. Is 

executive function truly separable from language, or is inner speech necessary for 

cognitive processes such as self-monitoring, planning and prospective memory (cf., 

Luria. 1973 and Zangwill. 1966)? Alternatively, executive function may not be dependent 

on inner language processes, but limitations in current testing wi± language-impaired 

patients may make it difficult to measure executive ability or dysfunction reliably. 
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BACKGROUND 

Early theories of executive fiinction stem from Luria's work with brain damaged patients. 

In 1973. Luria described the effects of frontal lesions in animals and man. Frontal lesions 

in monkeys resulted in loss of intention or "preparedness for action", while in humans, 

emotional disturbances, the inability to think abstractly, and disturbances of organized. 

goal-directed behavior were consequences of frontal lobe damage. Luria (1973) proposed 

a theory of brain-behavior relationships to explain such observations. In his theoretical 

framework, the anterior frontal lobes act as a final integrator and executor of behavior. As 

such, the region regulates the expression of responses based on the output of other brain 

systems. Executive functions associated with the anterior frontal lobe include planning, 

analysis, and programs of behavior. The prefrontal cortex has been thought to manage 

such aspects of behavioral regulation via speech (Fuster. 1997; Luria. 1973). One of the 

most fiindamental components of Luria's theory involved the role of speech. He 

discussed both how external and inner speech are used to plan motor behaviors and how. 

following frontal lesions, a breakdown between speech (spoken commands) and motor 

actions can be seen. According to Luria (1973): 

Because of speech, abstraction eind generalization of direct stimuli received from 
the outside world is made possible; speech can thus encompass relationships and 
associations between objects and events extending far beyond the limits of direct 
sensory perception. Because of speech, our perception acquires a selective 
systematic character. Finally, because of speech, higher nervous activity in man 
acquired that propert>' that enabled Pavlov (Complete Collected Works. Vol. 3. p. 
577) to describe the second signal system as the "higher regulator of human 
behavior." (p. 86) 
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Luna's views of the regulating function of speech extended to activities of other brain 

regions, such as temporal amnestic aphasia. The disturbances of fi*ontal function that 

Luria inferred were based primarily on clinical observations of perseveration. For 

example, when asked to draw a series of shapes, the patient might say "circle, square, 

cross" yet continually draw only circles. Luria's theory finds support in modem data to 

an extent. However, few empirical studies have made a specific link between executive 

dysfiinction (i.e.. in planning) and disrupted inner speech. 

The empirical study of executive flmction in humans often utilizes patients with lesions 

to the firontal cortex or anterior white matter. While there is evidence that frontal lobe 

damage patients do not use the same strategies as controls on many executive tasks, it is 

not clear whether the difficulties frontal patients experience are due to ineffective strategy 

generation or implementation. Evidence from patients with frontal lobe lesions suggests 

that deficits in executive functions can be difficult to measure in a formal, structiored 

assessment (Levine et al. 1998). Problems that the patients exhibit in everyday 

functioning do not seem to translate to pencil-and-paper or other performance tasks in the 

examiner's office, where such tasks rarely require the type of longer duration planning 

and priority setting typical of real-life situations (Shallice & Burgess. 1991). 

Many case studies of frontal lobe damage use patients who have experienced traumatic 

brain injury' (TBI). Although these cases are not ideal, due to the possible contributions of 

diffuse damage (e.g.. axonal shearing) and likelihood of orbital and anterior temporal 
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damage in addition to other frontal regions, the behavior of TBI survivors is similar to 

that of many patients with circumscribed frontal damage due to other causes. In a study 

of three TBI patients with lesions to the anterior fossa, right and left medial frontal 

cortex, insular cortex, and left temporal cortex (Shallice & Burgess. 1991). all patients 

performed well on perceptual, language, and general cognitive tests and two of the three 

patients had no impairments on tests presumed sensitive to frontal ftmctioning.' Despite 

the normal laboratory task performance, all three were noted to have severe 

organizational deficits in their daily activities. On two experimental tests requiring 

planning/scheduling and rule adherence, the patients performed significantly worse than 

controls on rule breaks and inefficiencies. The authors concluded that the lesions 

disrupted the patient's ability to plan via the creation and later triggering of markers, 

which corresponds to difficulties with the temporal organization of behavior noted by 

others (Faster. 1997; Milner, 1982). 

Issues in neuropsychological testing of executive fimction 

Despite assertions of frontal lobe localization, executive fimctions most likely include 

multiple component processes involving several brain regions working in conjunction. 

The assignment of ftmction to a single location is both challenging and potentially 

misleading, if assumptions are made about the necessity or sufficiency of a particular area 

of the brain to a particular fiinction. The efforts to parse the frontal lobes into smaller and 

' Tests included were the Alteneration task. Cognitive Estimates test. Road Map Test, Personal Orientation 
Test. Proverb Interpretations, Self-ordered Memory, Stroop (time). Tower of London, Trailmaking Test 
Verbal Fluency, and Modified Wisconsin Card Sorting Test (categories). 
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functionally distinct areas are paralleled by increasing recognition of the networks 

involving frontal interaction. Executive function deficits may be seen following basal 

ganglia damage as well as following frontal damage. Neuroimaging studies are beginning 

to examine networks or patterns of interaction involving, but not limited to. frontal 

regions. These shifts in focus serve to emphasize the utilit>' of separating anatomy from 

ftmction. While it is true that executive ftinction deficits have been extensively linked to 

frontal damage, and may ultimately correlate specifically with lesions of the dorsolateral 

prefrontEil cortex (DLPFC). there is a need to come to consensus on the definition of the 

construct of executive function so that valid assessment may be achieved. 

Neuropsychological assessment attempts to determine localization of lesions, but is better 

suited to reveal the strengths and weaknesses of the patient and to make 

recommendations regarding treatment. Accurate assessment requires valid and 

interpretable measures of function. 

Multiple opinions exist as to what constitutes a test of executive function. The main 

criterion seems to be making novel or nonroutine demands of the subject (Luria, 1978. as 

cited in Godefroy & Rousseaux. 1997: Shallice. 1998). Whether the novelty increases 

requirements in decision-making or novel stimulus-response associations (Godefroy & 

Rousseaux. 1997). novel problem-solving (Duncan. Burgess, & Emslie. 1995), or 

complex attention allocation (Alderman et al.. 1995). it is clear that the frontal areas are 

important for nonroutine situations (Luria. 1973; Shallice. 1982). A second criterion may 

be task complexity. Research has shown that patients with frontal lesions can perform 
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normally on intelligence tests and some simpler cognitive tasks, although their 

performance may be related to the extent of the lesion (Butler. Rorsman. Hill. & Tuma, 

1993; Stuss. 1993). Thus, in order to increase the sensitivity of neuropsychological tests 

to frontal deficits, researchers have turned to more complex tasks. Task complexity has 

been criticized however, by those who feel that the "complex tasks often tap many 

abilities, hindering the efforts to differentiate and isolate cognitive processes" (Stuss. 

1993. p. 222; see also Godefroy & Rousseaux. 1997). In light of the role of the frontal 

cortex as an integrator of cognitive processes, tasks more similar to real-life in their 

complexity may be the most appropriate for eliciting deficiencies in executive ability. 

Aphasia and executive dvsftmction 

The discussion of executive fiinction to this point has focused on normal functioning and 

deficits following frontal or diffuse lesions. A particular population of interest, in which 

little is known about executive dysfunction, is those with aphasia. The term aphasia 

indicates language impairment, and according to Bayles (1994) should be used to 

describe patients in whom the language impairment is proportionally more severe than 

general intellectual impairment. As will be discussed below, determining the exact nature 

and extent of the "intellectual impairment" in aphasic individuals may be difficult, 

although there are reasons to hypothesize that some aphasic individuals will have 

cognitive deficits in addition to language. The causes of the focal brain damage leading to 

aphasia typically include cerebro-vascular accidents (CVA), head injury, brain tumor, or 

tumor removal surger\' (Lesser. 1978). Damage in the frontal region of the brain. 
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involving the insula. Broca's area, the supplementary motor area, or connecting tissue, 

can leave the patient with expressive language deficits (e.g.. difficutly with initiation, 

fluency, and repetition of speech). These language regions and the dorsolateral prefrontal 

cortex receive their blood supply from the left middle cerebral artery (MCA), the artery 

typically occluded in cases of stroke-induced aphasia (Nolte, 1993). Posterior language 

areas may also be damaged by MCA strokes (Albert, Goodglass. Helm, Rubens, & 

Alexander. 1981).' Damage due to a MCA stroke may not only leave the patient with 

aphasia, it may also affect his or her executive functioning, given the proposed reliance of 

executive ftmction on prefrontal cortex and connections between the frontal lobes and 

other brain regions. 

One set of observations supporting a regulative role of language in frontal regions is that 

of a verbal - action dissociation in some patients with frontal damage. Milner (1964) 

noted that patients with dorsolateral and superior mesial lesions verbalized test 

requirements correctly and then carried out a completely different course of action, often 

inappropriate or ineffective to the test goals. This was described by Teuber (1964) as the 

"curious dissociation between knowing and doing" (in Comment Section on Milner. 

1964. p. 333). The dissociation has been noted by others besides Milner (i.e., as "goal 

neglect" in Duncan. 1995; Luria & Homskaya. 1964). It has also been described as a 

failure to apply a strategy despite expressing awareness of it (Levine et al., 1998) and 

alternatively as a deficit in inhibition, whereby patients perseverate on incorrect 

• Nearly all types of aphasia may result from a MCA occlusion or hemorrhage. 
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responses despite being aware that they are wrong (Stuss & Benson. 1986). Zangwill 

(1966) referred to Luria's idea of the "regulative function of speech." which is the notion 

that verbal self-instructions (or instructions from others) initiate and direct actions. He 

added his own caveat that the lack of verbal regulation that contributes to the verbal-

action dissociations and deficits in response shifting and in planning may be due to mild 

expressive aphasia. His hypothesis predicts a link between the inner linguistic process 

and the behavior or expression of language, namely speech. Failures to use auditory 

instruction to regulate behavior have been seen in patients with left dorsolateral prefrontal 

cortex lesions (Stuss & Benson. 1986). More recent studies, using fMRI. support the 

reverse, the role of executive ftmction on language: "The anterior attentional system 

through the cingulate and the dorsolateral executive control system allows the selection, 

integration, and matching of various cortical representations of language" (Kertesz. 1999. 

p. 270). 

One early theory of verbal and nonverbal impairments in aphasia described correlations 

between the ability to adopt an "abstract attitude." dependent on abstract language, and 

characteristics that would now be called executive ftinctions. such as assuming a mental 

set. set shifting, and planning ahead ideationally (Goldstein. 1948). More recent theories 

of the variance seen in aphasic individuals' performances and behavior revolve around 

the attentional system, particularly allocation of attention resources (McNeil. Odell, & 

Tseng. 1991; Murray. Holland. & Beeson. 1997; Murray, Holland. & Beeson. 1998). 

These theories are motivated by the observation that some aphasic individuals may have 
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cognitive impairments in addition to language. Whether these impaired processes truly 

fall under the rubric of e.xecutive functions remains to be examined. Evidence of 

executive dysfiinction in aphasic individuals has been provided by Glosser and 

Goodglass (1990). who reported that aphasic individuals make more perseverative errors, 

a symptom of some frontal disorders. Purdy (1992/1993) drew attention to the link 

between the fi-ontal area infarcts seen in some aphasic patients and the possibility of 

executive fimction disorder, which she predicted might affect communicative 

performance. 

The ability to generate, select, and apply strategies is important in execution of behavior 

and has treatment implications (Lawson & Rice. 1989; Purdy. 1992/1993). Once an 

aphasic individual has been trained in cognitive and behavioral strategies to compensate 

for his/her communication impairment, it is key that the patient generalizes the learned 

strategies to real-life situations. Aphasic patients have demonstrated difficulties in 

generalizing verbal and nonverbal behaviors (Purdy. 1992/1993). Similarly, language 

treatments in aphasic patients may be limited if the patient has impairments in strategy 

application or abstract reasoning (Reitan. 1988). Reitan (1988) emphasized the 

importance of the evaluation of patients presenting with a specific cognitive impairment 

for additional deficits, particularly in the domain of executive fimction. Other authors 

have made comparable suggestions: 

Patients with impairment of basic cognitive skills should be trained 
non-verbally to create a sufficient basis for language-oriented treatment 
and communication strategies. (van Mourik. Verschaeve. Boon, 
Paquiers. & Van Harskamp. 1992. p. 497) 
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A study, in which higher post-lesion IQ predicted better recovery of language function, 

supported the proposition that the availability of organizational, planning, and learning 

processes could lead to a faster recovery (Bailey, Powell, & Clark. 1981). 

The challenges of testing executive fiinction with aphasic individuals 

There are clearly numerous neuropsychological tests for the measurement of executive 

function, yet it remains difficult to test aphasic individuals' executive ability. The reason 

for this difficulty lies in the verbal expression and other language requirements of many 

executive function tests. Verbal fluency, the Alternate Uses test, the Hayling test the Six 

Elements test, and others depend on verbal output for assessment of executive abilities. 

Aphasic patients (across the board) have been shown to perform significantly worse on 

verbal intelligence and memory tests than normal controls or right hemisphere lesioned 

comparison groups (FCertesz & McCabe. 1975). Even tests that do not specifically require 

verbal answers may have language elements to them that pose difficulties in 

comprehension or reading for some individuals with aphasia. For example, the Planning 

Test involves reading events written on cards, while Trails A and B use letters and 

numbers. Reitan's (1960) comparison of aphasic and non-aphasic subjects found lower 

scores for the aphasic individuals on tests using "language or language symbols." Those 

aphasic individuals with primarily auditory comprehension deficits have also shown 

impairment on complex tasks involving spatial and conceptual abilities (Hamsher, 1998), 
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Disregarding all tests needing verbal output still leaves a number of reasonably valid 

assessment measures. Difficulties remain, however, in the use of "nonverbal" executive 

function tests. Comprehension deficits in some aphasic individuals may lead to difficulty 

understanding task instructions. One of the important criteria for a valid test of executive 

functioning is that it is novel to the examinee or demands nonroutine behaviors. Novel 

requirements often are difficult to understand, even for those with perfect comprehension. 

A second complication is that many executive function tests are complex, requiring 

multiple steps or rules. This complexity may make the tests more sensitive to brain 

damage (Butler et al.. 1993). however it also makes the test that much more challenging 

to understand. Maly. Tumheim, Heiss. and Gloning (1977) concluded that individuals 

with certain types of aphasia (total and sensory, in their terms) might have difficulty 

understanding the task demands of nonverbal intelligence tests. Many aphasic individuals 

have difficulty with multiple commands, such as on the Token Test or Western Aphasia 

Battery Auditory Comprehension Commands section (Lezak. 1995). A complicated. 

novel task (e.g.. the Wisconsin Card Sorting Test. WCST) therefore, is likely to present a 

high possibility for misunderstanding of task instructions. Even elderly participants with 

normal language abilities have found the WCST so hard to understand that they 

performed at the floor (Bhutani. Montaldi. Brooks, & McCulloch. 1992, as cited in 

Phillips. 1997). 

Some researchers have taken the approach of modifying tests administered to aphasic 

participants to mitigate nontask-related effects such as poor instruction comprehension 
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and psychomotor slowing (Goodglass & Glosser. 1990). Possible mechanisms for 

achieving more equitable testing conditions include removing time constraints, 

simplifying the formal instructions prescribed by test developers, supplementing verbal 

instructions with gesture or drawings, and administering practice items to verify 

understanding of the instructions. There may be drawbacks to such tactics, however. 

Speeded tasks given with unlimited time may compromise the examiner's ability to 

compare the test group to normative data. Similarly, veering from strict instructions 

relaxes the standards of the test administration and may also invalidate the normative 

comparison. In an effort to make the instructions more comprehensible, the examiner 

may inadvertently give the patient insight into the purpose of the test or provide help 

(e.g.. to continue with the WCST example, she or he may lead to the formation of a 

concept the patient would not have otherwise discerned). The use of practice samples, 

moreover, may reduce the novelty of the paradigm, lead to practice effects, or otherwise 

reduce accurate measurement of their performance. The best methods for improving the 

testability of executive functions in aphasic individuals are most likely in test selection 

and use of communication aids (i.e.. gesture). Pointing to test items or examples while 

explaining them or even having another person role-play taking the test (particularly if 

examples are allowed) may increase the relevance of the stimuli to the examinee. 

Imparting adequate instruction and evaluating the understanding of the patient in such a 

complex assessment requires an examiner experienced both in neuropsychological testing 

and maximizing communicative success. 
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The interaction of language and executive function 

Early theories of the interaction of language and cognition focused on the proposed need 

for proprioceptive feedback from mouth and tongue musculature for successful 

completion of certain tasks. Studies in the late 1960s by Luria (discussed in Nebes. 1975) 

showed that aphasic individuals who were prohibited from making external 

verbalizations during "visual-practical" tasks performed the tasks much worse than when 

allowed to talk out loud. Nebes concluded that the restriction of the musculature 

interfered with the inner speech of the aphasic individuals. Sokolov (1971) reported 

electrical activity in the oral musculature while participants solved the Raven's 

Progressive Matrices, although this does not prove that such activity is necessary to 

problem-solving. 

The primary focus of previous research has been the effect of verbal mediation on 

memory. Baddeley's model of verbal memory posits the need for a phonological 

representation (the phonological loop) to maintain verbal material in working memory,^ 

however his nonverbal component, the visual sketchpad, also uses the phonological input 

store if visually presented material is subvocally rehearsed. In a study of memory for 

visually-presented objects, aphasic participants did not appear to use verbal mediation to 

encode the objects, as evidenced by a lack of improvement in memory for nameable 

objects over abstract designs and an absence of inteference between acoustically 

' In a study of the effects of articulatory suppression on verbal memory, Baddeley and Lewis (1981) found 
that suppression of internal speech had a negative effect on later memory. 
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similar nameabie objects versus nonsimilar nameable objects (Goodglass. Denes. & 

Calderon. 1974). The controversy over whether verbal coding is more effective than 

perceptual for visuospatial information has advocates (Borod, Carper. & Goodglass. 

1982; Gainotti. Caltagirone. & Miceli, 1978) and adversaries (Cremonini, de Renzi, & 

Faglioni. 1980; Reitan. 1960). It has been suggested that aphasic individuals do worse 

than groups that can use inner speech on verbalizable tests, like the Picture Arrangement 

and Picture Completion subtests of the Wechsler Adult Intelligence Scale (WAJS; Borod 

et al.. 1982; Maly et al.. 1977; Stuss & Benson. 1986). Intact inner language was 

hypothesized as an essential component of successful performance on the WAIS Picture 

Arrangement subtest for "judgment, sequential thinking, ability to plan, and spatial 

conception" (Maly et al.. 1977. p. 91). In some cases though, aphasic patients have been 

unimpaired on tests thought to use "implicit verbalization" or subvocal verbalization, 

compared to brain-damaged nonaphasic patients (Reitan, 1960). 

It has been posited that people use inner speech to select behavioral features and then 

create and monitor the execution of a plan for behavior (Stuss &. Benson, 1986). Shallice 

(1982) discussed the possibility that patients with left anterior lesions do more poorly on 

the Tower of London test (TOL) due to interference with verbal mediation. To test this 

hypothesis, he had normal participants perform an articulatory suppression task while 

doing the TOL. The articulatory suppression task did not have a negative impact on their 

performance, indicating that verbal mediation was not necessary for adequate 
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performance on this planning task. In contrast, articulatory suppression through counting 

and other verbalization increased the number of errors made by normal participants on a 

semantic anomaly detection task (Baddeley & Lewis, 1981). In previous studies by 

Baddeley and colleagues (cf. Baddeley & Lewis. 1981). articulatory suppression did not 

impair performance on a rhyme judgment task, suggesting that subvocalization of speech 

is not necessary for phonological encoding. Alternative theories for poor organization of 

sequential information include a disruption of irmer speech leading to plaiming deficits 

versus a more general inability to use external cues to guide behaviors (Stuss & Benson. 

1986).-' 

Nonetheless, in previous experiments by Binet (described in Sokolov, 1971), normal 

participants could comprehend and answer questions while inner speech was disrupted. 

The irmer processes leading to the ability to answer the questions were described as a 

semantic "sense." yet the direction and organization of thoughts was still argued to be 

determined by inner speech (Sokolov. 1971). Despite the impairment of inner speech in 

some individuals with aphasia, the capacity for rational thought endures. The format of 

that thought remains a topic of discussion, with one likelihood a semantic or conceptual 

representation that is independent of linguistic function. Evidence for a dissociation 

between semantic representation and linguistic output includes an extraperisylvian 

localization for semantic processing (Hodges &. Patterson, 1997) and the intact 

* The laner hypothesis is supported by observations of lack of organization of nonlinguistic or spatial 
information following damage to right prefrontal cortex. 
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performance of some individuals with aphasia on semantic matching tasks (e.g.. 

Pyramids and Palm Trees Test). Kinsboume (2000) suggested that those with aphasia 

may evidence "thought unsupported by language" (p. 122) and proposed that those with 

receptive deficits may be unaware of the loss of inner speech, while those with expressive 

impairment may be more aware than normal speakers of antecedant inner speech (i.e. the 

thoughts preceding verbal output). Though the data to support such propositions is 

limited, the questions he raises are intriguing. 

The question of the necessity of language ability to executive processing is equally 

complex. The separation of iimer speech and self-instruction from the construct of 

executive function may be difficult given the limitations of executive function testing. 

While some authors seem to suggest that deficits in plarming contribute to the language 

impairment (Costello & Warrington. 1989. as cited in Burgess & Shallice. 1996), the 

reverse may also be true; impairments in inner language reduce ability to plan or create 

markers for future actions. Lang's (1989) remarks on the difficulty of assessing memory 

in aphasia are entirely applicable to the quandary of executive function testing in this 

population. He stated that (a) linguistic impairment makes verbal testing difficult, (b) 

memory may be impaired in addition to linguistic problems, but one cannot determine 

that; and (c) it is possible to test nonverbal memory but this is not necessarily informative 

concerning overall and verbal memory. These same factors complicate executive fiinction 

testing. It is indeed difficult to test executive fimctioning in patients with language 

limitations - few tests exist which are nonverbal and have high sensitivity and 
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specificity.^ The results of several studies (Beeson, Bayles, Rubens. & Kaszniak. 1993; 

Goodglass & Glosser. 1990; Purdy. 1992/1993) suggest that there may be impairments of 

executive function in aphasic individuals in addition to their linguistic deficits, but testing 

is confounded by the latter. Finally, testing executive ftmction nonverbally has confounds 

(such as involving nonexecutive motor and visuospatial processes) and may tap a 

different construct than verbal executive function tests. With such limitations, one 

wonders if the pursuit of executive fimction testing in aphasic individuals is premature 

before a clearer understanding of the interaction of normal language and executive 

functions is achieved. Yet, the performance of patients with varying profiles of aphasia 

on executive function tests could provide insight into the nature of that interaction. 

Studies with aphasic patients 

Evidence is available that aphasic individuals, assessed nonverbally. have deficiencies in 

both memory and executive functions (Cremonini et al.. 1980; de Renzi & Nichelli, 1975; 

Gainotti et al.. 1978; Goldenberg eta!., 1994, for working memory; Basso, Capitani, 

Luzzatti, Spinnler, & Zanobio, 1985; Cohen et al., 1980; Glosser & Goodglass, 1990; 

Gutbrod. Cohen. Mager. &. Meier. 1989 for executive functions). One of the clearest 

empirical studies of executive functioning in an aphasic population was done by Glosser 

and Goodglass (1990). They modified executive fimction tasks to be nonverbal and 

independent of language impairment, and administered them without time constraints to 

' Sensitivity is the ability to detect dysfunction or damage, while specificity refers to the differentiation of 
one location of damage from another (or one type of dysfunction fi-om another). 
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avoid motor processing speed confounds. The tests used were; the Nonverbal Continuous 

Performance Test (NCPT). a visual task requiring sustained attention and selective 

response to nonverbal symbols, the Graphic Pattern Generation Task (GPG) and 

Sequence Generation Test (SGT). which require novel response generation similar to 

design fluency tests, and the Tower of Hanoi (TOH) puzzle, which assesses novel 

planning, problem-solving, and rule adherence. Aphasic patients with dorsolateral 

prefrontal cortex lesions were impaired relative to aphasic patients with nonfrontal 

lesions on the simple NCPT. the GPG. and the SGT. The authors stated that these 

differences do not reflect language or visuospatial impairments, as the left frontal aphasic 

group was not significantly more impaired on standard psychometric tests thought to 

"measure auditory comprehension and visual perceptual and constructional abilities" (p. 

497). The experimental tests (NCPT. GPG. SGT) showed convergent validity as 

measures of DLPFC functioning, as they correlated significantly with the WCST. which 

the authors chose as a measure DLPFC functioning.^ These tests also had correlations 

with measures of visual perceptual and constructive abilities, suggesting roles for 

visuospatial as well as executive processing in the NCPT. GPG. and SGT. Only the SGT 

and TOH had scores that correlated widi language measures, suggesting a possible 

reliance on linguistic mediation or processing. In summary, aphasic individuals in general 

may be impaired on visuospatial tasks, while those with DLPFC damage have additional 

executive ftmction deficits relative to other aphasic individuals. 

However, the specificity of the WCST for the frontal lobes has been questioned. Some patients with 
frontal lobe damage have not shown deficits on the WCST, while patients with injury to other brain regions 
have shown impairments. For a more complete review, see Keil & Kaszniak (in press). 
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Purdy (1992/1993) applied the concept of executive function deficits in aphasia to the 

inability of some aphasic individuals to achieve communicative success. She 

hypothesized that aphasic individuals "lack the ability to initiate, plan, monitor, and 

correct their own communicative performance, and thus are unable to use their available 

verbal and nonverbal abilities to achieve their goals'" (p. 5). In her study, she 

hypothesized that some aphasic individuals would show reduced executive abilities and 

would have limited communicative success using specific tools. She gave 15 aphasic 

participants and 12 controls five executive flmction tests as well as a structured 

communication task. The executive flmction tasks administered were the Porteus Mazes 

test (PM). Tower of London (TOL). Tower of Hanoi (TOH). Wisconsin Card Sort Test 

(WCST). and Block Design from the WAIS-R (BD). For each test she created measures 

of accuracy, efficiency, and speed.^ She found that aphasic participants and controls did 

equally well on the TOL. but aphasic participants had significantly lower efficiency 

scores on the PM. BD. and WCST. lower accuracy on the BD and TOH. and overall 

worse performance on eight of the ten executive function variables on which the groups 

o 
were compared. She noted that aphasic individuals were able to leam the communication 

techniques, but only switched techniques 41% of the time after the initial communication 

attempt failed. Those who did switch were successful 67% of the time. Participants often 

The accuracy variable reflected whether subjects had all the cognitive abilities necessary to complete the 
task, the speed variable was amount of time taken to complete correct items, and the efficiency variable 
reflects the mean number of trials or moves for the correct items. 
' The executive function variables were: TOL speed, TOL efficiency, PM speed, PM efficiency, WCST 
accuracy. WCST speed. WCST efficiency, WCST perseverative errors, BD speed, and BD efficiency. 
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persisted in attempting to use verbal means and did not seem to recognize that nonverbal 

means provided an opportunity for better communication. Surprisingly, the lack of 

communication modality switching did not correlate with performance on the executive 

function tests, nor did the latter correlate strongly with each other. Purdy concluded that 

the lack of success on the structured communication task, drop in performance from TOL 

to TOH. and higher percentage perseverative errors on the WCST could be explained as 

deficits in attention allocation. 

In a study of memory impairment in aphasic individuals, Beeson et al. (1993) looked at 

long- and short-term memory in 14 patients with stroke-induced aphasia. The aphasic 

individuals were divided into those with anterior lesions (affecting primarily frontal 

cortex, rolandic region, insula, anterior deep white matter and subcortical gray matter) 

and those with posterior lesions (temporoparietal). The anterior and posterior lesion 

groups were equated for aphasic severity, according to the Western Aphasia Battery. The 

study was an attempt to replicate a dissociation of verbal long- and short-term memory by 

lesion location and to test the hypothesis that verbal long-term memory impairment in 

aphasic individuals with anterior lesions is due to executive control deficits. Although 

both groups were impaired on both types of memory relative to controls, the groups 

dissociated with regard to short- versus long-term memory. The anterior lesion group 

performed worse on verbal long-term memory than the posterior group. More 

specifically, the aphasic individuals with anterior lesions seemed less able to use retrieval 

strategies for improving verbal recall than the posterior group, and benefited less from 
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repeated recall trials. The authors concluded that the aphasia-producing stroke damage in 

the anterior group, which e.xtended into lateral prefrontal cortex (and possibly affected 

white matter connections), was responsible for creating executive function deficiencies 

that impaired long-term memory retrieval. 

One question that has not been addressed adequately is how the severity of aphasia 

relates to other cognitive deficits. Most studies of the effects of left hemisphere lesions on 

intelligence and cognitive assessment have excluded aphasic individuals altogether; those 

that have an aphasic group tend to average across aphasic types in the interest of 

statistical power. Of the studies that attempted to examine the relationship of aphasia 

severity and some cognitive ftinction (Borod et al.. 1982; de Renzi & Nichelli. 1975; 

Kertesz & McCabe. 1977; Lang. 1989; Maly et al.. 1977; Murray et al.. 1997). there 

seems to be clear evidence that those with global aphasia do worse than other types (e.g.. 

Broca's. Wernicke's, anomic). Of course there are confounds to comparing across 

aphasia tv pes. in terms of extent and location of lesion (i.e.. anterior versus posterior). 

Globally aphasic individuals tvpically have more extensive lesions than other types, tend 

to have less recovery after the lesion-inducing event, and are probably more difficult to 

test given their receptive and expressive limitations. Borod et al. (1982) found that 

patients with global aphasia performed more poorly than other aphasic patients on all 

WAIS performance subtests, while no differences were seen amongst those with Broca's, 

anomic. conduction, mixed non-fluent, or Wernicke's aphasia. This result raises the 

question of whether group differences between aphasic and nonaphasic groups on 
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nonverbal measures are unduly influenced by the poor performance of those with global 

aphasia. In addition, the authors" finding that covarying for constructional apraxia 

eliminated the difference between the global group and other aphasic patients adds to the 

list of confounds of intelligence testing in aphasic individuals.^ 

Basso. Capitani. Luzzatti. and Spirmler (1981) also measured intelligence in 141 aphasic 

individuals, using the Wechsler Bellevue Performance Scale subtests and Ravens 

Progressive Matrices, and found that having aphasia lowered performance on the tests, 

regardless of size of the lesion. However, neither type of aphasia nor severity affected 

intelligence test scores, once they controlled for the effects of constructional apraxia 

(Basso et al.. 1981. p. 730). In an earlier study, performance on subtests of the WAIS 

(Picture Completion, Object Assembly, and Block Design) was found to correlate with 

the lesion size and hemispheric perfusion (Maly et al., 1977). In addition, differences 

were observed based on aphasia severity, with amnestic aphasic individuals (anomia 

only) obtaining higher scores on performance tests than those with total, motor, or 

sensory aphasia. Further dissociations were seen on specific subtests: the group with 

motor aphasia did better than other groups on Picture Arrangement, while the group with 

total (global) aphasia did worse than others on Picture Completion. The authors (Maly et 

al., 1977) discussed the performances as varying due to language deficits (inner language 

' However, some measures used to assess constructional praxis were very similar to the performance 
subtests, thus the covariance analysis could be expected to obliterate any pattern of variance. That is 
precisely why covariance methods are not recommended with highly correlated covariate and independent 
variables (A.W. Kaszniak, personal communication. March 31. 2000). 
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and comprehension), despite the designation of the tasks as nonverbal. Purdy 

(1992/1993) discussed the importance of examining the relationship between aphasia 

severity, cognitive functioning and communicative fiinctioning, but did not report any 

analyses relating her assessment of aphasia severity (the Porch Index of Communicative 

Abilities) to experimental measures. 

Summary of findings in aohasic populations 

In sum. there are conflicting reports of multiple cognitive impairments in aphasic 

individuals that can be separated from language deficits. Assuming that adequate care 

was taken in the assessment techniques to facilitate understanding of the task demands, 

limited evidence exists for attentional, visuoconstructive, strategic retrieval, and fluency 

impairments. Additional deficits may exist in sequential planning, response selection and 

set shifting, but it is not clear that these are independent of linguistic ftmction. as the 

measures typically used language symbols (letters or numbers). Measurement of verbal 

intelligence is obviously confounded by the verbal requirements of the tests themselves, 

and thus cannot be generalized to predict a "general intelligence" deficit. With regard to 

aphasia severity or type, there is striking (but not undisputed) evidence that those with 

global aphasia do worse on most cognitive tests than any other type. This evidence may 

simply reflect more extensive lesions in globally aphasic patients. There have been 

relatively few studies of executive fianction components in aphasic patients compared to 
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Other populations, partly due to a lack of available nonverbal measures.'" Those studies 

that were done often limited the patients to those with mild or moderate aphasia, or failed 

to differentiate performance on the test by aphasia severity (usually due to small numbers 

of participants). Consequently, most of the questions relating to how planning and 

strategy, generation/initiation, suppression, attention, and reasoning processes are 

affected in aphasic individuals remain unanswered. 

Defining executive processes and hypotheses 

As the field of neuropsychology grapples with the definition of executive function and its 

anatomical localization, there is much to be gained by the further delineation of particular 

executive processes. Although some agreement exists as to the broader domains of 

executive functioning (i.e. complex attention or attention allocation and working 

memory), there are conflicting proposals of multiple component processes without a clear 

theoretical foundation for the factoring of processes into measurable behaviors. One 

possible set of processes recruited for executive functioning includes plaruiing, 

generating and applying strategies, and using rules or feedback to guide and maintain the 

plan. Which clinical and research assessment tools can adequately tap these processes 

remains to be determined. 

Once a set of tests has been chosen as sensitive to the planning and strategy processes. 

The lack of availability may reflect lack of popular knowledge of executive function tests, lack of use 
due to limitations in testing aphasics (such as those mentioned above), or lack of tests with adequate norms, 
reliability, or validity. 
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there are additional requirements for use in specific populations. For individuals with 

aphasia, the amount of linguistic dependence should be minimized. It is well known that 

aphasic individuals show impairments on verbal assessment measures. What is not well 

established is the possible existence of e.xecutive function deficits in aphasic individuals, 

nor how such deficits may be related to lesion localization, aphasia severity, or auditory 

comprehension. 

As the result of a previous literature review (Keil & Kaszniak. in press), the term 

executive function was separated into theoretical cognitive process categories. The 

specific abilities of plarming. use of strategy, and rule adherence were designated as 

belonging to the same category. The present study examined whether selected assessment 

tests measure a common set of abilities. In addition, a gameboard test of rule adherence 

and strategy use was developed and examined for its viability and validity as a nonverbal 

executive fimction test. It is called the Errands Test. It was hypothesized that scores on 

the Porteus Mazes test (PM). the Tower of Hanoi test (TOH). and the new Errands Test 

would reflect a common set of underlying cognitive processes, presumed to give rise to 

planning and strategy use behaviors. Face validity and consensus among researchers 

suggests that the PM and TOH measure executive functions involving planning or 

foresight, following rules, and controlling impulsive moves, and the Errands test was also 

designed with those flmctions in mind. In addition, participants with brain injury were 

expected to show deficits, compared to control participants, on the measures of executive 

fimction. Two separate groups were tested, individuals with aphasia following brain 
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injury, and individuals with lesions to the frontal lobe but without language disturbance. 

The explanation of executive deficits in the aphasic individuals was expected to vary by 

the location of their lesions. Executive functioning was expected to be poorer in those 

with dorsolateral prefrontal cortical damage and possibly in those with more severe 

auditory comprehension impairment, due to disrupted inner language. Finally, it was 

hypothesized that poorer performance on the neuropsychological measures in the aphasic 

group would be correlated with lower fiinctioning in everyday communication, 

particularly on a scale of daily planning. 

Succinctly, the hypotheses proposed for study were: 

1. There would be a common planning factor across neuropsychological tests. 

2. Aphasic individuals would have deficits in executive fimction compared to normal 

controls. 

3. Due to previous research findings of poorer performance on cognitive tests in those 

\sith impaired auditory comprehension, and to the link between auditory comprehension 

and possible disruption of irmer speech, it was expected that aphasic individuals with 

posterior damage would show executive deficits correlated to the level of auditory 

comprehension impairment. Aphasic individuals with anterior damage, including lateral 

prefrontal cortex, were expected to show greater executive fimction deficits than those 

with posterior damage. 

4. Poorer performance on the neuropsychological tests and Errands Test would correlate 

with lower communicative functioning. 
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METHODS 

Participants 

Three groups of individuals participated in this study; those with aphasia following 

stroke, those with frontal lobe injury but without aphasia, and healthy controls. Twenty-

eight aphasic participants were recruited through referrals from a speech language 

pathologist (SLP) and a neurologist. Those included in the study had aphasia resulting 

from a stroke at least si.x months prior to testing, and were free of other neurological 

disorders, aside from stroke-related seizures, which were controlled through medication. 

One participant was dropped from the study due to a history of multiple strokes 

bilaterally. Two participants were included initially, but were unable to complete testing 

(see the Appendix for explanation of their difficulties and test results). The remaining 

participants ranged in age from 41-80 (mean age 66.3. SD 9.57). and all had at least 11 

years of education (mean education 16.0. SD 3.47). Of the 25 participants with aphasia, 

there were seventeen men and eight women. Three participants (JH. BY. GM) had more 

than one CVA, but the non-aphasia-producing CVA did not affect frontal cortex or 

language areas. The final sample included individuals with the following aphasic 

classifications: 7 Anomic. 12 Broca's. and 6 Conduction, based on the classification 

system by the Kertesz (1982; Kertesz and McCabe. 1977). Several of the experimental 

measures do not have adequate norm bases, therefore twenty-seven age and education 

matched normal controls were tested (mean age 64.8. SD 9.99; mean education 16.2, SD 

3.56). The eighteen men and seven women were either spouses of the aphasic participants 

or participants from experiments in other cognitive laboratories at the University. They 



were screened to be free of head injuries, neurological or psychiatric disorders, and 

centrally-active medication. Additionally, seven non-aphasic patients with damage to 

Table 1. Demographic information for aphasic participants 

Patient Sex Education Age at time of Time since stroke Premorbid 
(in years) testing (in years) (in years) handedness 

FJ M 18 71 J L 

PG F 18 79 2.6 R 

RM" M 14 79 2.8 R 

DW M 16 67 5.4 L 

LS M 20 66 7.17 R 

DM M 16 58 6 R 

RD F 16 71 5.3 R 

BY M 12 77 3.75 R 

SM F 16 41 3.25 R 

JD M 16 67 5.5 R 

PJ F 16 72 6 R 
GW M 16 59 30 R 

GK M 16 70 23 R 

JT M 14 49 7.4 R 

MB M 20 66 12.75 R 

FS M 12 72 13.3 R 

GM M 28 57 23 L 
SR F 12 58 1 L 

AD M 12 60 4.67 L 

FG M 12 58 4.6 R 

JH F 12 70 4 R 

MR F 18 74 4.75 R 
WK M 16 80 7.25 R 

RN M 16 65 4 R 

JM F 14 71 1.5 R 

PN M 18 80 2.4 R 

RoD'' M 16 75 1.8 L 
" Patient withdrawn from study sample due to performance. 
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Table 2. Demographic and lesion information for nonaphasic, frontal brain-injured 
patients 

Patient Sex Educ Age Hand Size of Lesion Location of 
(years) (years) lesion etiology lesion 

TS F 12 39 R moderate trauma R motor, pars 

opercularis 

AS M 12 76 R small ischemic 

stroke 

R motor, pars 

opercularis 

BW M 13 53 R small tumor 

resection 

R dorsolateral 

PFC and anterior 

temporal 

DH F 13 70 R moderate ACoA 

aneurysm 

R inferior frontal 

SM F 13 42 L small trauma bilateral inferior 

and dorsolateral 

PFC. anterior 

temporal 

HR M 16 52 R moderate trauma bilateral inferior 

and L 

dorsolateral PFC 

RV M 16 59 R small ischemic 

stroke 

L dorsolateral 

PFC, parietal 

white matter 
Note. L = left. R = right. PFC = prefrontal cortex. ACoA = anterior communicating 
artery. Hand = premorbid handedness. 

frontal cortex were referred to the study by a neurologist. Steven Rapcsak, M.D.. of the 

Tucson Veterans Affairs Health Care Center (age range 39-76; mean age 55.9. SD 13.63; 

mean education 13.6. SD 1.72). These patients included four men and three women. All 

participants were paid for their time. There were no significant differences between the 

aphasic group and normal control group on age or education (for age. £(1,49) = 0.32, g = 

0.58; for education. F(1.49) = 0.02. e = 0.89). Table 1 contains demographic information 
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on the aphasic participants. Frontal patient demographic and lesion information is found 

in Table 2. 

Procedures 

Informed consent, using both written and verbal explanation, was obtained from all study 

participants. Participants were tested on a battery of executive function, language, 

visuospatial processing, and abstract reasoning measures drawn from the clinical and 

experimental literatures. Each test is described below, including modifications used to 

reduce the language expression / comprehension requirements of the test. Administration 

of the battery ranged in time from 50 minutes to three hours. The aphasic individuals 

were tested on all measures, the frontal patients were tested on all measures except the 

Westem Aphasia Battery (WAB). and the control participants were tested on all measures 

except the WAB and Visual As. When testing duration reached two and a half hours or 

produced noticeable fatigue for patients, the testing was continued in a second session no 

more than one week following the initial session." Breaks were given as needed. Most 

tests were administered by the author or a trained assistant. The ASHA-Functional 

Assessment of Communication Skills (FACS) and some WABs were administered by 

clinicians at the University of Arizona Aphasia Clinic. All participants were offered $10 

per hour for their participation. 

" Some WABs and FACS were given up to six months after the cognitive testing, due to the clinic 
schedule. 



38 

Table 3. Lesion information and aphasia quotients for aphasic participants 

Patient Lesion size Group WAB 
AQ 

Lesion location 

FJ moderate frontal+ 15.7 L frontal 

PG large frontal+ 16 L ft-ontal parietal, occipital, insula 
RM® large fTontal+ 16.8 L frontal parietal, anterior temporal 

DW moderate frontal+ 17.3 L frontal parietal, basal ganglia 

LS large frontal+ 23.6 L frontal, basal ganglia, insula 

DM small frontal+ 29.6 L frontal temporal, insula 

RD moderate frontal+ 32.4 L insular cortex 

BY small frontal+ 35 L frontal, bilateral basal ganglia 

SM NA frontaI+ 46.7 L frontal temporal parietal, basal ganglia 

JD moderate frontal+ 51 L frontal temporal, insula, basal ganglia 

PJ moderate frontal+ 63 L parietal, basal ganglia 
GW NA frontal+ 68.8 NA 

GK large frontal+ 71.7 L fi-ontal temporal parietal, occipital. 

basal ganglia 

JT moderate frontal+ 74.6 L frontal temporal parietal, insula 

MB moderate frontal+ 78.3 L insular cortex 

FS NA frontal+ 84.5 L frontal temporal parietal, basal ganglia 

GM moderate frontal+ 92.6 L fj-ontal 

SR small frontal+ 93.8 L frontal 

AD small posterior 17 L temporal, basal ganglia 

FG small posterior 56.7 L frontal parietal 

JH moderate posterior 67.7 L frontal temporal parietal, R occipital 

MR small posterior 67.8 L insular cortex, white matter 

WK NA posterior 86 L parietal 

RN large posterior 89.7 L temporal, thalamus, occipital 

JM moderate posterior 94.9 L mesial temporal, basal ganglia 

PN small posterior 96 L mesial temporal and basal ganglia 
RoD® NA NA 85.3 L parietal 

Note. NA = Information was not available or is not applicable. L = left. WAB AQ = 
Western Aphasia Battery aphasia quotient. 

Patient withdrawn from study sample due to performance. 
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Anatomical localization of stroke damage in the aphasic participants was derived from 

clinical CT and/or MRI scans, and plotted on axial templates (Damasio and Damasio. 

1989). Those aphasic individuals for whom clinical scans could not be obtained were 

asked to undergo a structural MRI at the University Medical Center for this research. Of 

the twenty-seven aphasic participants, mapping came from scans taken acutely (n = 13. 

range one to fourteen days), several months post-stroke (n = 2. both at two months), or 

longer post-stroke (n = 9. range one to twenty-three years). For three patients, records 

were no longer available and the patients could not be scanned due to contraindications. 

Maps of lesion location (based on clinical CT and/or MRI scans, and plotted on axial 

templates) for the seven non-aphasic frontal patients were provided by Dr. Rapcsak. 

Lesion groups 

Following mapping of their lesions, aphasic participants were designated as having 

frontal plus temporal, parietal, or occipital damage (frontal plus) or having posterior 

damage only (posterior). The latter group consisted of patients for whom damage did not 

extend anterior to the premotor cortex (BA 6). Lesion location for each patient was 

decided by consensus between four raters (Katrina Keil. Alfred Kaszniak, Pelagie 

Beeson. and Steven Rapcsak) and is described in Table 3. 

Control tasks 

The complexity of the construct of executive function indicates the need for control tasks 

that would allow the isolation of the executive control processes from contributing 
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subcomponent processes. Part of the difficulty in achieving adequate specificity on 

executive function measures (and determining neuroanatomical lesion localization 

correlates) is that patients may appear to have "executive" or "supervisory" deficits if any 

lower level process is not intact. With language impairments, this could lead to a number 

of false positives, or the abandonment of any attempt to accurately measure executive 

function in aphasic individuals, depending on how language affected the measurement 

capability. To achieve statistical control of the influence of underlying deficits (e.g. 

visuospatial impairments) on the measurement of higher order processes, measures of 

basic skills were submitted as the first step in the regression analyses described below. 

The Judgment of Line Orientation was used to index visuospatial impairments that might 

affect performance on the Tower of Hanoi. Porteus Mazes, and Errands Test. The average 

of the motor trials of the Errands Test (described in the section Errands Test, below) was 

used to estimate motor speed (as a result of physical or psychomotor constraints). 

Tests and scoring 

ASHA Functional Assessment of Communication Skills (FACS): The FACS is a 43 item 

questionnaire developed by the American Speech-Language Hearing Association to 

assess four domains of communication independence in adults with aphasia. The 

domains are social communication; communication of basic needs; reading, writing, 

and number concepts; and daily plarming. The daily planning scale assesses higher 

level daily living functions (i.e. dialing a telephone, using a map, getting to 

appointments, ability to tell time, and ability to use a calendar). The ASHA-FACS 
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is completed by a clinician (in this case a conversation group leader at the Aphasia 

Clinic) with input from a caregiver, if needed. Two types of scores are produced: 

for Communication Independence scores clinicians / caregivers rate how much 

assistance the individual requires to do each task (e.g., dials telephone 

numbers/sequences numbers correctly). Qualitative scores on each domain are 

generated by assessing the adequacy, appropriateness, promptness, and 

communication sharing (burden on the communication partner) of the 

communications. Only the Communication Independence scores were used in this 

study. 

Judgment of Line Orientation (JOLO): The Judgment of Line Orientation test (Benton, 

Hamsher. Vamey, & Spreen. 1983) measures visuospatizil ability. The test requires 

the participant to look at lines on the test page and indicate which orientation they 

match on the page above. Instructions were made nonverbally by demonstrating the 

matching process on the first practice design, then pointing to the sample on the 

second practice and gesturing a question of which of the lines below matched 

above. As with standard administration, mistakes were corrected by the examiner 

for the practice items, but not for the test items. Scoring consisted of the total 

number of accurately matched items, out of 30. The scores were then converted to 

an ordinal scale of performance based on test norms:'" 21 or more correct was 

Ordinal scaling was used because the information regarding deficits on this measure does not fall linearly 
on the raw score (e.g., the difference between 17 and 19 is much greater than between 21 and 23. In the 
former case, one is moderately defective and one is borderline, in the latter case both scores are in the 
normal range). As the measure was included as a test of basic skill, the purpose was to identify participants 
whose visuospatial functioning was outside of normal limits. 



42 

considered "normal" (score = 4). 19-20 correct was "borderline" (score = 3), 17-18 

was "moderately defective" (score = 2), and less than 17 correct was "severely 

defective" (score = 1). This measure of JOLO accuracy was used in the analyses. 

Errands Test: The Errands Test is intended to measure planning, strategy, and rule 

adherence. The test consists of a large gameboard (22 x 30") with a network of 

roads on it (see Figure 1). At various points along the road are colored icons 

representing places (such as a school, dry cleaner). The icons were created using 

Boardmaker® 3.0 for Macintosh, then colored with green, yellow, red. and brown 

inks (see Figure 2). Two versions (A & B) of the board were created. Each contains 

27 (version A) or 25 (version B) iconic locations along a network of roads with two 

one-way streets (marked by arrows on the road) and one dead-end alley. 

Gamepieces. consisting of eleven icons matching location icons on the board, are 

laid out at the left side of the gameboard in a vertical array. The order of pieces in 

the array is arranged to create an inefficient route, were they to be delivered in the 

order displayed. The participant's goal is to deliver each icon to its matching 

location by moving a miniature taxicab along the roads, starting and ending at the 

"home" icon in a top comer of the board. A taxi-fare timer is started at the 

beginning of each run. Once the participant has delivered all icons and returned 

home, the timer is stopped and the "fare" paid by the participant using play money. 

A demonstration is made using four icons that are not part of the task set. The 

demonstration is made two times, one quickly and via a direct route, the second in a 



Figure I. Versions A and B of the Errands Test (shown with written identifications of icon locations) 
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Figure 2. Gamepieces and board location markers on the Errands Test (written labels 
provided for matching to labels in Figure 1; the actual gameboard had pictoral icons only) 
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circuitous manner, which takes longer. Although the instructions are primarily 

nonverbal, several verbal commands are given for clarification (these consist of: 

taxi. home, your money, go. I pay. I pay more). Task measures include Efficiency 

(based on the route distance, in inches). Strategy (based on the cluster score), 

Errors/Rule-breaking (number of times having gone the wrong-way down a one

way street, driving off the roads, entering nonessential areas), and Time score based 

on the time required to complete the goal task (in seconds). Location icons on the 

board are arranged so that there are two areas where five game icons can be 

delivered sequentially. The cluster score is the sum of sequential gamepiece 

placements, i.e. if the player were to drop all five icons within a cluster without 

leaving the cluster, the cluster score would be four. Thus the total possible cluster 

score is eight. In the control task (to estimate motor speed), the participant "drives'" 

the ta.xicab along a designated course on a second board. The participant is told to 

"go fast" and an average is created of the three timed motor trials. 

Porteus Mazes (PM); The PM (Porteus. 1973) requires the participant to trace a path 

through a series of drawn mazes of increasing complexity. The time to completion, 

as well as error markers for cutting comers and crossing solid lines, reflects the 

efficiency of the planning process and an element of impulsivity (i.e., in both errors 

and starting through without looking ahead). The examiner demonstrates the 

instructions for the Porteus Mazes by completing maze V. using gestures to show 

that crossing walls and entering blind alleys are incorrect actions. The examiner 

also demonstrates keeping the pencil tip on the paper once the maze is entered. 
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Participants are given a trial maze (maze VI) to assess their comprehension of the 

instructions. Mazes VII through Adult are administered according to the 

instructions in the Porteus Maze manual (Porteus. 1973). For maze VII. participants 

are shown where the exit is. After that, they are told (verbally and nonverbally. 

through gesture) that they have to find their own way out. If a blind alley is entered, 

that trial of the level is scored as a failure and the paper is removed. If the 

participant lifts his or her pencil, they are reminded to keep it on the paper. Maze 

completion was not timed. Measures included test age and a qualitative error score, 

which is the sum of rule-breaks (i.e.. cutting comers, entering blind alleys in the 

first or third portion of the maze, lifting the pencil from the paper), and wrong 

direction errors (i.e.. starting to move the pencil into a blind alley and then self-

correcting to continue in the right direction). 

Ravens Coloured Progressive Matrices (RCPM): The RCPM (Raven. 1984) consists of 

36 abstract designs with a piece missing. The participant must choose which design, 

from six choices shown below the test design, best completes the pattern or 

analogy. Nonverbal instructions were given by indicating the whole puzzle. 

pointing to the blank area, then indicating all six designs below and spreading the 

hands in a "which one" gesture. If confused, the gestures were repeated, and the 

instruction "which piece completes the puzzle" was given verbally. The RCPM is 

untimed and has taken previous participants up to fifty minutes to complete. For 

this reason, an abbreviated RCPM was administered (sections A and B only) to 

aphasic participants and normal controls. Frontal patients received all sections of 
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the RCPM, as they were part of a collaborative study with the referring neurologist 

and thus required complete scores. Possible score total on the abbreviated version 

was twenty-four. Participants' raw scores were compared to tlie Smits et al. (1997) 

age and education norms for completion of sections A and B only, and were 

converted to a percentile, to control for age and education differences.'^ 

Tower of Hanoi (TOH): The TOH requires the transfer of rings from a starting peg to a 

specified goal position. The disks vary in size, rather than color, and the test 

stipulates a stacking rule based on size. Cards were created that showed pictures of 

the two rules: larger disks may not be placed on smaller disks, and only one disk at a 

time may be moved. The examiner demonstrated each rule by doing the incorrect 

action and shaking her head and motioning "no" with hands. An additional rule of 

not removing disks from the board was demonstrated in the same gestural way. The 

participant is then shown a card with the disks in the starting position (on leftmost 

peg) and then a card with the disks in the same order on the rightmost peg. If the 

patient seems confused or indicates a question, the instructions are repeated. Score 

measures include the number of moves the participant used to solve the puzzle, time 

to completion, and sum of rule breaks. This version of the TOH is based on that used 

" Because the RCPM was developed for testing children, and extended to older adults, few norms are 
available for those between the ages of 18 and 55. Therefore, subjects aged 50-55 (n=3) were compared to 
the norms for 55-59 year-olds from Smits et al. (1997), while those aged 39-49 (n=2) were compared to a 
mean of 22 (out of 24) with a standard deviation of two. This was calculated from the results of Panek and 
Stoner (1980), that participants in a group ages 20-44 years averaged 33 out of 36 (males 33.28, females 
33.68) on the whole RCPM, with a standard deviation of slightly over two (males 2.25, females 2.64). On 
average then, young normal controls miss nearly one item per section. As a conserative estimate of errors in 
the present study, the mean was set at minus two items (for two sections) and the standard deviation set at 
two. 
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by Glosser and Goodglass (1990). with the addition of the measure of time to 

completion. 

Token Test: The Token Test is used to assess comprehension of verbal commands of 

increasing complexity (Spreen and Strauss. 1998). The version of the test came from 

the Multilingual Aphasic Examination. Twenty colored, plastic tokens are arranged 

in front of the participant. The instructions are read aloud, then a series of 22 

commands are read to the patient. On each command, the patient has two tries 

correctly manipulate the tokens. Total score is 44. For aphasic individuals who were 

unable to complete more than two of the first eleven commands correctly, the test 

was discontinued in an attempt to minimize frustration. 

Visual As; The Visual As test (from the Arizona Battery of Communication Disorders in 

Dementia) is used as a screening for visual field cuts. Instructions were 

demonstrated by first showing the participant an index card with nine letters on it. 

three of which were the target letter. "A". The examiner mimes searching through 

the letters and circles each A. The examiner points to the circled As on the demo 

card, then moves her pencil in the air over the participant's sheet and hands a pencil 

to the participants. Participants are then shown a piece of paper with letters randomly 

dispersed on it. Behaviors of the participants are observed (e.g. moving head around, 

moving page during the task) and noted. Scoring (from Purdy, 1992/1993): "There 

are five A"s in each of the four quadrants of the random letter sheet. Record the 

niunber of A"s circled in each quadrant. In order to pass the screening, the subject 

must circle at least two A*s in each of the four quadrants. If the subject does not 
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meet the criterion, the examiner should indicate that there are still more A's and ask 

the subject to look again" (p. 108). Examination of the data revealed that none of the 

participants had a clinically significant field cut so no further use was made of the 

Visual As data. 

Western Aphasia Battery (WAB): The information, fluency, auditory comprehension, 

naming, repetition, and praxis sections of the WAB (Kertesz. 1982) were 

administered to the aphasic individuals to calculate the Aphasia Quotient (AQ) as a 

measure of aphasia severity' and a measure of apraxia. The information section 

consists of standard conversational questions, which they must answer verbally (e.g.. 

what is your name, what is your occupation). Fluency and content ratings are 

determined by the examiner on a scale fi-om one to ten. according to the WAB 

criteria. Auditory comprehension consists of yes-no questions, sequential 

commands, and object recognition tasks, all of which can be performed without 

verbal response. The repetition and naming sections require the patient to repeat 

phrases of increasing length and to name objects shown to them, respectively. The 

praxis section requires the patient to mime gestures to verbal command (e.g.. 

"salute", or by following imitation or using objects if the patient is unable to 

complete the gesture to verbal command alone. Total score on the AQ sections is out 

of 100: the praxis score is out of 60. 
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Task development 

The pilot version of the Errands Test was created for testing on younger participants prior 

to commencing data collection in the patient or control groups. A primary purpose of the 

pilot stage was to determine any miscomprehensions regarding the nonverbal 

instructions. To that end. 22 undergraduates at tlie University of Arizona were given the 

Errands Test in brief, individual testing sessions. Participants ranged in age from 18 to 26 

and had 12 to 16 years education. Both versions A and B were used, counterbalanced 

across participants. Participants were shown the demonstration, then given three trials of 

the task. The "taxi" driven in this version of the task was a map reader, a triangular 

metallic object that calculated "mileage" when rolled along the route. If any participant 

was observed to place the icons on the board in the order they were presented, they were 

told at the end of the first trial "You don't have to place them in the order they are started 

in." Participants who asked if the icons had to be placed following the initial order, or if 

icons could be rearranged before the taxi was started were answered (no and yes. 

respectively). Undergraduate participants were not given a trial on the alternate version of 

the board. After testing was completed, participants were asked several debriefing 

questions and then told the objectives of the study. The debriefing questions included. 

"What was your goal when doing the task?". "What did you think the purpose of my 

doing two demonstrations was?", and if they did not seem to understand the direction of 

that question, it was followed by "Did you notice a difference in the way I did the two 

demonstrations?". The final question was "What strategy did you use on each trial to 

accomplish your goal?"'. 
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Table 4. Sample of debriefing responses from pilot participants 

Strategies: Goals: 

"go around most efficient way and get them done 
as fast as I can...try not to backtrack" 

"efficiency" 

"not hesitating too much" "do it fast" 

"tried to memorize where the icons were...tried 
to go places where I could drop off a lot of stuff' 

"get it done fast" 

"tried to find where they were...get as many that 
are near each other" 

"memory, quickness of 
memory" 

"in as efficient a path as possible, get rid of 
playing cards...scan ahead for where objects are" 

"finding the fastest route with 
the car" 

"tried to memorize the places...noticed a clump 
over at the right, trying to get others [icons] done 
so I could put a lot down at the right" 

"place all items on respective 
boxes, each time 1 did it. 
should pay less" 

"looked at distance, double location stops, 
followed the arrows" 

"getting done as quick as I 
could" 

"tried to find the quickest path" "not to take too much time" 

"tried to figure out the shortest route" "get rid of the chips" 

"looked ahead of time to see where markers were, 
see where to go" 

"trying to get across the best 
route" 

"tried to remember which boxes icons went 
on.. .make fewest number of loops" 

"to get it correct in a solid 
amount of time... leam the 
pieces more" 

"chose to use different routes to find quickest 
route...looked to see what was clumped together" 

"looked for shortcuts...places where the symbols 
were together" 
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TTie undergraduates" responses to the debriefing questions indicated that the general goal 

of the test was communicated through the demonstrations and through the test itself 

Most participants stated that they believed their objectives included doing the task 

efficiently and taking the shortest route possible (see Table 4). Many noticed that there 

were areas where they could drop off several icons at once, and incorporated that 

knowledge into their planning. There was also a common theme of memory; participants 

indicated they believed learning either the icon matches or a route helped them improve 

their performance over trials. Looking at the data across trials, there was an increase in 

strategy (i.e.. the cluster score), and decreases in both the route distance and time to 

completion scores (see Table 5). The error score did not change in a linear fashion. The 

results suggested that there was learning across trials, but also that there was enough 

variability in initial scores to provide a basis of comparison between the intended study 

groups (i.e.. normal controls and patients). 

Table 5. Mean scores from Errands Test for pilot participants 

Trial 
1 2 3 

Cluster (strategy) 4.95 6.05 6.64 

Distance (efficiency) 236.90 179.84 159.00 

Time to completion 112.05 71.86 59.91 

Error score 7.73 5.64 6.68 

As a result of the pilot data, the task was modified slightly. The map reader was replaced 

by a toy taxi with the rear section cut away, to allow the map reader to be dragged by the 

taxi and the participant to only move the taxi car. This was done because it was felt that 
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(a) it was difficult for unimpaired participants to maintain the map reader's wheel in the 

correct position (directionally and against the board) and (b) as a result, the reader's 

measurement was quite unreliable. The scoresheet was also modified, near the beginning 

of the pilot study, to allow the examiner to record the route taken by the participants as 

they performed the task (in reflection of the inaccurate distance measure provided by the 

map reader). In other ways, the task was judged to be fairly clear in its nonverbal 

instructions and in the ability of the participants to carry out the requirements so no 

further modifications were made. 
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RESULTS 

All continuous scores were logarithmically transformed to reduce the influence of 

outliers on measures of central tendency in both patient and control samples. The outliers 

were not removed from the sample because it was thought that their extreme scores 

reflected true strengths and weaknesses on differing cognitive measures, perhaps 

reflecting the effects of brain damage in some individuals or natural variations in ability 

in others. Such variance is often seen in neuropsychological assessment (Shallice, 1998). 

Table 6 shows the mean, standard deviation, skewness. and kurtosis of the log-

transformed variables of interest, for each group. 

Overall the aphasic participants, as a group, performed worse on neuropsychologic^ tests 

than the control group. Table 7 shows results of one-way analyses of variance 

(ANOVAs) for the scores from the RCPM. JOLO. average time on Errands motor trials. 

Token test, and factors created from combinations of the TOH and PM scores and 

remaining Errands Test measures and PM test age (discussed below). Given the several 

significant findings from the ANOVAs. the variables were submitted to regression 

analyses to determine which predictors had the strongest relationship with measures of 

interest. 

Initially, the test scores from measures thought to indicate executive functioning (Tower 

of Hanoi. Porteus Maze, and the Errands Test) were submitted to a factor analysis using 

SPSS (Version 10.0). All participants were included in the analysis, because the 



Tabic 6. Descriptive statistics for natural log-transformed score variables 

JOLO RCPM Token Errands Test Portcus Maze Tower of Hanoi 
Test errors time distance clustcr test age errors errors moves time 

Aphasic 

Mean 3.68 3.03 2.27 2.39 5.62 4.86 1.73 2.54 1.06 1.01 2.59 4.57 
Std. Dev .85 1.44 1.26 .50 .6 .87 .46 .30 .42 .91 .43 .81 

Skewness -2.8 -.82 -.50 .15 .41 -1.2 -2.8 -.52 -.29 .29 .97 .77 
Kurtosis 7.11 -.87 -.89 -.37 -.23 1.26 8.74 -1.23 -.81 -1.26 .14 -.72 

Control 
Mean 3.96 4.13 3.80 2.18 4.88 4.59 1.82 2.76 .64 .28 2.41 3.85 

Std. Dev .20 .47 .01 .31 .35 .71 .26 .17 .38 .4 .35 .86 
Skewness -5.0 -1.87 -1.04 -.64 .39 -1.20 -1.05 -2.85 .16 .88 .69 -.14 

Kurtosis 25.0 4.07 -.99 .69 .72 1.63 1.6 10.21 -.35 -.86 -.63 -1.21 
Frontal 

Mean 3.43 3.14 3.79 2.31 5.35 4.62 1.58 2.56 .77 .59 2.44 4.23 
Std. Dev 1.13 1.18 .02 .45 .50 1.25 .48 .31 .28 .63 .37 1.05 

Skewness -2.16 -1.76 -.21 -.69 .54 -2.01 -.92 -.22 .68 .58 .90 -.02 
Kurtosis 4.58 3.84 .40 -.85 .28 4.51 1.4 -2.49 -1.48 -.82 .43 -1.76 

Kurtosis 4.58 3.84 .40 -.85 .28 4.51 1.4 -2.49 -1.48 -.82 .43 -1.76 
Note. JOLO = Judgment of Line Orientation Test. RCPM = Raven's Coloured Progressive Matrices Test. 

ON 
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Table 7. Means and analysis of variance results between control and aphasic groups on 
log-transformed variables 

Group Statistic JOLO Errands 
Avgmotor 

Token 
Test 

RCPM TOH-PM 
factor 

Errands-
PM 
factor 

Control^ 

Mean 3.96 4.72 3.80 4.13 -0.41 -0.39 

Aphasic^ 

SD 0.20 1.55 0.01 0.47 0.87 0.69 

Mean 3.68 7.93 2.27 3.03 0.46 0.29 

SD 0.85 2.84 1.26 1.44 0.99 1.15 

Between F value 2.56 24.54** 36.7** 13.2* 11.02* 6.45 
Note. JOLO = Judgment of Line Orientation Test. Avgmotor = Average of motor trials 
from Errands Test. RCPM = Raven's Coloured Progressive Matrices Test. TOH-PM 
factor = factor scores from Tower of Hanoi Test measures and Porteus Mazes error 
measure. Errands-PM factor = factor scores from Errands Test measures and Porteus 
Mazes test age measure. 
'n = 25. 
*E<-01.  

variability of performances was expected to provide the best opportunity for the factor 

analysis to determine which measures loaded together. The included measures were TOH 

time. TOH moves. TOH errors/rule breaks. PM test age. PM qualitative errors. Errands 

time to completion. Errands cluster score, and Errands errors/rule breaks.'"* The initial 

solution, based on a Principal Components analysis, revealed two factors with 

The Errands Test distance score was not included in analyses because it was observed to be unreliable 
due to the extensive scoring demands. Distance scores compared between two scorers were found to agree 
only 60% of the time. Difficult>' was caused by the scoring process, which involved comparing the 
examiner's tracking sheet with the key. on which pieces of the route were marked with a distance in inches. 
Each piece then had to be added together by the examiner. 
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eigenvalues greater than one. accounting for 63% of the variance.'^ The scree test 

supported an extraction of two factors. Using the Varimax rotated solutions to improve 

interpretability, the two factors that emerged demonstrated loadings of the Tower of 

Hanoi measures and Porteus Maze errors on one factor and the Errands Test measures 

and Porteus Maze test age on a second factor. The TOH-PM factor accounted for 47% of 

the measured variance while the Errands-PM factor accounted for 16% of the variance. 

For each factor, the positive loadings were from measures of deficit (e.g.. errors or taking 

longer to do the test) while negative loading were strengths (i.e.. accuracy). Thus, higher 

factor scores represent poorer performance on the tasks. The resulting rotated factor 

scores (based on regression) were saved for each participant. Each factor score was 

submitted as the dependent variable in subsequent regression analyses. The factor scores 

were selected over individual test scores to reduce measurement noise and the difficulties 

of interpreting multiple dependent variables in regression analysis. 

Multiple regression analyses were carried out using all participants to examine the 

contribution of both brain injury and cognitive fiinctions to performance on the TOH. 

PM. and Errands test. Table 8 shows the regression results for the reduced models (i.e.. 

models with only significant predictors included). The first hierarchical multiple 

regression was conducted to predict the TOH-PM factor score from location and extent of 

" The first eigenvector accounted for 42% of the variance and seemed to be a general deficit factor, as all 
the measures loaded on it. In previous factor analyses which included the additional variables of JOLO. 
RCPM. and Token Test, one general factor emerged also. Burgess, Alderman, Evans, Emslie, and Wilson 
(1998) cautioned that spunous correlations between nonspecific tests could falsely imply a specific deficit 
rather than the general level of impairment actually being measured. 
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brain injury. The results of this analysis revealed that frontally located damage accounted 

for a nearly significant amount of the TOH-PM variability, R~= 0.058. F(l,52) = 3.18, e ~ 

0.08, indicating that participants with frontal damage tended to perform worse than those 

with posterior or no damage on the TOH and PM tests. The second variable entered into 

the regression, extent of lesion, accounted for a significant proportion of the variance 

after controlling for the effects of the location of the lesion, R~ change = 0.089, F (1.51) = 

5.31. E = 0.025. The standardized beta of extent of lesion was the only significant beta 

weight in the final equation, TOH-PM factor = -0.07 Location (£=0.72) + 0.43 Extent 

(E=0.03). suggesting that the extent of the lesion was a better predictor of performance 

than location of lesion on the TOH-PM factor. 

Another hierarchical multiple regression analysis examined the prediction of performance 

on the TOH-PM factor by the following variables, entered independently in the following 

order: accuracy performance on the JOLO. average speed on the Errands Test motor 

trials, accuracy on the Token Test, and age-scaled percentile on the RCPM. The data 

from all participants was used in the analysis. The results of the regression indicated that 

only the average motor speed accounted significantly for the TOH-PM variability. The 

full model was significant. F(1.54) = 4.42, e = 0.004, though the only significant beta 

weight in the equation came from the average motor speed variable. The final equation 

for the behavioral model, using standardized beta weights, was TOH-PM factor = 0.20 

JOLO (e=0.I7) + .39 Avgmotor (£=0.004) - 0.09 Token (e=0.52) - 0.28 RCPM 

percentile (£=0.06). This suggests that participants with slower motor speed, possibly 
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reflecting psychomotor slowing, did worse on the TOH task and made more errors on the 

PM task (because greater TOH-PM factor scores reflect poor performance). 

Location of lesion and extent of lesion were examined as predictors of performance on 

the Errands Test-PM test age factor. In a hierarchical regression analysis using all 

participants, the location of the lesion was found to be a significant predictor of the factor 

scores. R" = 0.127. F(l,52) = 7.58. e = 0.008. Entering the second variable, extent of 

lesion, to the regression did not result in a significant change to R~ (£ = 0.11). The final 

equation of the fijll model, using standardized beta weights, was Errands Test-PM factor 

= 0.14 Location (£=0.44) + 0.3 E.xtent (£=0.11). These results indicate that the presence 

of frontal (plus some posterior) brain injury is positively related to worse performance on 

the Errands Test cluster score, time, and sum of errors and to a lower test age on the 

Porteus Maze. 

A multiple regression analysis was conducted to predict the performance on the Errands 

Test-PM factor by other cognitive tests administered. The scores from all participants 

were used in the analysis. These measures were entered as a set into a hierarchical 

regression in the following order: JOLO accuracy, average speed on the Errands Test 

motor trials, accuracy on the Token Test, and age-scaled percentile on the RCPM. Of the 

four hypothesized predictors, the JOLO accuracy and average motor speed variables 

accounted for a significant amount of the Errands Test factor variability (JOLO: R~ = 

0.49. F(l,55) = 52.16. g = 0.00. Avgmotor: R~ change = 0.063, F(l,54) = 7.49, e = 
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0.008). The full model was explained by the regression equation, using standardized beta 

weights: Errands Test-PM factor = 0.54 JOLO (£=0.00) - 0.24 Avgmotor (£=0.02) - 0.08 

Token (g=0.43) - 0.10 RCPM (b=0.35). This indicates that participants with poorer 

visuospatial judgment did more poorly on the Errands Test measures and Porteus Maze 

test age, and that psychomotor slowing also had a detrimental impact on performance. 

Table 8. Regression statistics for reduced models (using only significant predictors) 

Regression Criterion 
variable 

Predictor 
variable 

E: R"change F value C 
value 

Regr 1 TOH - PM 
factor 

Extent of 
lesion 

0.144 --- 8.76 0.005 

Regr 2 TOH - PM 
factor 

Average of 
Errands Test 
motor trials 

0.178 11.89 0.001 

Regr 3 Errands Test 
- PM factor 

Location of 
lesion 

0.126 7.96 0.007 

Regr 4 Errands Test 
- PM factor 

JOLO 0.487 52.16 0.000 

Average of 0.549 0.063 7.49 0.008 
Errands Test 
motor trials 

Regr 5 Errands Test JOLO 0.76 — 31.78 0.000 
(aphasic - PM factor 
group only) 

Multiple regression analyses were conducted using only the aphasic participants, for 

whom additional information was available. The prediction of the Errands Test-PM factor 

from the JOLO accuracy, average motor speed on the Errands Test, comprehension score 

from the WAB. praxis score from the WAB, and RCPM percentile agreed with previous 

results. The JOLO accuracy best accounted for the variability, R^ = 0.58, F(l,23) = 31.78, 
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£ = 0.00 for the first model (with only JOLO entered as a predictor). The equation for the 

full model, using standardized beta weights, was Errands Test-PM factor = -0.48 JOLO 

(£=0.01) + 0.19 Avgmotor (b=0. 19) + 0.03 WAB comprehension (^=0.88) -0.32 WAB 

praxis (p=0.19) - 0. II RCPM (£=0.45). The prediction of the TOH-PM factor using the 

JOLO accuracy, average motor speed on the Errands test, comprehension score from the 

WAB. praxis score from the WAB. and RCPM percentile revealed no significant 

predictors. In both analyses, neither the auditory comprehension nor the praxis scores 

made a significant contribution, suggesting that aphasic individuals were not hindered on 

test performance by comprehension impairments or an inability to perform the necessary 

motor actions. 

Additional correlation analyses were done to examine the relationship between the 

functional communication skills of the aphasic individuals and the factors which emerged 

from analysis of the executive function tests (Errands Test-PM and TOH-PM factors). 

Correlation coefficients computed for the ASHA-FACS communication independence 

scores with the Errands-PM factor revealed a significant negative correlation between the 

domain of Reading/writing/numbers concepts and the Errands-PM factor, r = -0.62, p = 

0.006, suggesting that individuals with more intact functional reading, writing, and 

numbers skills showed less deficit on the Errands Test and PM test age. A similar 

significant correlation was found between the domain of Daily planning and the Errands-

PM factor, r = -0.65, p = 0.004. This indicates that aphasic individuals who were more 

independent in their daily planning also demonstrated less impairment on the Errands-PM 
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factor. The correlation between Social Communication and the Errands-PM factor was 

also significantly negative, r = -0.68. e - 0.002. suggesting that those with more intact 

understanding of social nuances did better on the Errands Test and PM test age. The 

results of correlation analyses between the TOH-PM factor and measures of 

communication independence did not reveal any significant correlations. 

In addition to the aphasic individuals, seven individuals with frontal lobe injury were 

assessed using the cognitive battery. Due to the differing locations of their lesions, they 

were not submitted to a group analysis, but rather their scores were examined 

individually. Given the high variability in performances among the small-sized control 

group and aphasic group and the lack of published norms for the experimental tests, a 

looser impairment criterion of 1.65 SD above or below the control group's mean 

(comparable to fifth percentile) was employed. Six frontal-injured patients showed some 

cognitive weaknesses, across the tasks, compared to the aphasic group and the control 

group, though they also performed better on some tests.There did not appear to be any 

clear similarities in performance among patients with similarly situated lesions (see Table 

9 for a list of performance deficits), nor was there a one-to-one relationship between 

location of lesion and deficits on a particular test. Shallice (1998) points out the problems 

with using case studies in attempting to connect localization with function. 

Patient SM did not perform significantly worse than controls on any task, although she was one standard 
deviation worse than both the control group and the aphasic group on the Errands Test trial 1 cluster score. 
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Table 9. Tests on which frontal patients did >1.65 SD worse than controls 

TS AS BW DH HR RV 

JOLO 

RCPM 

PM test age 

PM divided errors 

TOH sum of errors 

TOH moves 

TOH time to 
completion 

Errands Test sum of 
errors 

Errands Test time to 
completion 

Errands Test cluster 
score 

Errands Test 
Average Motor 

impaired normal normal 

X 

X 

X 

X 

border
line 

X 

normal normal 

X 

X 

X 

Note. Patient SM performed as well as or better than controls on all tests listed in this 
table. JOLO = Judgment of Line Orientation Test. RCPM = Raven's Coloured 
Progressive Matrices. PM = Porteus Mazes Test. TOH = Tower of Hanoi Test. 
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DISCUSSION 

The results of this study indicate that the aphasic individuals, taken as a group, do show 

cognitive impairments in addition to their language disorder, despite the reduction of 

linguistic demands in the tests. This supports the proposed hypothesis that aphasic 

individuals would show executive deficits compared to controls. The wide variability in 

the performance among all patients is typical of that seen in brain-injured patients 

generally and contributes to difficulty in attempts to analyze those brain lesions and other 

contributors to such impairments. Nevertheless, some clear conclusions can be drawn 

from the findings. The tests selected and designed for study do not appear to measure the 

same cognitive processes. The Tower of Hanoi measures and Porteus Maze error measure 

were shown to be sensitive primarily to extent of brain damage and were marginally 

sensitive to frontally located brain injury; however, as the Frontal+ group in the study 

sample typically had larger lesions than the Posterior group, frontal location is 

confounded with extent of damage. Thus the TOH and one measure of the PM can be 

described as being sensitive to e.xtent of brain injury, but not as specific to frontal 

location damage in this population. Previous findings of specificity to frontal lobe 

damage on these tests came from studies in which the population had DLPFC damage, 

although the use of this version of the TOH did not produce differences between patients 

with frontal, mixed, or posterior lesions in Glosser and Goodglass' (1990) study. Many of 

the aphasic participants in the Frontal+ group had lesions in Brodmann's Area (^BA) 

44/45, but only two appeared to have lesions affecting BA 9/46. Given the limitations of 

small sample size and lesions extending beyond frontal areas, an interaction between this 
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anatomical region and TOH performance cannot be discounted, however, the present 

version of the TOH did not appear to depend specifically on DLPFC damage. 

The contribution of the average motor speed scores from the Errands Test to explaining 

the variance on the TOH-PM and Errands-PM factor scores most likely reflects 

psychomotor slowing. Psychomotor slowing occurs following diffuse brain insults, as 

well as in specific neurological syndromes (e.g.. subcortical dementia; Lezak. 1995). It is 

an established finding following stroke as well (Hochstenbach et al.. 1998). Psychomotor 

slowing may also be an indicator of anatomical extent of lesion. A post-hoc analysis of 

the relationship between extent of brain injury and the average motor speed on the 

Errands test revealed a significant correlation. r(l. 54) = 0.63, p = 0.00. Any complex 

process relying on information fi-om multiple areas of the brain (as the TOH. PM. and 

Errands Test seem to) would be expected to be affected by slowed information 

processing. 

The Errands Test does not appear to measure the same underlying cognitive processes as 

the Tower of Hanoi, although it loaded with the Porteus Maze test age, a measure of the 

overall ability to plan a route through the maze and look ahead before entering blind 

alleys (which were scored as trial failures). The best predictors of difficulty on the 

Errands Test measures and PM test age were the location of the brain injury and 

performance on the Judgment of Line Orientation test. Behaviorally then, performance on 

the Errands test and PM test age is independent of nonverbal intelligence and language 
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deficits, but is predicted by basic visuospatial ability. As the Errands task requires visual 

scanning, visual exploration of the environment, and use of iconic landmarks for 

navigation and strategy generation, completion of the task may require input fi-om 

posterior cortical regions, but it seems to rely on frontal cortex for components of 

volitional planning. The spatial planning aspects of the Errands Test overlap with those 

required by the Porteus Maze for successful completion. Aquirre and d'Esposito (1997) 

hypothesized that finding routes (links between landmarks and spatial information) 

requires both ventral and dorsal areas. In this study, participants with aphasia following 

stroke injury to either frontal or posterior areas performed worse than controls on both 

route-finding tasks (Errands test and PM test), however those whose injury included 

frontal areas had the most difficulty. Compared to the findings of the Shallice and 

Burgess (1991) Multiple Errands Test, the Errands Test appeared to create similar 

difficulties for patients. The participants in the Frontal+ group had nominally more rule 

breaks / inefficiencies and took longer to complete the task than the Posterior group or 

the control group, but these differences did not reach significance. The Errands Test was 

more structured, allowing few opportunities for participants to cope with unexpected 

occurrences, which reduced the number of qualitatively different errors. Most errors on 

the Errands Test were likely related to attention deficiencies (i.e.. going the wrong-way 

down a one-way street, going from a dead-end alley to a near-by street over land) or 

planning inefficiencies (i.e.. driving through a part of the gameboard where there were no 

matches to the gamepieces). A few other error behaviors occurred, such as "dropping off' 

icons to their matches without having moved the taxi to the new location (n=2), placing 
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the gamepieces on their matciaing icons at a ninety degree rotation (n =1). and forgetting 

to return to the "home" icon at the end of the trial (n=4). None of the latter errors were 

made by the control participants, nor did any of them drive off the designated roads. 

The Errands Test met certain of its design requirements. It was almost entirely nonverbal, 

both in instruction and patient response, and seemed to be clearly understood by most 

patients. A few of the patients with more severe aphasia failed to grasp nuances of the 

demonstration (i.e. that they should drive the taxi to each iconic location rather than 

directly placing the gamepieces on the board icons). Several patients expressed 

enjoyment of the task, both to the examiner and to family members or other clinicians, 

subsequently. While the participants were not debriefed or asked to comment on the 

task's ecological validity, a few of the pilot undergraduate group described the task as 

running daily errands. Some aspects of the task caused the following concerns: the visual 

scanning requirements of the large gameboard caused difficulties and time delays for 

some of the patients with bifocals, failing eyesight, or visual neglect. Some participants 

were observed to hold the gamepieces just above the icons on the board while searching 

for match, occasionally passing matching icons within centimeters of each other without 

realizing it. The size of the board was chosen to serve the purpose of creating the illusion 

of distance between the clusters, so there would be a perceived cost, in time and distance, 

to traversing the board in between placing icons. However, alternative ways to create this 

illusion should be explored, as one participant stood during the entire task to enable him 
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to reach the top of the board. In a virtual reality environment, for instance, the physical 

size of the task would no longer be an issue, though the visual demands may remain. 

The present findings are not consistent with one of the initially proposed hypotheses, that 

there would be a common plaiming factor across neuropsychological tests. No single 

factor emerged from the performances of controls and patients on the cognitive measures. 

The conclusion may be that there is not a single underlying cognitive process of plarming 

and strategy generation, or it may be that the tests chosen, and/or the way they were 

administered and scored, do not tap into that process. Moderate support for some overlap 

of cognitive processes may be drawn from the factor analysis results. Conceptually, the 

multiple indicators from each test were expected to distinguish among impairments. The 

error measures on each test were thought to represent inability to follow the rules, due to 

impulsivity or inability to create markers for fiiture action. The TOH moves and Porteus 

Maze Test Age have been described as measures of foresight'planning, while the Errands 

Time and TOH time were supposed to reflect efficiency as well as motor agility. While 

the factors that emerged were primarily unique to each test, the Porteus Maze measures 

split and loaded on two factors. The Porteus Maze test age loaded with the Errands Test 

measures. The conceptual similarities of spatial navigation, route-finding, and plarming 

appear to be measured by both tests. On the other hand, errors made on the Porteus Maze 

loaded with the TOH time. TOH moves, and TOH errors. Errors on both the TOH and 

PM may be a result of impulsivity (moving without considering the consequences) or not 

applying rules to actions. The TOH is thought to measure foresight and reasoning as well. 
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however, it is also a task on which procedural learning has been shown (Cohen, 1984), 

suggesting a link to subcortical connections. The sensitivity of the TOH-PM factor scores 

to extent of the lesion suggests that these measures tap into a more extensive neural 

network or are more vulnerable to damage to white matter connections between frontal 

and other cortical areas. Functionally, the TOH may measure sequential organization or 

"serial planning", rather than the spatial plarming of the Errands Test and Porteus Maze 

test age measure. While this does not seem at first glance to be a strong distinction, it is 

one possible explanation for the loading differential. The TOH may also place a greater 

load on working memory, as participants needed to keep a sequence of moves in memory 

before acting. The Errands Test was designed to minimize such memory requirements. 

Other explanations may emerge through the results of future research using these tasks. 

Another hypothesis was that there would be different causes for deficits in executive 

function. Individuals in the frontal plus group were expected to have greater executive 

fimction deficits than those with posterior damage, while those deficits in the posterior 

group were expected to be related to auditory comprehension impairment. Location of 

lesion (i.e.. frontal) was a significant predictor of performance on the Errands-PM factor, 

indicating that the performance of the frontal plus group was worse than the posterior 

group. Level of comprehension did not appear to be a significant factor in determining 

the aphasic group's functioning on nonlinguistic cognitive tests, as had been theorized 

from results of previous studies (Borod et al., 1982; Gainotti et al., 1986; Kertesz, 1999). 

Neither the comprehension nor the ideomotor praxis scores predicted performance on the 
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TOH-PM or Errands-PM factors. These results suggest two conclusions. The first is that 

the nonverbal instructions were successftil in creating an equal playing field for the 

participants regardless of their level of language comprehension (other than for the Token 

Test, which was intended to measure language comprehension). The second conclusion is 

that there is no evidence that comprehension impairment disrupts the regulation of 

executive functions. However, there was no direct measure of inner speech included. 

such as an articulatory suppression task. The relationship between auditory 

comprehension, cognitive performance, and extent of lesion has been explored 

previously. In Maly et al.'s (1977) study of a group of aphasic participants, several 

performance subtests of the WAIS were correlated with focal blood flow values, size of 

the lesion, and total hemispheric perfusion. They suggested that those with auditory 

comprehension deficits experienced reduced external verbal input, making useful 

information (i.e.. instructions) unavailable for problem-solving. In our study, instructions 

were given nonverbally. and auditor)' comprehension did not influence performance on 

any the cognitive tests. Nonetheless, the aphasic group's poorer performance on the 

TOH-PM factor was found to be impacted by the extent of the lesion, suggesting that the 

extent of the lesion (and possible hypoperfusion of the hemisphere) may affect the 

communication between damaged language areas and neural regions responsible for 

intact performance on certain types of cognitive tasks. 

Regardless of whether one attempts to measure inner speech, some researchers have 

found that the presence of damage to the language dominant hemisphere or having 
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aphasia leads to worse performance on even nonverbal cognitive tasks (Gainotti et al.. 

1986: Hochstenbach. et al.. 1998). Hochstenbach et al (1998) cite Luria in their argument 

that "linguistic organization" is necessary for intact cognitive functioning, irrespective of 

whether the assessment measures are verbal or nonverbal. The tasks included here were 

not memory tests, which Goldenberg et al. (1994) found to differentiate between aphasic 

and nonaphasic participants (see also Kertesz. 1999). Nevertheless, several controls and 

aphasic participants were observed to use a running external dialogue to guide themselves 

through the Errands Test, to remind themselves of rules on the TOH. and to track the 

results of their visual scanning during the Porteus Maze. This suggests that some verbal 

self-instruction may often be either employed in solving these types of cognitive puzzles, 

or alternatively, reflect self-commentary unrelated to the actual mechanisms of problem 

solution. Kertesz (1999) similarly reported findings that subvocal verbalization was 

observed when normal controls were attempting cognitive tasks. 

Performance on the cognitive tests was not predicted by aphasia severity. The AQ score 

from the WAB was not used as a predictor in the regression analyses using all 

participants, as it was only administered to the aphasics. In regression analyses computed 

on the aphasic group only, the Aphasia Quotient was not predictive of performance on 

the Errands Test factor or the TOH-PM factor. Nor was it predictive of performance on 

the Raven's Coloured Progressive Matrices, which supports the results of several 

researchers who have not found correlations between severity and nonverbal cognitive 

performance (Gainotti et al.. 1986: Kertesz and McCabe. 1975). As there was a wide 
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distribution of AQ scores, there should have been an opportunity to see any effect of level 

of aphasia severity on the measures of interest, had there been one. Many of the studies 

that explored aphasia severity have found that globally aphasic individuals were the only 

significantly different group. We did not have any global aphasics in the sample. Maiy et 

al (1977) found that aphasic individuals with anomia performed significantly better on 

the performance subtests of the WAIS than groups with greater aphasia severity, however 

we did not compare those classified as anomic to those with other classifications in our 

sample, due to limited sample size. Thus, for the sample of aphasic patients studied here, 

the present results do not show a relationship between auditory comprehension or aphasia 

severity and performance on executive function tests. 

•Although aphasia severity was not related to performance on the Errands-PM factor, 

functional communication independence was. supporting the final hypothesis that poorer 

performance on the neuropsychological tests and Errands Test would correlate with lower 

communicative functioning. The Functional Assessment of Communication Skills 

measure takes into account more than pure language ability, it also reflects initiation and 

independence (i.e.. performing without assistance) of the items. The Social 

communication scale includes items such as "[Patient] understands non-literal meaning 

and inference" and "smiles or laughs at light-hearted comments" which are representative 

of social comprehension skills, and thought to rely on left anterior fi-ontal regions 

(Channon & Crawford. 2000). The daily plarming scale, which correlated with the 

Errands-PM factor performance, includes items that assess use of scheduling tools and 
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following a map. This measurement of planning abilities was used to assess how aphasic 

participants function in their everyday lives. The high correlation between this observer-

rated scale of planning/scheduling and the Errands Test provides support for the 

ecological validity of the latter. The Reading/writing/number concepts measure assesses 

understanding of iconic signs and written directions, and the ability to write simple 

messages and make bcisic money transactions, some of which may relate to performing 

certain aspects of the Errands Test. While the Errands Test instructions are nonverbal, 

thereby not requiring auditory comprehension, a conceptual understanding of the task 

demands is necessary to carr\' out the task actions. Additionally, the task uses icons (in 

perceptual matching), arrows (to indicate one-way streets), and numbers and money (for 

calculating and paying the taxi-fare). Perceptual matching and obeying one-way street 

information contributes to a participant's scores, thus a general understanding of the 

concepts involved probably facilitates task performance. 

The present study was not designed to identify the specific cognitive processes that are 

necessary and sufficient for "successfiil" performance on the Errands Test, nor were the 

young pilot participants particularly informative for this question. One possible 

modification of the task, which might allow the collection of different information, would 

be to take it to a 3D virtual reality environment. Such an environment could be 

programmed to track measures, such as response latencies or route changes, that may be 

more indicative of strategy or planning processes. A 3D test format may be attempted as 

the technology becomes more available (i.e. user-fHendly to nonprogrammers) and 
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resources are forthcoming. In the meantime, a refinement of the current task may be 

undertaken. This may involve the following: 

1) Equating the optimal distance in the two versions and changing the layout of cluster 

A on version B to better equate the cluster scores between the versions. 

2) Computing the distance score was the most time-intensive and subject to 

experimenter error. Until it can be recorded in a virtual reality setting, it should either 

be removed altogether or a more appropriate means of measuring route distance 

should be created. 

3) Changing task administration procedure such that only two trials are given. If the task 

was intended to measure spatial learning, three trials could be administered. 

4) Offering the participant five icons to place on the board on the first trial would give 

them the opportunity to explore and familiarize themselves with the spatial 

environment of the gameboard. Then on the second trial, the full complement of icons 

could be used, and the test measures recorded. In this way, the cluster score might be 

more likely to reflect use of a strategy, in that participants might be more focused on 

performing the task efficiently rather than struggling to find where the icon matches 

were. 

5) The money motivation could be modified as well. On the first trial, the participant 

would have an unlimited amount of money to pay the taxi. However, on the second 

trial. (s)he would only be allowed to retain the amount of money he used in the first 

trial, but would have twice as many icons to lay down. This variation might force 

efficiency in route-planning. Two limitations to this alteration are: the money may be 
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difficult for aphasic individuals to calculate in a meaningful way - that is. they may 

not realize that the amount they are given for the second trial is the same as the first 

trial, or can only buy the same amount of ta.xi time. Difficulties with calculation may 

be partially circumnavigated by changing to a system of using coins rather than bill, 

which have attributes in addition to printed numbers to differentiate them (e.g.. size, 

weight). Secondly, after the ta.Ki meter reaches the amount of time registered at the 

end of the first trial, some participants may stop, thinking they cannot pay to travel 

any further. 

6) A better control task is needed to account for psychomotor slowing and allow the 

"time" score from Trial 2 to be a valid indicator of thinking or planning time. 

7) The board should be smaller. A smaller board would be more transportable and easier 

to store for the clinicians using it. and easier for participants to maneuver manually 

and scan visually. 

8) Similarly, the icons on the board and on the gamepieces should be made larger and 

marked with more distinct colors of ink. The yellow ink. in particular, was difficult to 

see and the icons in general difficult to scan for those with visual deficiencies. 

Conclusions, limitations, and practical recommendations 

The goal of this study was to e.xamine the performance of brain-injured patients on 

several cognitive tests, including a newly designed task, the Errands Test, with the 

additional aim of understanding the effects of aphasia on test-taking and executive 

processing. The findings suggest several broad conclusions. As a group, those with 
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aphasia following stroke performed significantly worse across tests than their age and 

education matched normal controls. This was despite the minimization of linguistic 

demands in the testing session through modification of the test instructions and 

administration. Participants were observed to understand the nonverbal instructions. 

except in the cases of two patients in whom cognitive deficits in excess of their language 

disturbance were suspected. The fact that poorer performance occurred on nonverbal tests 

with comprehensible instructions suggests several possibilities: (a) The cognitive deficits 

demonstrated may be a consequence of general brain injury, through reduced attention 

and slowed information processing, rather than a result of the language deficits; (b) the 

damage to left anterior cortex (though not specifically to BA 9/46) and its connections 

may cause more severe deficits on these tasks than injury to other areas alone; and (c) this 

study does not preclude the possibility' that all forms of aphasia lead to a disruption of 

inner speech or impairment at the level of conceptual thinking, irrespective of the level of 

auditory comprehension deficit. While this study did not employ a non-aphasic brain-

injured control group with a sufficiently large sample size, other studies have, with 

conflicting results. Some found aphasic groups performed similarly to right-hemisphere 

lesioned control groups on tests of nonverbal intelligence (deRenzi and Faglioni. 1965; 

Reitan. 1960). Others found the aphasic group (a) worse than the right hemisphere 

lesioned group but not different fi-om nonaphasic left-hemisphered lesion (Arrigoni and 

deRenzi. 1964). (b) similar to the right hemisphere group but worse than the left-

hemisphere nonaphasic group (Gainotti et al.. 1986).'^ or (c) worse than the right 

' Though those with left-hemisphere lesions without aphasia likely have smaller extent to their lesions. 
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hemisphere lesioned group but only those with Wernicke's or global aphasia (Kertesz and 

McCabe. 1975). Alternatively, those with right-hemisphere lesion appear to be at a 

disadvantage (compared to nonaphasic left-hemisphere injured patients) on spatially-

mediated tests of executive function (Glosser and Goodglass, 1990; Jones-Gotman and 

Milner. 1977). 

An important caveat to the experimental results is the extreme variability in performances 

both within the patient groups and within individuals. The combination of preserved 

abilities and striking deficits, an exacerbation of the variability seen in older control 

groups, signals a caution against making predictions based on group averages. 

Performance measures did not appear to covary with aphasia severity, though I may not 

have had a large enough sample to detect the relationship. My recommendation follows 

that of Bigler (1988) and Reitan (1988). that individuals presenting with language deficits 

to either speech-language pathologists or neuropsychologists undergo assessment using a 

combination of cognitive measures. While this may not be practical or feasible (from the 

third-party payor perspective), it seems to be the only way to predict the cognitive skills 

affected by the brain injury. That said, it is important that a clinician with expertise 

administering cognitive tests and communicating with language impaired patients 

conduct such assessments, to minimize the chances of invalid results and flawed 

interpretation of neuropsychological data. 
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The study results also suggest information regarding which tests to include in a cognitive 

battery for testing an individual following stroke. If there is evidence of language 

difficulty, clearly language testing is necessary. The additional areas of memory. 

attention, visuospatial and visuoconstructive functions, motor and sensory perception, 

and executive function are typically included in a complete neuropsychological 

examination. Tlie area under scrutiny in this treatise, executive fimctioning. remains 

ambiguous. The theoretical premise of underlying common cognitive processes for 

certain tests of executive functioning was not strongly supported by the results of this 

study. There was a relationship between aspects of performance on the Tower of Hanoi 

and Porteus Maze tests, and between the Errands Test and Porteus Maze test, suggesting 

some commonality in the skills needed for successful completion of the tests. These tests 

were affected by psychomotor speed, but were independent of linguistic impairment. 

While it is not clear what differences exist between the TOH. PM. and Errands Test as 

measures of planning, they all seem to require cognitive processes above the level of 

perceptual. In addition, both the TOH test and PM error measure were most sensitive to 

extent of brain injur\'. while the Errands Tests and PM test age measure were more 

specific to anterior damage. The relationship between performance on such complex 

tasks and extent of lesion may indicate a reliance on the intact functioning of cortical 

networks, supporting an interpretation that frontal cortical lesions are sufficient to cause 

impairments in executive functioning (as per previous findings) but are not necessary. 

Injuries in sensory, parietal, or subcortical regions disrupt the flow of information to 

frontal regions, preventing integration and executive control of the subprocesses and 
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routines needed to complete neuropsychological tests. The explanation of the sensitivity 

of these tasks to extent of lesion is not one of mass action, but the reliance of prefrontal 

cortex on networks involving other brain regions (Glosser and Goodglass. 1990; 

Goldberg and Bilder. 1987). This theory of anatomical connectivity holds also for 

functional networks: without intact or adequate basic skills (i.e.. visuospatial) required by 

the integrator, the necessary building blocks are not available for complex processes. 

Control tasks which measure the intactness of basic skills are therefore also critical to the 

process of assessing executive function. 

In the present study, individuals with aphasia following stroke (primarily of the middle 

cerebral artery territory) were shown to have cognitive deficits in addition to language 

impairment. A new measure, the Errands Test, was shown to be sensitive to brain injury 

and specific to prefrontal cortex damage. Those patients with frontal plus damage were 

more impaired on the time it took them to complete one trial of the Errands Test, the 

number of errors they made on the Errands Test, the cluster score they achieved for one 

trial of the test, and had lower test ages on the Porteus Maze test. The importance of these 

results is not the finding of impairment, though such impairments may have implications 

for treatment providers and caregivers, but rather in their support of valid assessment of 

neuropsychological functioning in those with language disturbances. Though the Errands 

Test is not ready for clinical trials, it was useful in evaluating certain cognitive processes 

in aphasic individuals with a range of severity. Existing tests can be modified for use with 

moderate to severe aphasic populations, but then cannot be directly compared to current 
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norms, and may be inconsistent with previous research findings in nonaphasic 

populations (e.g.. the present version of the TOH). Thus, it may be fhiitful for the 

crossover fields of neuropsychology and speech-language pathology to develop 

additional measures that are nonverbal in their instructions and patient response 

requirements, which then can be normed for use by both professions. 

Future directions 

The Errands Test could be made quicker and less cumbersome to administer and easier to 

score. If its properties turn out to be reliable among a larger control sample, it could be 

added to the available tests for measuring spatial planning and strategy (or spatial 

memory, depending on how many trials are administered). While nonverbal tests 

typically involve visual and spatial properties, perhaps more vulnerable to right 

hemisphere and posterior injuries, this study and others have shown nonverbal tests to 

measure deficits in those with left hemisphere injury plus aphasia, particularly if the 

frontal cortex is involved. Deficits in these populations appear to be independent of 

performance on language measures and aphasia severity, suggesting that the critical 

factor to the relationship between planning deficits and language disturbance may be the 

overlapping anatomical regions affected by the CVA. From evidence across studies, there 

seems to be a confounding relationship between extent of lesion and aphasia affecting 

performance, such that those with greater lesion extent do worse on cognitive tests than 

those with less (i.e., global aphasics do worse than other groups, left-hemisphere lesioned 

patients with aphasia do worse than left-hemisphere non-aphasic patients). On the other 
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hand, individuals with frontal cortical injury perform worse on certain tests than those 

with more extensive lesions. Future research that adequately dissociates extent of lesion 

from linguistic processes will provide invaluable input to interpretation of such data. 

The role of iimer speech has not been elucidated by this study though anecdotal 

observations suggest that overt language does occur during task performance, hinting at 

the possibility of aid from inner language. As Kinsboume (1999) queried. "What does 

inner speech contribute beyond flexible and economical recoding, and how does disabled 

inner speech harm cognition?" (p. 120). It may require a truly elegant series of studies to 

solve this riddle. 

Understanding the issues relevant to cognitive and language impairment in those with 

aphasia following a CVA is relevant to treatment providers. As this population grows by 

the thousands each year, the issues become more and more relevant. Having valid and 

reliable tools available that can be used to evaluate those with moderate to severe 

language disturbance is critical to thorough assessment. While experimental measures do 

not have the normative bases available for widespread clinical use. they help facilitate 

understanding of the way healthy and compromised neural networks function, and pave 

the road for more ecologically valid measures. These may not only tap into more 

complex executive processes that are difficult to assess, they may be less frustrating to 

patients than tests such as the WCST, and may also provide improved prediction of 

everyday functioning in brain injured individuals. 
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APPENDIX 

Of the twenty-seven aphasic individuals tested, two of the patients were unable to 

complete enough tests to be included in the analyses. The first patient, RoD. had a stroke 

in 1998. but the radiologist's report also indicated there was "moderate atrophy" seen on 

his MRI. During the testing session for the current study, he appeared to have difficulty 

maintaining attention to the tasks at hand, and was quite slow completing what are 

typically short tests. On the Tower of Hanoi, he made his first move after 8:48 minutes 

had elapsed, and he twice asked the same question about the rules. While he only had 

three omissions on the Visual As. he failed the demonstration of the JOLO. He was able 

to Stan the Porteus Mazes, e.xhibiting understanding of the instructions, but only reached 

a test age of 7. He did not seem to understand the Errands Test, and made several unusual 

errors (i.e.. driving the car over the icons instead of on the street; made several perceptual 

mismatches, and when the examiner corrected one by placing the gamepiece on its 

match, he returned the gamepiece to its mismatched location). His aphasia classification 

was anomic. and his comprehension on the WAB was 9.85 out of 10. however, his WAB 

-Aphasia Quotient had decreased since last year's testing, which is atypical for language 

recovery following stroke. Taken together, the data suggests that additional neurological 

processes were contributing to his cognitive difficulties, which were clearly more severe 

than his language deficit. 

Another patient. RM. also had difficulty completing the test battery. Subsequent to his 

stroke three years ago, his aphasia quotient was 16.8, with a comprehension score of 5.4 
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out of 10. He appeared to have possible visual deficits, only attaining eight hits (plus two 

errors of commission) on the Visual A's despite a long time scanning. More significantly, 

he either refiised to attempt or gave up trying to complete the majority of tasks set before 

him. On the Porteus Mazes test, he completed si.\ mazes, staying fairly well within the 

boundaries of the maze, yet his resulting test age was eight, due to maze failures. He was 

successful on the Tower of Hanoi in nine moves, requiring only 80 seconds to complete it 

(within normal limits). The variability in his cognitive performance is consistent with the 

large extent of his lesion, along with the visual and motivational difficulties. 
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