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ABSTRACT 

The neuropsychological construct of fluency refers to 

productivity under timed and limited search conditions. 

Verbal fluency tasks, such as the Controlled Oral Word 

Association Test (COWAT), require production of words under 

specific constraints (i.e. words that begin with "F"), 

whereas nonverbal fluency tests, such as the Design Fluency 

Test (DFT), require generation of unique and unnameable 

designs. Asymmetric deficits have been obtained, with 

verbal impairments associated with left frontal pathology 

and nonverbal impairments with right frontal involvement. 

These fluency constructs, however, have not been 

systematically examined in conjunction with one another, or 

with other frontally-mediated tasks. Therefore, this 

experiment evaluated verbal and nonverbal fluency, and their 

relationship to tasks purported to be sensitive to frontal 

lobe functioning. A double dissociation was predicted; the 

COWAT would be associated with left but not right frontal 

tasks, but the reverse pattern would be evident for the DFT. 

Left frontal tasks included the Trail-Making Tests and the



Stroop Color-Word Test, whereas right frontal tasks 

consisted of the Ruff Figural Fluency Test (RFFT) and newly 

created measures of facial accuracy and intensity. 

Bilateral motor tasks (i.e. dynamometer and finger tapping) 

were also evaluated. 

In this sample of male college students (N = 60), 

multivariate analyses (MANOVAS) indicated that the left- 

hemisphere variables successfully discriminated subjects 

classified as verbally fluent or verbally nonfluent, but did 

not do so with nonverbal fluency. The opposite pattern was 

obtained with right hemisphere variables, which was due to 

the RFFT rather than the facial measures. Measures of 

facial accuracy and intensity, as well as motor tasks, were 

minimally related to either of the fluency measures. 

Additionally, univariate analyses (ANOVAS) revealed that 

verbally fluent subjects performed better than verbally 

nonfluent subjects on Trails B, but not A, and on selected 

components of the Stroop. 

These findings are discussed in regard to their 

capacity to demonstrate asymmetries in frontal lobe 

functioning. Relationships between the presumed frontal 

measures and fluency constructs is also used to examine the 

unique ways in which fluency measures may challenge the 

frontal lobes in higher-order cognitive processing. 

Recommendations for the development of improved verbal and 

nonverbal fluency measures are provided.



Acknowledgments 

Though this dissertation has often seemed to be a 

solitary endeavor, many hearts and minds have been along for 

the ride. The assistance of the collaborators listed below 

greatly facilitated its completion. 

I owe special thanks to David Harrison for his 

conceptual skills, liberal sharing of ideas, encouragement, 

and support. Bob Stephens was a helpful consultant with 

statistical approaches and issues, and provided feedback in 

a timely manner. My two research assistants, David 

Rasmussen and David Ward, were always willing to assist with 

the many technical, but sometimes tedious, aspects of this 

project. They entered data, served as expert raters, 

administered many testing sessions, scored the fluency 

measures, and provided energy and enthusiasm throughout our 

hours of. working together. In addition to the two Daves, 

Heath Demaree assisted with the scoring of facial measures. 

Though both Mike Casey and I diligently worked on our 

respective dissertations, he provided scholarly support and 

was a great person to bounce ideas off of. I am afraid that 

I served in the same role for him, and as a result, know 

more about the Bobwhite quail than I had ever intended. 

Though I mentioned the minds first, the hearts were 

equally, if not more, important. They provided much gentle 

support and encouragement, occasional care packages, but 

iv



most of all, continued confidence in my abilities. Spyro 

asked good-humored questions about this "book report", 

Marina baked great cookies, and Thania's encouragement 

during late Blacksburg/Gainesville nights reassured me that 

I was not alone in this. Of course, my parents (John and 

Katharine) are my greatest supporters and cheerleaders, and 

it is to them that this work is dedicated. They have shared 

my joys and sorrows throughout graduate school and 

internship and I know that their imprint is, and will be, 

spread throughout my career.



INTRODUCTION 

Fluency is a neuropsychological construct which refers 

to the productivity of material, including that of a verbal 

or nonverbal nature, to confrontation under timed and 

limited search conditions (Strub & Black, 1985). Most 

simply, verbal fluency tests require listing of words that 

begin with a particular letter or items in a category (e.g. 

animals), whereas nonverbal fluency tasks require generation 

of unnameable designs or drawings. Performance is maximized 

when individuals are behaviorally and cognitively 

spontaneous, organize their output, employ problem-solving 

strategies and, once a strategy has been completed, are able 

to readily shift to an another strategy. Without these 

capabilities, output tends to be impoverished with 

generation of few unique designs or words, and/or 

perseverative, with frequent repetitions of previous 

stimuli. Individuals with frontal lobe damage have been 

demonstrated to produce such output and are subsequently 

judged as impaired or nonfluent on these tasks (see Lezak, 

1983). 

More specifically, verbal fluency refers to the ability 

to produce oral or written verbal material without word 

finding pauses or. failures in word searching (Strub & Black, 

1985, p. 53). While aphasics often demonstrate impaired 

fluency, individuals with relatively normal expressive



speech may show subtle impairments on formal testing (i.e. 

sparse verbal output). The classic verbal fluency test, the 

Controlled Oral Word Association Test (COWAT), requires 

subjects to name as many words as possible beginning with a 

given letter during a one-minute interval (Benton, 1968). 

This verbal fluency test requires a self-initiated memory 

search with successive shifts in mental set and is thought 

to tap a high level of word-finding efficiency which is 

particularly sensitive to left frontal dysfunction (see 

Borokowski, Benton, Spreen 1981; Strub & Black, 1985). 

Nonverbally, the fluency construct has been evaluated with 

the Design Fluency Test (DFT), a nonverbal analogue to the 

COWAT which requires production of unnameable designs 

(Jones-Gotman & Milner, 1977). As predicted, right frontal 

subjects were impaired on this task, but not on a verbal 

fluency task, whereas left frontal subjects were impaired on 

verbal fluency but not the DFT. This double dissociation 

suggests that functional asymmetries may exist in frontal 

lobe functioning. While the DFT is frequently employed 

clinically (Lezak, 1983), it has been minimally used for 

research purposes apparently due to scoring difficulties. 

Though verbal and nonverbal fluency constructs are 

frequently employed in neuropsychology, they have yet to be 

simultaneously evaluated and related to other 

neuropsychological tests. In normals, for instance,



subjects may be demonstrated to be verbally fluent and 

nonverbally nonfluent, and conversely, verbally nonfluent 

and nonverbally fluent. Such groupings have yet to be 

empirically demonstrated, but provide a potentially viable 

method of specifying anterior functioning. Based on such 

groupings, it is predicted that these groups would perform 

differentially on neuropsychological instruments putatively 

sensitive to right and left frontal lobe functioning. A 

differential pattern of responding based on these fluency 

groupings would extend and validate this construct, and 

implicate functional asymmetries in frontal lobe . 

functioning. 

Therefore, the purpose of this experiment was to extend 

the fluency construct by constructing subgroupings of 

subjects who are nonverbally fluent, but verbally nonfluent, 

and conversely, verbally fluent, but nonverbally nonfluent. 

It was hypothesized that each fluency grouping would 

demonstrate selective impairments on neuropsychological 

tasks purported to be associated with either left or right 

frontal lobe functioning. Specifically, subjects who are 

nonverbally nonfluent were predicted to perform relatively 

poorly on right frontal tasks, and verbally nonfluent 

subjects were predicted to perform relatively poorly on left 

frontal tasks. Facial expressiveness, both intensity and 

accuracy, and the Ruff Figural Fluency Test, were the
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variables thought to tap right anterior functioning. Trails 

A and Trails B and the Stroop Color-Word Test evaluated left 

anterior functioning. Other putative frontal lobe tasks 

which tap motoric functioning of each hand (i.e. strength, 

perseveration) were also administered. In subsequent 

sections, frontal lobe functioning will be briefly reviewed 

and the verbal and nonverbal fluency literatures examined. 

The Frontal Lobes 

The importance of the frontal lobes for human brain 

activity is reflected in their neuroanatomy. Their size, 

estimated to be 24% to 32% of the total cortical surface, is 

considerably larger than that of non-human primates and 

other mammals (Goldman-Rakic, 1984). The frontal lobes also 

have extensive reciprocal connections with other cortical, 

limbic and subcortical areas and are the only cerebral 

region with such comprehensive connections. Moreover, they 

are the latest brain area to phylogenetically develop and 

their anterior regions (i.e. the prefrontal cortex) have 

undergone much greater development in the human than in any 

other species (see Fuster, 1989, pp.3-32). Their unique 

anatomical and evolutionary status led Tilney (1928) to 

submit that the entire period of human existence could be 

viewed as the "age of the frontal lobe". The following 

review of the frontal lobes will focus on their anatomy and 

cognitive functions, the neuropsychological sequelae of
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their damage and, finally, how they have been conceptualized 

to mediate fluency. 

The cortex and underlying white matter of the frontal 

lobes is the site of interconnections and feedback loops 

between the major sensory and motor systems, linking and 

integrating all components of behavior (Luria, 1973, pp. 

187-221). Pathways carrying information about the external 

environment from the posterior cortex and information about 

internal states from the limbic system converge in the 

prefrontal cortex. The former connections may occur either 

by direct corticocortical afferents or via the thalamus and 

terminate primarily in dorsolateral cortex (i.e. the outer 

Sides of the frontal lobe), whereas the latter mostly 

proceed via the dorsomedial thalamus and are transmitted 

more diffusely to either dorsolateral or orbitofrontal 

regions (i.e. between the hemispheres) (see Stuss & Benson 

[1984] for discussion of these connections). Based on these 

extensive connections, anterior regions of the frontal lobes 

are the site at which incoming information from all sources, 

including external and internal, is processed, integrated 

and entered into ongoing activity (Lezak, 1983, pp.78-80). 

Given their anatomical connections and phylogenetic 

development, it is not surprising that early theorists 

considered the frontal lobes to mediate the highest 

cognitive activities. These included will, recent memory,



abstract behavior, foresight and ethical behavior (Stuss & 

Benson, 1984, for review). A major controversy was thus 

provoked when Hebb (1939) reported that a small series of 

patients who had undergone surgical removal of frontal 

tissue showed no decrements on standardized intelligence 

testing. A massive body of literature has since examined 

this issue with a wide range of both negative and positive 

findings (see Stuss & Benson, 1984, pp. 195-199). Though 

the intellectual processes mediated by the frontal lobes 

have yet to be conclusively determined, Hebb's and similar 

subsequent findings have stimulated considerable research 

regarding the cognitive functions mediated by the frontal 

lobes. 

Neuropsychological research has established that a wide 

range of cognitive functions may be compromised with frontal 

damage. Lezak (1983), however, claims the resulting 

deficits are less obvious than those observed with posterior 

damage and subtle deficits in how a frontal patient responds 

are often apparent versus the content or the what of 

responding. Failures on test items are thus more likely to 

result from faulty approaches to problems rather than from 

linguistic, memory and/or perceptual deficits. If so, 

Hebb's observations are limited by use of structured tests 

that primarily measured old learning and well-established 

skills rather than the ability to solve unfamiliar problems



or to exercise judgment. Milner and Petrides (1984) argue 

that standardized intelligence tests measure convergent 

thinking in which a single correct answer for a question or 

problem exists, whereas tests of divergent thinking 

emphasize the number and variety of responses that can be 

produced to a single question. Such a test might require 

listing the different possible uses of a object, such as a 

brick, or listing all the words beginning with a target 

letter. These and similar divergent thinking tasks require 

the ability to think flexibly, to use inventive problem- 

solving approaches, to shift mental set and to organize 

thought processes. Deficits on tests tapping these 

functions are frequently noted secondary to frontal injury 

and will be specified below. 

Behavioral and cognitive deficits associated with 

prefrontal damage tend to be supramodal, apparent ina 

number of modalities. Though similar impairments may occur 

with other cerebral lesions, these are apt to be associated 

with specific intellectual, sensory or motor disabilities. 

Accordingly, disturbances associated with frontal lobe 

damage can be roughly classified into five general, but 

overlapping, categories (Fuster, 1989, 127-141; Hecaen, 

1962; Lezak, 1983, pp. 78-82). First, decreased behavioral 

spontaneity and initiative is typically apparent and, at the 

extreme, apathy, unresponsiveness and/or mutism may be



present. Second, frontal patients have difficulties in 

making mental or behavioral shifts and lack what is 

frequently called "cognitive flexibility". The ensuing 

repetitive continuation of a behavior or specific responses 

to various questions, tasks or situations is referred to as 

perseveration. Third, frontal damage may be associated with 

difficulties in self-regulation or self-modulation of 

ongoing behavior as evidenced by impulsivity, disinhibition 

and difficulty in suppressing wrong or unwanted responses. 

Fourth, deficits in self-awareness may be apparent with 

impairments in perceiving errors, appreciating one's impact 

on others, and/or self-monitoring. Finally, these patients 

may demonstrate concrete thinking with abstraction deficits; 

objects, experiences and/or behaviors are interpreted in the 

most literal sense. Associated with such deficits are 

impairments in planning and strategy generation which make 

goal-directed behavior difficult. Overall, the above 

deficits are frequently not readily observed in standardized 

testing where an examiner directs the testing, structures 

the activities and makes discretionary decisions (Teuber, 

Battersby, & Bender, 1951). Rather, frontal lobe 

dysfunction is most obvious in tasks which require self- 

monitoring, cognitive flexibility, strategy generation and 

the ability to shift mental set. These "executive" frontal
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lobe functions are thus operative, often in subtle ways, in 

vast amounts of behavior and cognition. 

Given the functions mediated by the frontal lobes, 

verbal and nonverbal fluency measures are simple, yet 

effective means of evaluating their integrity. Verbal 

fluency tests require subjects to name as many exemplars of 

a given category (i.e. words beginning with "F" or things 

found in a grocery store) as possible within a circumscribed 

time, whereas nonverbal measures require the invention of 

nonsense designs. Successful performance on these 

confrontational tests requires spontaneity (Zangwill, 1966), 

self-initiation of memory searches (Goodglass, 1986) and the 

organization of thought processes with development of a 

general strategy (Estes, 1974; Lezak, 1983, p. 330). Estes 

(1974) submits that successful performance on such tests 

depends on the ability to organize output in terms of 

clusters of meaningful words. Effective strategies with 

tests which require words to a specific letter might involve 

words beginning with the same initial consonant (e.g. 

content, contain, contend) or variations on a theme (e.g. 

sew, stitch, seam), whereas tests requiring items ina 

category (e.g. animals) might include use of general 

categories (e.g. farm, domestic or wild). Moreover, tests 

of this type dictate successive shifts in mental set as 

completion of one strategy requires initiation of another.
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Without this cognitive flexibility, subjects perseverate or 

lapse into continual repetition of the same response. This 

ultimately results in impoverished output with a low number 

of items generated and probable judgment of the subject as 

nonfluent. In all, fluency tests are especially sensitive 

to strategy development and cognitive flexibility and are 

ideally suited for evaluation of frontal lobe functioning. 

Fluency Constructs 

Verbal Fluency 

In a review of classical neurological research, 

Zangwill (1966) summarized the verbal disabilities in 

patients with left prefrontal lesions who were not 

considered clinically aphasic. He observed decreases in the 

spontaneity of speech, in the absence of an articulatory 

disorder, difficulty evoking the appropriate words or 

phrases and, in some cases, impairments of verbal thought 

processes. These impressions were later validated by early 

and systematic neuropsychological investigations. Milner 

(1964,1967) examined subjects who had undergone lobectomies 

of varying locus and extent for relief of focal seizures. 

Reductions in verbal fluency were observed in subjects with 

left prefrontal excisions compared with right prefrontal or 

left temporal excisions. Benton (1968) found that in 

nondysphasic patients with cerebrovascular disease, left 

frontal patients showed the most sparse performance on a
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verbal fluency measure. Relative to controls, 70% of the 

left anterior and 38% of the right anterior patients were 

classified as impaired on this task. While heightened 

verbal fluency impairments were evident in left anterior 

disease, the depressed right anterior scores suggested a 

potential bilateral component of this task. Furthermore, 

Perret (1974) and Pendleton, Heaton, Lehman, & Hulihan, 

(1982) found that subjects with any left hemisphere 

pathology performed significantly more poorly on verbal 

fluency tests than those with right hemisphere lesions, 

though both groups had lower scores than controls (cf. 

Miceli, Caltagirone, Gainotti, Masullo & Silveri, 1981). 

Subjects with focal frontal lobe lesions scored 

significantly lower than subjects with either focal temporal 

or posterior lesions, but left frontal lobe subjects 

demonstrated the greatest impairments. Pendleton et al. 

(1982) found these latter subjects to generate 27% less 

words than right frontal subjects. In all, this research 

indicates verbal fluency may be depressed with damage 

throughout either cerebrum, but is especially affected by 

left frontal involvement. 

More recent experimental work has substantiated these 

findings in patients with diverse etiologies. Martin, 

Loring, Meador, and Lee (1990) evaluated verbal fluency in 

temporal lobe epileptics prior to and following unilateral
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anterior temporal lobectomy. Verbal fluency decreased for 

both right and left temporal groups following the procedure, 

but left hemisphere patients demonstrated heightened 

impairments at both pre and post tests (cf. Hermann & Wyler, 

1988). Crockett, Bilsker, Hupwitz and Kozak (1986) found 

that subjects with frontal lobe pathology were more impaired 

on fluency measures than either nonfrontal or psychiatric 

patients. Though laterality was unfortunately not reported, 

verbal fluency was a better predictor of frontal pathology 

than either the Wisconsin Card Sorting Test or the Category 

Test. Similarly, Butler, Rorsman, Hill, and Tuma (1993) 

found simple (e.g. words generated to a single letter) and 

complex (e.g. possible jobs associated with an object) 

fluency measures to be impaired in subjects with frontal 

tumors. lLaterality effects were not statistically analyzed 

due to the small sample size, though a trend indicated that 

left frontal subjects were more impaired than right frontal 

subjects. In schizophrenia, reduced verbal fluency has been 

observed (Beatty, Jocic, Monson, & Staton, 1993; Gruzelier, 

Seymour, Wilson, Jolley, & Hirsch, 1988; Kolb & Whishaw, 

1983), providing behavioral substantiation of the purported 

frontal pathology (i.e. hypometabolism) in this disease 

(Berman, Illowsky & Weinberger, 1988). Overall, though the 

above experiments have not unequivocally evaluated 

laterality, they implicate the general importance of frontal
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lobe integrity for successful performance of verbal fluency 

tasks. Application of more sophisticated technologies has 

further specified the importance of these cerebral regions, 

particularly of the left hemisphere, for verbal fluency. 

Positron emission tomography (PET) is a functional 

imaging procedure which measures activity~related changes in 

regional cerebral blood flow during behavioral or 

neuropsychological tasks. With this technology, Frith, 

Friston, Liddle, and Frackowiak (1991) and Petersen, Fox, 

Posner, Mintun, & Raichle (1988) found increased cerebral 

blood flow to the left dorsolateral prefrontal cortex during 

verbal fluency tasks. In an earlier PET experiment, Parks 

et al., (1988) found a 23% increase in cerebral glucose 

metabolism over the entire cortex during verbal fluency 

relative to a resting state. The greatest activation was 

observed bilaterally, in frontal and temporal regions, which 

led these researchers to postulate a "system" involved in 

verbal fluency. They suggested that this system 

incorporates a concentration of intersecting pathways within 

the frontal lobes which, based on clinical data, are most 

vulnerable to disruption with left frontal damage. 

Interestingly, an inverse correlation has been observed 

between verbal fluency and subsequent activation bilaterally 

in frontal (Boivin et al., 1992) and in both frontal and 

temporal lobes (Parks et al., 1988). These findings
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implicate that "verbally-fluent" brains may work more 

efficiently, generating lower metabolic rates. It should be 

observed, however, that these findings are correlational and 

not based on actual cerebral metabolism during the fluency 

tasks. Nonetheless, the PET literature indicates bilateral, 

but especially left frontal, increases in cerebral 

metabolism concurrent with performance on verbal fluency 

tasks. 

Nonverbal Fluency 

Despite methodological problems, the Design Fluency 

Test (DFT) remains the standard assessment tool for 

nonverbal fluency (Lezak, 1983, p. 520). In their classic 

experiment, Jones-Gotman and Milner (1977) found that 

subjects with right frontal and fronto-central damage were 

impaired on the DFT, as evidenced by generation of few 

unique designs, but not on verbal fluency measures (see also 

Jones-Gotman, 1990). A double dissociation was found as 

left frontal subjects were impaired on verbal fluency tests, 

but not the DFT. Similar findings in epileptic children 

after focal surgical resection were also reported by Jones- 

Gotman (1990), but have yet to be systematically analyzed 

due to sample size limitations. In a qualitative analysis 

of right frontal subjects' responses, Jones-Gotman and 

Milner (1977) observed the output to not only include a low 

number of novel designs, but to be marked with perseverative
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errors. It was concluded that these subjects perseverated 

and lapsed into stereotyped repetitions of initially 

produced designs, because original responses were difficult 

to generate. Similarly impaired output on the DFT has been 

observed in schizophrenia (Beatty et al., 1993; Kolb & 

Whishaw, 1993), in frontal dementia (Canavan, Janota, & 

Schurr, 1985; Neary, Snowden, Mann, Northen, Goulding & 

Macdermott, 1990), in Parkinson's disease (Taylor, Saint- 

Cyr, & Lang, 1986), in frontal tumors (Butler et al., 1993) 

and in right thalamic infarction (Speedie & Heilman, 1983). 

Though evidence of laterality effects are not conclusive, 

the DFT does appear sensitive to frontal lobe dysfunction 

and is one of the few neuropsychological tests purported to 

tap right frontal lobe functioning. 

Despite the considerable theoretical influence of the 

DFT, a number of methodological problems have hampered its 

use. Perhaps the most troublesome issue is the scoring and 

coding of the designs which, because they may be similar, 

may make interjudge agreement on perseverations and 

ultimately the number of novel designs difficult (see Ruff, 

Light, & Evans, 1987). Unfortunately, many of the above 

experiments used only a single rater and hence did not 

examine this reliability issue. However, a number of 

researchers have recently examined this issue and employed 

multiple judges. Woodard, Axelrod and Henry (1992) and
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Jones-Gotman (1990) found good to excellent reliabilities 

(.6 to .9) for raters instructed to use their independent 

understanding of the scoring criteria of the original DFT. 

Also, Taylor et al., (1986) obtained excellent interrater 

reliabilities (.97) with trained raters. Though more 

systematic research is essential to establish consensually 

adapted scoring criteria and training procedures, these 

experiments indicate that adequate to excellent interrater 

reliability is obtainable. 

Domain-Specific Variables 

Left Hemisphere Variables 

Trail Making Test Parts A and B. The Trail-Making 

Tests are among the most frequently administered 

neuropsychological measures. Trails A simply requires the 

sequencing of a set of numbers, whereas Trails B demands 

that numbers and letters be connected in an alternating 

sequence. These tasks require sustained attention, the 

ability to shift perceptual set, and psychomotor tracking 

and speed (Lezak, 1983). Trails B, with its requirement to 

rapidly shift set between numbers and letters, is thought to 

be particularly sensitive to left frontal lobe functioning 

(Stuss & Benson, 1984). Evidence for this hypothesis is 

mixed (Wheeler, Burke, & Reitan, 1963; Wedding, 1979). 

However, Huntzinger (1989) found verbally nonfluent dyslexic 

children to perform slower on Trails B, but not Trails A,
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compared to fluent dyslexic children and control subjects. 

Though the Trail-Making Tests are quite sensitive to the 

presence of brain damage, their ability to localize damage 

remains controversial (see Lezak, 1983, 556-559). 

The Stroop Color-Word Test. The Stroop Color-Word 

Test is a frequently employed assessment tool used to 

evaluate a range of basic psychological processes, including 

mental processing speed, cognitive flexibility, resistance 

to interference, and cognitive complexity (Golden, 1978). 

It requires subjects to read words in Part 1 (Word), to name 

colors in Part 2 (Color), and to name the color words are 

printed in rather than the words themselves in Part 3 

(Color-Word). This final part requires the suppression or 

inhibition of the habitual response of reading a word and 

using it according to its meaning. Research indicates that 

left hemisphere damaged subjects are impaired on all parts 

relative to right hemisphere subjects and controls (Golden, 

1976; Nehemkis & Lewinsohn, 1972; Perret,. 1974). 

Importantly, both Perret (1974) and Golden (1976) found left 

frontal subjects to demonstrate the greatest impairments on 

the Color-Word part. In general, the Stroop is sensitive to 

left hemisphere damage as it is a verbal task and, in 

particular, to left frontal damage in the Color-Word part 

because it requires inhibition of a habitual verbal response 

(Perret, 1974).
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Right Hemisphere Variables 

Affect Expression. Borod and colleagues are 

responsible for generating and standardizing much of the 

facial expression research (see Borod, 1993, for review). 

Borod, Koff, Lorch and Nicholas (1986) and Borod, Koff, 

Lorch, Nicholas and Welkowitz (1988) rated posed and 

spontaneous facial expressions to affect-inducing slides of 

right and left hemisphere damaged subjects. Relative to 

left hemisphere subjects, right hemisphere subjects were 

judged to be less accurate in posing the target affective 

face and, in the spontaneous condition, judges were 

significantly less able to identify the elicited emotion. 

In posed paradigms, similar accuracy impairments have been 

observed (Borod et al., 1990; Kent, Borod, Koff, Welkowitz & 

Alpert, 1988) as well as decreased expressiveness (Bruyer, 

1981). These deficits have been demonstrated to be 

independent of buccofacial apraxia, paralysis or facial 

mobility (Borod et al., 1988). In spontaneous paradigms, 

right hemisphere subjects have been found to express affect 

less accurately and less intensely than left hemisphere 

subjects (Blonder, Burns, Bowers, Moore & Heilman, 1993; 

Buck & Duffy, 1980). Minimal valence effects (i.e. positive 

versus negative emotions) have been observed in the 

spontaneous paradigms, but the data are mixed in the posed 

paradigms, with support for selective impairments of
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negative (Bruyer, 1981) and positive affects (Borod et al., 

1986). Though this valence issue is critical for 

theoretical purposes (see Davidson & Tomarken, 1989), it has 

yet to be fully resolved (see Borod, 1993). Overall, right 

hemisphere damaged subjects have been judged to display 

affect, whether in posed or spontaneous paradigms, less 

intensely and less accurately than left hemisphere subjects. 

However, expressive differences between left and right 

hemisphere subjects have not consistently been observed in 

posed (Caltagirone et al., 1989; Kolb & Taylor, 1990) or 

spontaneous paradigms (Mammucari et al., 1988; Weddell, 

Trevarthen & Miller, 1988). Two of these experiments, 

however, demonstrated that, irrespective of laterality, 

anterior subjects were less expressive than posterior 

patients (Weddell et al., 1988; Kolb & Taylor, 1990). These 

findings contradict Borod's general thesis, though the 

methodologies of these, and similar experiments which have 

failed to find selective right hemisphere effects, have been 

critiqued (Borod, 1993; Buck, 1990; Tucker, 1993). 

Specifically, these experiments have relied heavily on the 

use of facial action coding procedures, particularly the 

Facial Affect Coding System (FACS) (Ekman & Friesen, 1978), 

which precisely detail each facial movement during an 

expressive display. Borod (1993) submits that these 

measures are less sensitive than judges' accuracy or
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intensity ratings of facial expressions. Piecemeal FACS 

measurements neglect the gestalt of the displayed face and 

fail to tap the complex skills humans use to perceive and to 

decode facial configurations (Dopson, Beckwith, Tucker & 

Bullard-Bates, 1984). Relative to facial action coding 

procedures, Buck (1990) notes that judges are more able to 

capture "the nuances of communicative facial expression" (p. 

278). Furthermore, if the ultimate function of emotion is 

to communicate, as argued by some theorists (see Buck, 1990; 

Darwin, 1872), the use of human raters with familiarity in 

expressive interpretation would clearly be superior to 

coding systems. Overall, judges' accuracy and intensity 

ratings of expressed faces have been demonstrated to be 

sensitive to differences between left and right hemisphere 

impaired subjects. 

In addition to these laboratory findings, Ross (1993) 

provides clinical support that right hemisphere damage 

results in impaired affect expression. He postulates an 

anterior-posterior emotional prosody circuit in the right 

hemisphere, which is organized for emotional expression and 

comprehension analogously to the organization of 

propositional speech in the left hemisphere. With right 

hemisphere damage, an aprosodia is hypothesized to occur 

with subsequent deficiencies in processing the prosody and 

intonation of speech. A motor aprosodia is a deficit in the
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ability to impart affective intonation or variation to 

speech, and it is thought to occur with anterior right 

hemisphere damage, whereas a receptive aprosodia refers to 

an inability to accurately perceive these components and it 

results from posterior damage (see Gorelick & Ross, 1987). 

Subjects with a motor aprosodia have flat, spontaneous 

speech without intonation, are unable to impart affect to 

neutral sentences, to make affective faces, or to covey 

affect via gesture (Ross, 1981; Ross & Mesulam, 1979; Ross & 

Rush, 1981, cases 2, 3, 4). Though affect perception 

remains intact, they are unable to convey affect via the 

above-listed finely-graded behaviors. These findings led 

Ross to conclude that anterior regions of the right 

hemisphere are critical for affect expression (Gorelick & 

Ross, 1987; Ross, 1993). 

The Ruff Figural Fluency Test. The Ruff Figural 

Fluency Test (RFFT) is a structured nonverbal or figural 

fluency measure (Ruff, 1988). Given varying dot matrices, 

subjects are instructed to connect the dots in as many 

unique ways as possible within a set time period. Nonverbal 

fluency is the total number of unique designs generated 

minus the number of perseverations or designs repeated 

within each part. The test has been normed on children and 

adults with varying educational levels and has adequate 

psychometric properties (Evans, Ruff & Gualtier, 1985; Ruff,
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Light, & Evans, 1987; Ruff, 1988; Vik & Ruff, 1988). 

Moreover, Ruff, Evans, & Marshall (1986) found figural 

fluency to be independent of motor speed, suggesting that 

this fluency measure is a function of cognitive rather than 

motoric processes. Figural fluency has also been found to 

be modestly correlated with performance, but not verbal IQ, 

(Ruff et al., 1987) and to be positively, but not 

Significantly, related to verbal fluency (Ruff et al., 

1986; Ruff et al., 1987; Vik & Ruff, 1988). This latter 

finding is important and implicates a potential dissociation 

between verbal and nonverbal fluency constructs, though it 

does require improved statistical confirmation. 

Due to its recent development, only a small number of 

experiments have examined the RFFT in neurological 

populations. In a sample of brain-injured subjects, Ruff, 

Evans & Marshall (1986) found figural fluency to be linearly 

related to the degree of trauma, from mild to severe, with 

severe subjects generating the fewest figures. This finding 

validates the instrument's sensitivity to the extent of 

brain damage. More recently, Ruff, Allen, Farrow, Niemann, 

& Wylie (1994) found that subjects with right frontal damage 

were more impaired on the RFFT than left frontal and 

posterior subjects (Study 2). A handful of case studies also 

support this finding (Ruff et al., 1994, Study 1; Ruff, 

1988).
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Motor Variables 

Dynamometer. A dynamometer is a device used to measure 

grip or hand strength (Dodrill, 1978). This simple task 

requires a motor response which is recognized as a function 

of precentral and premotor cortical areas (Stuss & Benson, 

1984). These cortical areas control the contralateral 

distal extremities, and lateralized lesions are frequently 

associated with contralateral decreased strength, 

perseveration, and motor fatigue (Luria, 1973, pp. 176-186). 

More specifically, Huntzinger (1989) found verbally 

nonfluent dyslexic children to be weaker and to demonstrate 

greater perseveration across hands than fluent dyslexic 

children and control subjects. In normals, increased 

fatigue and perseveration have been observed at the left 

hand (Harrison & Pauly, 1990), whereas depressed women 

displayed significantly less perseveration at the left hand 

than nondepressed women (Crews & Harrison, 1994). These 

findings suggest that motor perseveration as assessed via 

the hand dynamometer may be sensitive to functional cerebral 

asymmetries. 

Finger Tapping. The Finger Tapping Test (FTT) is a 

component of the Halstead-Reitan battery (Reitan & Davidson, 

1974) and is probably the most widely used test of manual 

dexterity. The apparatus consists of a tapping key with a 

device for recording the number of taps. Brain damage has a
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general slowing effect on finger tapping rate (Dodrill, 

1978) and lateralized lesions typically result in slowing of 

the tapping rate of the contralateral hand (Finlayson & 

Reitan, 1977; Haaland & Delaney, 1981). 

Summary, Rationale, and Hypotheses 

Fluency is a frequently employed construct in 

neuropsychology and evaluates the degree to which material, 

either verbal or nonverbal, can be effectively generated to 

confrontation. Because performance on fluency measures is 

thought to be maximized with initiative, cognitive 

flexibility and the use and development of strategies, they 

are hypothesized to be particularly sensitive to frontal 

lobe functioning. Considerable data indicate that verbal 

fluency is especially depressed with damage to anterior 

regions of the left hemisphere, though substantiation of 

compromised nonverbal fluency secondary to right frontal 

damage is somewhat less extensive. Nonetheless, these 

fluency measures have yet to be examined in conjunction with 

one another, and systematically with a range of other 

neuropsychological tasks purported to challenge the 

integrity of the frontal lobes. Their relationship with 

emotional expression, which may also tap frontal lobe 

functioning, has also not been explored. This experiment 

was therefore designed to address these issues, as well as 

the psychometric qualities of the Design Fluency Test,
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particularly interrater reliability. New measures designed 

to assess anterior functioning (i.e affect expression) were 

also evaluated for interrater reliability and their 

relationship with other more traditional frontal measures. 

Overall, this experiment sought to extend empirical and 

conceptual understanding of fluency. 

To accomplish these goals, the experiment consisted of 

a 2 X 2 factorial design with factors of verbal fluency 

(high and low) and nonverbal fluency (high and low). Verbal 

fluency was assessed with the Controlled Oral Word 

Association Test (COWAT), and nonverbal fluency with Design 

Fluency Test (DFT). Four experimental groups were 

generated; High Verbal/High Nonverbal, High Verbal/Low 

Nonverbal, Low Verbal/High Nonverbal, and Low Verbal/Low 

Nonverbal. A series of MANOVAS were then be completed with 

these subject groups and sets of variables thought to 

asymmetrically challenge either the left or right 

hemisphere. As noted, left hemisphere variables included 

the Trail-Making Tests and the Stroop Color-Word Test, 

whereas right hemisphere variables consisted of facial 

accuracy and intensity measures and the Ruff Figural Fluency 

Test. Motor tasks, which were hypothesized to 

asymmetrically challenge each hemisphere, were separately 

conducted for each hand. See Tables 1-3 for a summary of 

all variables.
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�S�u�b�j�e�c�t� �g�r�o�u�p�i�n�g�s� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�e�r�e� �b�a�s�e�d� �o�n� �a� 

�r�i�c�h� �t�r�a�d�i�t�i�o�n� �i�n� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �i�n� �w�h�i�c�h� �s�u�b�j�e�c�t�s� �a�r�e� 

�c�l�a�s�s�i�f�i�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �a� 

�p�a�r�t�i�c�u�l�a�r� �d�e�f�i�c�i�t� �o�r� �l�e�s�i�o�n�.� �T�h�i�s� �"�l�e�s�i�o�n�"� �a�p�p�r�o�a�c�h� 

�a�s�s�u�m�e�s� �t�h�a�t� �o�t�h�e�r� �b�r�a�i�n� �s�t�r�u�c�t�u�r�e�s� �a�n�d�/�o�r� �c�o�g�n�i�t�i�v�e� 

�f�u�n�c�t�i�o�n�s� �a�r�e� �i�n�t�a�c�t�,� �t�h�u�s� �i�s�o�l�a�t�i�n�g� �t�h�e� �d�e�f�i�c�i�t� �i�n� �q�u�e�s�t�i�o�n� 

�(�s�e�e� �H�e�i�l�m�a�n� �&� �V�a�l�e�n�s�t�e�i�n�,� �1�9�9�4�,� �p�p�.� �9�-�1�0�)�.� �A� �f�u�l�l� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �p�r�e�s�u�m�e�d� �s�e�q�u�e�l�a�e� �o�f� �t�h�e� �l�e�s�i�o�n� �m�a�y� 

�t�h�e�n� �b�e� �c�o�n�d�u�c�t�e�d�.� �A� �r�e�l�a�t�e�d� �a�p�p�r�o�a�c�h� �i�s�o�l�a�t�e�s� �t�h�e� 

�c�o�g�n�i�t�i�v�e� �f�u�n�c�t�i�o�n� �o�f� �i�n�t�e�r�e�s�t� �v�i�a� �s�t�a�t�i�s�t�i�c�a�l� �c�o�n�t�r�o�l� �o�r� 

�c�o�v�a�r�i�a�t�i�o�n� �o�f� �o�t�h�e�r� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �g�r�o�u�p�i�n�g� �a�p�p�r�o�a�c�h� �u�s�e�d� 

�i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �t�h�e�r�e�f�o�r�e� �r�e�m�a�i�n�s� �f�a�i�t�h�f�u�l� �t�o� �c�l�i�n�i�c�a�l�l�y� 

�u�s�e�f�u�l� �m�a�r�k�e�r�s� �(�i�.�e�.� �h�i�g�h� �o�r� �l�o�w� �s�c�o�r�e�s� �o�n� �f�l�u�e�n�c�y� 

�m�e�a�s�u�r�e�s�)�,� �w�h�i�l�e� �c�o�n�t�r�o�l�l�i�n�g� �f�o�r� �t�h�e� �o�t�h�e�r� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�.� 

�S�u�c�h� �a�n� �a�p�p�r�o�a�c�h� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �s�e�l�e�c�t� �s�u�b�j�e�c�t�s� �w�h�o� 

�a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e� �s�i�g�n�i�f�i�c�a�n�t� �s�t�r�e�n�g�t�h�s� �o�r� �d�e�f�i�c�i�t�s� �o�n� �t�h�e� 

�a�s�s�o�c�i�a�t�e�d� �f�r�o�n�t�a�l� �t�a�s�k�s�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� 

�s�u�i�t�e�d� �f�o�r� �r�e�s�e�a�r�c�h� �w�i�t�h� �a� �n�o�n�-�c�l�i�n�i�c�a�l� �p�o�p�u�l�a�t�i�o�n�,� �i�n� �w�h�i�c�h� 

�t�h�e� �e�x�t�r�e�m�e�s� �o�f� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �a�r�e� �d�e�s�i�r�e�d�.� �R�e�l�a�t�i�v�e� �t�o�a� 

�m�o�r�e� �h�o�m�o�g�e�n�o�u�s� �s�a�m�p�l�e�,� �t�h�e�s�e� �s�u�b�j�e�c�t�s� �w�o�u�l�d� �b�e� �m�o�r�e� �l�i�k�e�l�y� 

�t�o� �p�r�o�m�i�n�e�n�t�l�y� �d�i�s�p�l�a�y� �t�h�e� �c�o�g�n�i�t�i�v�e� �m�a�n�i�f�e�s�t�a�t�i�o�n�s� �o�f� 

�i�n�t�e�r�e�s�t�.� 

�M�o�r�e� �s�p�e�c�i�f�i�c�a�l�l�y�,� �t�o� �m�a�x�i�m�i�z�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� 

�f�l�u�e�n�c�y� �c�r�i�t�e�r�i�o�n� �m�e�a�s�u�r�e�s�,� �o�n�l�y� �s�u�b�j�e�c�t�s� �i�n� �t�h�e� �t�o�p� �o�r� 

�b�o�t�t�o�m� �t�h�i�r�d�s� �o�f� �e�a�c�h� �f�l�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �w�e�r�e� �s�e�l�e�c�t�e�d�.
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�F�o�r� �i�n�s�t�a�n�c�e�,� �i�f� �a� �s�u�b�j�e�c�t� �s�c�o�r�e�d� �a�t� �t�h�e� �9�0� �p�e�r�c�e�n�t�i�l�e� �o�n� 

�t�h�e� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�,� �a�n�d� �a�t� �t�h�e� �1�5� �p�e�r�c�e�n�t�i�l�e� �o�n� �t�h�e� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�,� �h�e� �w�a�s� �p�l�a�c�e�d� �i�n� �t�h�e� �H�i�g�h� �V�e�r�b�a�l� 

�/�L�o�w� �N�o�n�v�e�r�b�a�l� �g�r�o�u�p�.� �S�u�b�j�e�c�t�s� �w�h�o� �s�c�o�r�e�d� �i�n� �t�h�e� �m�i�d�d�l�e� �o�f� 

�e�i�t�h�e�r� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�'�s� �d�i�s�t�r�i�b�u�t�i�o�n� �w�e�r�e� �e�x�c�l�u�d�e�d� �f�r�o�m� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�.� �A�s� �s�u�c�h�,� �i�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �H�i�g�h� 

�V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l� �s�u�b�j�e�c�t�s� �w�i�l�l� �d�e�m�o�n�s�t�r�a�t�e� �b�e�t�t�e�r� 

�p�e�r�f�o�r�m�a�n�c�e� �o�n� �l�e�f�t�-�h�e�m�i�s�p�h�e�r�e� �t�a�s�k�s� �v�e�r�s�u�s� �L�o�w� �V�e�r�b�a�l�/�H�i�g�h� 

�N�o�n�v�e�r�b�a�l� �s�u�b�j�e�c�t�s�.� �C�o�n�v�e�r�s�e�l�y�,� �t�h�i�s� �l�a�t�t�e�r� �g�r�o�u�p� �w�a�s� 

�h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �e�v�i�d�e�n�c�e� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �o�n� �r�i�g�h�t� 

�h�e�m�i�s�p�h�e�r�e� �t�a�s�k�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �e�a�c�h� �g�r�o�u�p� �w�a�s� �p�r�e�d�i�c�t�e�d� �t�o� 

�p�e�r�f�o�r�m� �b�e�t�t�e�r� �o�n� �m�o�t�o�r� �t�a�s�k�s� �a�t� �t�h�e� �c�o�n�t�r�a�l�a�t�e�r�a�l� �h�a�n�d� 

�(�e�.�g�.� �H�i�g�h� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l� �s�u�b�j�e�c�t�s� �w�i�l�l� �p�e�r�f�o�r�m� �b�e�t�t�e�r� 

�t�h�a�n� �o�t�h�e�r� �g�r�o�u�p�s� �w�i�t�h� �t�h�e� �r�i�g�h�t� �h�a�n�d�)�.� 

�M�E�T�H�O�D�S� 

�S�u�b�j�e�c�t�s� 

�S�i�x�t�y� �s�t�r�o�n�g�l�y� �r�i�g�h�t�-�h�a�n�d� �d�o�m�i�n�a�n�t� �m�a�l�e� �i�n�t�r�o�d�u�c�t�o�r�y� 

�p�s�y�c�h�o�l�o�g�y� �s�t�u�d�e�n�t�s� �p�a�r�t�i�c�i�p�a�t�e�d�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �f�r�e�e� �o�f� 

�c�u�r�r�e�n�t� �o�r� �p�a�s�t� �n�e�u�r�o�l�o�g�i�c�a�l� �o�r� �p�s�y�c�h�i�a�t�r�i�c� �d�i�s�e�a�s�e�,� �a�n�d� �h�a�d� 

�n�e�v�e�r� �b�e�e�n� �d�i�a�g�n�o�s�e�d� �w�i�t�h� �a� �l�e�a�r�n�i�n�g� �d�i�s�a�b�i�l�i�t�y�.� �S�u�b�j�e�c�t�s�'� 

�a�v�e�r�a�g�e� �a�g�e� �w�a�s� �1�9�.�5�7� �(�S�D� �=� �1�.�4�9�)� �a�n�d� �t�h�e�i�r� �a�v�e�r�a�g�e� 

�h�a�n�d�e�d�n�e�s�s� �s�c�o�r�e� �w�a�s� �9�.�2�4� �(�S�D� �=� �3�.�8�0�)�.� �U�s�e� �o�f� �t�h�e�s�e� 

�s�u�b�j�e�c�t�s� �w�a�s� �m�o�t�i�v�a�t�e�d� �b�y� �t�h�e� �p�r�e�s�u�m�e�d� �h�e�i�g�h�t�e�n�e�d� �f�u�n�c�t�i�o�n�a�l� 

�l�a�t�e�r�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �m�a�l�e� �b�r�a�i�n� �(�H�a�r�r�i�s�o�n� �&� �G�o�r�e�l�c�z�e�n�k�o�,
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�1�9�9�0�;� �s�e�e� �M�c�G�l�o�n�e�,� �1�9�8�0�)�.� �A� �c�o�m�p�l�e�t�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �s�u�b�j�e�c�t� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�s� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �R�e�s�u�l�t�s� �s�e�c�t�i�o�n�.� 

�S�e�s�s�i�o�n� �1� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �t�w�e�n�t�y� �t�o� �t�h�i�r�t�y� �m�a�l�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �m�a�s�s� 

�t�e�s�t�e�d� �a�t� �e�a�c�h� �s�e�s�s�i�o�n�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �w�e�r�e� �a�d�m�i�n�i�s�t�e�r�e�d� 

�d�u�r�i�n�g� �t�h�i�s� �f�i�r�s�t� �t�e�s�t�i�n�g� �s�e�s�s�i�o�n�;� �i�n�f�o�r�m�e�d� �c�o�n�s�e�n�t� �f�o�r�m� 

�(�A�p�p�e�n�d�i�x� �B�)�,� �l�a�t�e�r�a�l�i�t�y� �o�r� �h�a�n�d�e�d�n�e�s�s� �q�u�e�s�t�i�o�n�n�a�i�r�e� 

�(�A�p�p�e�n�d�i�x� �C�)�,� �n�e�u�r�o�l�o�g�i�c�a�l� �s�c�r�e�e�n�i�n�g� �(�A�p�p�e�n�d�i�x� �D�)� �a�n�d� �t�h�e� 

�v�e�r�b�a�l� �a�n�d� �n�o�n�-�v�e�r�b�a�l� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s�.� �T�h�e� �l�a�t�e�r�a�l�i�t�y� 

�q�u�e�s�t�i�o�n�n�a�i�r�e� �(�C�o�r�a�n�,� �P�o�r�a�c� �&� �D�u�n�c�a�n�,� �1�9�7�9�)� �i�s� �a� 

�b�e�h�a�v�i�o�r�a�l�l�y� �v�a�l�i�d�a�t�e�d� �1�3�-�i�t�e�m� �q�u�e�s�t�i�o�n�n�a�i�r�e� �w�h�i�c�h� �a�s�s�e�s�s�e�s� 

�f�o�u�r� �t�y�p�e�s� �o�f� �l�a�t�e�r�a�l� �p�r�e�f�e�r�e�n�c�e�;� �h�a�n�d�,� �f�o�o�t�,� �e�y�e� �a�n�d� �e�a�r�.� 

�A�v�e�r�a�g�e� �c�o�n�c�o�r�d�a�n�c�e� �b�e�t�w�e�e�n� �t�h�i�s� �s�e�l�f�-�r�e�p�o�r�t� �i�n�s�t�r�u�m�e�n�t� �a�n�d� 

�b�e�h�a�v�i�o�r�a�l� �m�e�a�s�u�r�e�s� �i�s� �.�9�0�.� �S�e�l�f�-�r�e�p�o�r�t� �i�t�e�m�s� �a�r�e� �s�c�o�r�e�d� �+�1� 

�f�o�r� �r�i�g�h�t�,� �-�1� �f�o�r� �l�e�f�t� �a�n�d� �0� �f�o�r� �b�o�t�h� �h�a�n�d� �d�o�m�i�n�a�n�c�e�.� 

�C�r�i�t�e�r�i�o�n� �f�o�r� �r�i�g�h�t�-�s�i�d�e�d�n�e�s�s� �a�n�d� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t� �w�a�s� �a� �t�o�t�a�l� �s�c�o�r�e� �o�f� �+�6� �o�r� �a�b�o�v�e� �(�m�a�x� �=� �1�3�)�.� �T�h�e� 

�n�e�u�r�o�l�o�g�i�c�a�l� �s�c�r�e�e�n�i�n�g� �a�s�s�e�s�s�e�s� �f�o�r� �a� �p�a�s�t� �h�i�s�t�o�r�y� �o�f� 

�n�e�u�r�o�l�o�g�i�c�a�l� �d�i�s�o�r�d�e�r�s� �a�n�d�/�o�r� �p�r�o�b�l�e�m�s�.� �V�e�r�b�a�l� �a�n�d� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �a�r�e� �d�e�t�a�i�l�e�d� �b�e�l�o�w�.� 

�A�l�l� �s�u�b�j�e�c�t�s� �r�e�c�e�i�v�e�d� �c�r�e�d�i�t� �f�o�r� �t�h�e�i�r� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� 

�t�h�i�s� �f�o�r�t�y�-�f�i�v�e� �m�i�n�u�t�e� �s�e�s�s�i�o�n�.� �F�o�l�l�o�w�i�n�g� �t�h�i�s� �s�e�s�s�i�o�n�,� 

�f�l�u�e�n�c�y� �p�r�o�t�o�c�o�l�s� �w�e�r�e� �s�c�o�r�e�d� �a�n�d� �s�u�b�j�e�c�t�s� �w�h�o� �m�e�t� �t�h�e� 

�c�r�i�t�e�r�i�a� �f�o�r� �a�n�y� �o�f� �t�h�e� �f�l�u�e�n�c�y� �g�r�o�u�p�i�n�g� �c�a�t�e�g�o�r�i�e�s� �w�e�r�e� 

�c�o�n�t�a�c�t�e�d� �f�o�r� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �t�e�s�t�i�n�g



�2�9� 

�s�e�s�s�i�o�n�.� �T�h�e�s�e� �s�u�b�j�e�c�t�s� �a�l�s�o� �m�e�t� �t�h�e� �l�a�t�e�r�a�l�i�t�y� �c�r�i�t�e�r�i�a� 

�a�n�d� �w�e�r�e� �n�e�u�r�o�l�o�g�i�c�a�l�l�y� �i�n�t�a�c�t�.� �S�u�b�j�e�c�t�s� �e�x�c�l�u�d�e�d� �f�r�o�m� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t� �d�u�e� �t�o� �t�h�e�s�e� �c�r�i�t�e�r�i�a� �a�n�d�/�o�r� �f�a�i�l�u�r�e� �t�o� �q�u�a�l�i�f�y� 

�f�o�r� �a� �f�l�u�e�n�c�y� �g�r�o�u�p�i�n�g� �w�e�r�e� �n�o�t� �c�o�n�t�a�c�t�e�d� �f�o�r� �f�u�r�t�h�e�r� 

�t�e�s�t�i�n�g�.� 

�F�l�u�e�n�c�y� �M�a�t�e�r�i�a�l�s� �a�n�d� �S�u�b�g�r�o�u�p�i�n�g�s� 

�V�e�r�b�a�l� �f�l�u�e�n�c�y�.� �T�h�e� �C�o�n�t�r�o�l�l�e�d� �O�r�a�l� �W�o�r�d� �A�s�s�o�c�i�a�t�i�o�n� 

�T�e�s�t� �(�C�O�W�A�T�)� �a�s�s�e�s�s�e�s� �o�r�a�l� �o�r� �w�r�i�t�t�e�n� �p�r�o�d�u�c�t�i�o�n� �o�f� �w�o�r�d�s� 

�b�e�g�i�n�n�i�n�g� �w�i�t�h� �a� �d�e�s�i�g�n�a�t�e�d� �l�e�t�t�e�r� �(�B�e�n�t�o�n� �&� �H�a�m�s�h�e�r�,� �1�9�7�6�)�.� 

�I�t� �c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� �t�r�i�a�l�s� �i�n� �w�h�i�c�h� �s�u�b�j�e�c�t�s� �a�r�e� �i�n�s�t�r�u�c�t�e�d� 

�t�o� �w�r�i�t�e� �a�s� �m�a�n�y� �w�o�r�d�s� �a�s� �p�o�s�s�i�b�l�e� �i�n� �o�n�e� �m�i�n�u�t�e� �b�e�g�i�n�n�i�n�g� 

�w�i�t�h� �a� �s�p�e�c�i�f�i�e�d� �l�e�t�t�e�r� �(�F�,�A�,� �a�n�d� �S�)�.� �P�r�o�p�e�r� �n�a�m�e�s�,� �n�u�m�b�e�r�s� 

�a�n�d� �t�h�e� �s�a�m�e� �w�o�r�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �e�n�d�i�n�g�s� �a�r�e� �n�o�t� �p�e�r�m�i�t�t�e�d�.� 

�T�h�e� �f�i�n�a�l� �s�c�o�r�e� �i�s� �t�h�e� �s�u�m� �o�f� �a�l�l� �a�c�c�e�p�t�a�b�l�e� �w�o�r�d�s� �p�r�o�d�u�c�e�d� 

�a�c�r�o�s�s� �t�r�i�a�l�s�.� �T�h�o�u�g�h� �t�h�i�s� �i�s� �t�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �e�m�p�l�o�y�e�d� 

�t�e�s�t� �o�f� �v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �s�i�m�i�l�a�r� �f�i�n�d�i�n�g�s� �(�i�.�e�.� �d�e�p�r�e�s�s�e�d� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �w�i�t�h� �l�e�f�t� �a�n�t�e�r�i�o�r� �d�a�m�a�g�e�)� �h�a�v�e� �b�e�e�n� �o�b�t�a�i�n�e�d� 

�w�i�t�h� �p�r�o�t�o�c�o�l� �v�a�r�i�a�n�t�s� �u�s�i�n�g� �e�i�t�h�e�r� �d�i�f�f�e�r�e�n�t� �l�e�t�t�e�r�s� �o�r� 

�t�i�m�e� �l�i�m�i�t�s� �(�s�e�e� �B�o�r�o�k�o�w�s�k�i�,� �B�e�n�t�o�n� �&� �S�p�r�e�e�n�,� �1�9�8�1�)�.� �T�h�e�s�e� 

�p�r�o�c�e�d�u�r�a�l� �v�a�r�i�a�t�i�o�n�s� �h�a�v�e� �y�e�t� �t�o� �b�e� �e�m�p�i�r�i�c�a�l�l�y� 

�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �i�n� �t�h�e�i�r� �s�e�n�s�i�t�i�v�i�t�y� �t�o� �l�e�f�t� �a�n�t�e�r�i�o�r� �d�a�m�a�g�e�.� 

�N�o�n�e�t�h�e�l�e�s�s�,� �t�h�e� �p�r�e�s�e�n�t� �e�x�p�e�r�i�m�e�n�t� �u�s�e�d� �t�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� 

�e�m�p�l�o�y�e�d� �l�e�t�t�e�r�s� �(�F�A�S�)�,� �b�u�t� �e�x�t�e�n�d�e�d� �t�h�e� �t�i�m�e� �l�i�m�i�t� �t�o� �t�h�r�e�e� 

�m�i�n�u�t�e�s� �p�e�r� �l�e�t�t�e�r�.� �T�h�i�s� �l�o�n�g�e�r� �t�i�m�e� �p�e�r�i�o�d� �w�a�s� 

�h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �b�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �f�r�o�n�t�a�l� �d�y�s�f�u�n�c�t�i�o�n� �a�s



�3�0� 

�t�h�e� �r�e�q�u�i�r�e�m�e�n�t� �t�o� �s�h�i�f�t� �s�e�t�,� �t�o� �m�a�k�e� �s�u�c�c�e�s�s�i�v�e� �m�e�m�o�r�y� 

�s�e�a�r�c�h�e�s�,� �a�n�d� �t�o� �g�e�n�e�r�a�t�e� �u�n�i�q�u�e� �r�e�s�p�o�n�s�e�s� �i�n�c�r�e�a�s�e�d�.� �T�h�i�s� 

�n�i�n�e� �m�i�n�u�t�e� �s�a�m�p�l�e� �a�l�s�o� �e�q�u�a�l�e�d� �t�h�e� �t�i�m�e� �c�o�n�s�t�r�a�i�n�t�s� �o�f� �D�F�T�,� 

�w�h�i�c�h� �e�n�h�a�n�c�e�d� �p�a�r�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s�.� �S�e�e� 

�A�p�p�e�n�d�i�x� �E�.� 

�N�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�.� �T�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t� �(�D�F�T�)� 

�i�n�c�l�u�d�e�s� �f�r�e�e� �a�n�d� �f�i�x�e�d� �c�o�n�d�i�t�i�o�n�s� �(�J�o�n�e�s�-�G�o�t�m�a�n� �&� �M�i�l�n�e�r�,� 

�1�9�7�7�)�.� �I�n� �t�h�e� �f�o�r�m�e�r�,� �s�u�b�j�e�c�t�s� �a�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �g�e�n�e�r�a�t�e� 

�a�s� �m�a�n�y� �u�n�i�q�u�e�,� �b�u�t� �u�n�n�a�m�e�a�b�l�e� �d�e�s�i�g�n�s� �a�s� �p�o�s�s�i�b�l�e� �i�n� �f�i�v�e� 

�m�i�n�u�t�e�s�.� �T�h�e� �f�i�x�e�d� �c�o�n�d�i�t�i�o�n� �r�e�q�u�i�r�e�s� �g�e�n�e�r�a�t�i�o�n� �o�f� 

�u�n�n�a�m�e�a�b�l�e� �f�o�u�r�-�l�i�n�e� �d�e�s�i�g�n�s� �i�n� �f�o�u�r� �m�i�n�u�t�e�s�.� �P�e�r�s�e�v�e�r�a�t�i�v�e� 

�r�e�s�p�o�n�s�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �t�w�o� �d�e�s�i�g�n�s� �v�a�r�y� �o�n� �o�n�l�y� �o�n�e� 

�c�o�m�p�o�n�e�n�t� �o�r� �a�r�e� �m�e�r�e� �r�o�t�a�t�i�o�n�s� �o�f� �a�n�o�t�h�e�r� �d�e�s�i�g�n�.� �T�h�e� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �s�c�o�r�e� �i�s� �t�h�e� �s�u�m� �o�f� �u�n�i�q�u�e� �d�e�s�i�g�n�s� 

�g�e�n�e�r�a�t�e�d� �i�n� �t�h�e� �f�i�x�e�d� �a�n�d� �f�r�e�e� �c�o�n�d�i�t�i�o�n�s�,� �m�i�n�u�s� �t�h�e� �n�u�m�b�e�r� 

�o�f� �n�a�m�e�a�b�l�e� �a�n�d� �p�e�r�s�e�v�e�r�a�t�i�v�e� �d�e�s�i�g�n�s�.� �S�e�e� �A�p�p�e�n�d�i�x� �F�.� 

�S�e�s�s�i�o�n� �2� 

�T�h�i�s� �o�n�e�-�h�a�l�f� �h�o�u�r� �i�n�d�i�v�i�d�u�a�l� �s�e�s�s�i�o�n� �c�o�n�s�i�s�t�e�d� �o�f� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �a�n�d� �a�f�f�e�c�t�i�v�e� �t�e�s�t�i�n�g�.� �B�r�i�e�f� �p�r�o�c�e�d�u�r�a�l� 

�o�u�t�l�i�n�e�s� �a�n�d� �s�c�o�r�i�n�g� �c�r�i�t�e�r�i�a� �f�o�r� �e�a�c�h� �t�a�s�k� �a�r�e� �h�i�g�h�l�i�g�h�t�e�d� 

�b�e�l�o�w�.� �R�e�l�a�t�i�v�e�l�y� �m�o�r�e� �t�i�m�e� �i�s� �s�p�e�n�t� �d�i�s�c�u�s�s�i�n�g� �a�f�f�e�c�t� 

�e�x�p�r�e�s�s�i�o�n� �g�i�v�e�n� �t�h�a�t� �i�t� �i�s� �a� �n�e�w�l�y� �d�e�v�e�l�o�p�e�d� �m�e�a�s�u�r�e�.



�3�1� 

�L�e�f�t� �H�e�m�i�s�p�h�e�r�e� �V�a�r�i�a�b�l�e�s� 

�T�r�a�i�l�-�M�a�k�i�n�g� �T�e�s�t� �P�a�r�t�s� �A� �&� �B� 

�P�r�o�c�e�d�u�r�e�.� �T�h�e� �t�e�s�t� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �i�n� �t�w�o� �p�a�r�t�s�.� �I�n� 

�T�r�a�i�l�s� �A�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �d�r�a�w� �l�i�n�e�s� �c�o�n�n�e�c�t�i�n�g� 

�r�a�n�d�o�m�l�y� �d�i�s�t�r�i�b�u�t�e�d� �n�u�m�b�e�r�e�d� �c�i�r�c�l�e�s� �(�1�-�2�5�)�.� �I�n� �T�r�a�i�l�s� �B�,� 

�s�u�b�j�e�c�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �c�o�n�n�e�c�t� �r�a�n�d�o�m�l�y� �d�i�s�t�r�i�b�u�t�e�d� 

�n�u�m�b�e�r�s� �(�1�-�1�3�)� �a�n�d� �l�e�t�t�e�r�s� �(�A�-�L�)� �b�y� �u�s�i�n�g� �a�n� �a�l�t�e�r�n�a�t�i�n�g� 

�n�u�m�b�e�r�-�l�e�t�t�e�r� �s�e�q�u�e�n�c�e�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �w�o�r�k� �a�s� 

�q�u�i�c�k�l�y� �a�s� �p�o�s�s�i�b�l�e� �o�n� �b�o�t�h� �t�a�s�k�s�.� �S�e�e� �A�p�p�e�n�d�i�x� �J�.� 

�S�c�o�r�i�n�g�.� �S�e�p�a�r�a�t�e� �s�c�o�r�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �P�a�r�t�s� �A� �a�n�d� 

�B�,� �a�n�d� �t�h�e�y� �c�o�n�s�i�s�t� �o�f� �t�h�e� �t�i�m�e� �i�n� �s�e�c�o�n�d�s� �r�e�q�u�i�r�e�d� �t�o� 

�c�o�m�p�l�e�t�e� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �c�o�n�n�e�c�t�i�o�n�s�.� �E�r�r�o�r�s� �w�e�r�e� �n�o�t� 

�i�n�c�l�u�d�e�d� �i�n� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s�,� �d�u�e� �t�o� �t�h�e�i�r� �v�e�r�y� �s�m�a�l�l� 

�n�u�m�b�e�r�.� 

�T�h�e� �S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� �T�e�s�t� 

�P�r�o�c�e�d�u�r�e�.� �T�h�e� �S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� �T�e�s�t� �c�o�n�s�i�s�t�s� �o�f� 

�t�h�r�e�e� �p�a�g�e�s�,� �e�a�c�h� �w�i�t�h� �1�0�0� �i�t�e�m�s� �a�r�r�a�n�g�e�d� �i�n� �f�i�v�e� �c�o�l�u�m�n�s� �o�f� 

�2�0� �i�t�e�m�s� �e�a�c�h�.� �O�n� �t�h�e� �f�i�r�s�t� �p�a�g�e� �t�h�e� �i�t�e�m�s� �a�r�e� �c�o�l�o�r� �w�o�r�d�s� 

�(�r�e�d�,�g�r�e�e�n� �a�n�d� �b�l�u�e�)� �r�a�n�d�o�m�l�y� �a�r�r�a�n�g�e�d� �a�n�d� �p�r�i�n�t�e�d� �i�n� �b�l�a�c�k� 

�i�n�k�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �r�e�a�d� �a�s� �m�a�n�y� �i�t�e�m�s� �a�s� �p�o�s�s�i�b�l�e� 

�i�n� �4�5� �s�e�c�o�n�d�s�.� �P�a�g�e� �2� �c�o�n�s�i�s�t�s� �o�f� �X�X�X�X�s� �p�r�i�n�t�e�d� �i�n� �e�i�t�h�e�r� 

�r�e�d�,� �g�r�e�e�n� �o�r� �b�l�u�e� �i�n�k�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �i�d�e�n�t�i�f�y� �a�s� 

�m�a�n�y� �c�o�l�o�r�s� �a�s� �p�o�s�s�i�b�l�e� �i�n� �4�5� �s�e�c�o�n�d�s�.� �T�h�e� �l�a�s�t� �p�a�g�e� 

�c�o�n�s�i�s�t�s� �o�f� �t�h�e� �w�o�r�d�s� �o�n� �t�h�e� �f�i�r�s�t� �p�a�g�e� �p�r�i�n�t�e�d� �i�n� �t�h�e� 

�c�o�l�o�r�s� �o�n� �t�h�e� �s�e�c�o�n�d�.� �p�a�g�e�,� �w�i�t�h� �t�h�e� �c�a�v�e�a�t� �t�h�a�t� �n�o� �w�o�r�d� �b�e
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�p�r�i�n�t�e�d� �i�n� �t�h�e� �c�o�l�o�r� �i�t� �r�e�p�r�e�s�e�n�t�s� �(�e�.�g�.� �r�e�d� �c�o�u�l�d� �b�e� 

�p�r�i�n�t�e�d� �i�n� �b�l�u�e�,� �b�u�t� �n�o�t� �r�e�d� �i�n�k�)�.� �O�n� �t�h�i�s� �p�a�g�e�,� �s�u�b�j�e�c�t�s� 

�w�e�r�e� �r�e�q�u�e�s�t�e�d� �t�o� �n�a�m�e� �t�h�e� �c�o�l�o�r� �o�f� �i�n�k� �t�h�a�t� �t�h�e� �w�o�r�d� �w�a�s� 

�p�r�i�n�t�e�d� �i�n�,� �r�a�t�h�e�r� �t�h�a�n� �r�e�a�d�i�n�g� �t�h�e� �a�c�t�u�a�l� �w�o�r�d�.� 

�S�c�o�r�i�n�g�.� �T�h�r�e�e� �r�a�w� �s�c�o�r�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d�;� �a� �w�o�r�d� 

�r�e�a�d�i�n�g� �s�c�o�r�e� �(�t�h�e� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �c�o�m�p�l�e�t�e�d� �i�n� �4�5� �s�e�c�o�n�d�s� 

�o�n� �p�a�g�e� �1�)�,� �a� �c�o�l�o�r� �n�a�m�i�n�g� �s�c�o�r�e� �(�t�h�e� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� 

�c�o�m�p�l�e�t�e�d� �i�n� �4�5� �s�e�c�o�n�d�s� �o�n� �p�a�g�e� �2�)� �a�n�d� �a� �c�o�l�o�r�-�w�o�r�d� �n�a�m�i�n�g� 

�s�c�o�r�e� �(�t�h�e� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �c�o�m�p�l�e�t�e�d� �i�n� �4�5� �s�e�c�o�n�d�s� �o�n� �P�a�g�e� 

�3�)�.� �S�e�e� �A�p�p�e�n�d�i�x� �N�.� 

�R�i�g�h�t� �H�e�m�i�s�p�h�e�r�e� �V�a�r�i�a�b�l�e�s� 

�A�f�f�e�c�t� �E�x�p�r�e�s�s�i�o�n� 

�P�r�o�c�e�d�u�r�e�.� �M�o�d�e�l�e�d� �a�f�t�e�r� �B�o�r�o�d� �e�t� �a�l�.� �(�1�9�8�6�)�,� �s�u�b�j�e�c�t�s� 

�w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �p�o�s�e� �s�e�v�e�n� �e�m�o�t�i�o�n�a�l� �f�a�c�e�s�;� �h�a�p�p�y�,� 

�i�n�t�e�r�e�s�t�e�d�,� �s�u�r�p�r�i�s�e�,� �a�n�g�r�y�,� �s�a�d�,� �f�e�a�r�,� �a�n�d� �d�i�s�g�u�s�t�.� �E�a�c�h� 

�f�a�c�e� �w�a�s� �g�e�n�e�r�a�t�e�d� �t�w�i�c�e�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �p�o�s�e� 

�t�h�e� �f�a�c�e� �a�s� �i�n�t�e�n�s�e�l�y� �a�n�d� �a�c�c�u�r�a�t�e�l�y� �a�s� �p�o�s�s�i�b�l�e�.� �E�a�c�h� �f�a�c�e� 

�w�a�s� �p�o�s�e�d�,� �h�e�l�d� �f�o�r� �f�i�v�e� �s�e�c�o�n�d�s�,� �a�n�d� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �t�h�e� 

�s�u�b�s�e�q�u�e�n�t� �f�a�c�e� �b�y� �t�e�n� �s�e�c�o�n�d�s�.� �T�h�r�e�e� �p�s�e�u�d�o�r�a�n�d�o�m�i�z�e�d� 

�o�r�d�e�r�s� �o�f� �f�a�c�e�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �s�u�c�h� �t�h�a�t� �n�o� �m�o�r�e� �t�h�a�n� �t�w�o� 

�p�o�s�i�t�i�v�e� �o�r� �n�e�g�a�t�i�v�e� �f�a�c�e�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �s�e�q�u�e�n�c�e�.� �A� 

�p�r�a�c�t�i�c�e� �t�r�i�a�l� �i�n�c�l�u�d�i�n�g� �e�a�c�h� �f�a�c�e� �f�a�m�i�l�i�a�r�i�z�e�d� �s�u�b�j�e�c�t�s� 

�w�i�t�h� �t�h�e� �p�r�o�t�o�c�o�l�.� �T�e�s�t�i�n�g� �w�a�s� �c�o�m�p�l�e�t�e�d� �i�n� �a� �s�o�u�n�d�-� 

�a�t�t�e�n�u�a�t�e�d� �c�h�a�m�b�e�r� �w�h�e�r�e� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �s�e�a�t�e�d� �i�n�a� 

�c�o�m�f�o�r�t�a�b�l�e� �c�h�a�i�r� �a�n�d� �t�h�e� �w�a�s� �e�x�p�e�r�i�m�e�n�t�e�r� �s�t�a�t�i�o�n�e�d� �b�e�h�i�n�d
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�a� �o�n�e�-�w�a�y� �m�i�r�r�o�r�.� �S�u�b�j�e�c�t�s� �f�a�c�e�d� �t�h�e� �o�n�e�-�w�a�y� �m�i�r�r�o�r� �a�n�d�,� �t�o� 

�r�e�d�u�c�e� �e�x�t�r�a�n�e�o�u�s� �s�t�i�m�u�l�i� �a�n�d� �n�o�i�s�e�,� �a� �w�h�i�t�e� �c�u�r�t�a�i�n� �w�a�s� 

�h�u�n�g� �o�n� �a�l�l� �s�i�d�e�s� �o�f� �t�h�e� �c�h�a�i�r�.� �A� �s�m�a�l�l� �h�o�l�e� �i�n� �t�h�e� 

�c�u�r�t�a�i�n�,� �n�o�t� �i�n� �t�h�e� �s�u�b�j�e�c�t�'�s� �s�i�g�h�t� �l�i�n�e�,� �a�l�l�o�w�e�d� 

�v�i�d�e�o�t�a�p�i�n�g�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �l�e�d� �t�h�r�o�u�g�h� �t�h�e� �a�f�f�e�c�t� 

�e�x�p�r�e�s�s�i�o�n� �p�r�o�t�o�c�o�l� �a�n�d� �p�r�o�c�e�e�d�i�n�g�s� �w�e�r�e� �v�i�d�e�o�t�a�p�e�d� �w�i�t�h� �a� 

�P�a�n�a�s�o�n�i�c� �W�V�-�C�D�2�0� �C�C�T�V� �c�a�m�e�r�a� �w�i�t�h� �a� �P�a�n�a�s�o�n�i�c� �W�V�-�L�A�8�B� �l�e�n�s�.� 

�S�e�e� �A�p�p�e�n�d�i�x� �H�.� 

�S�c�o�r�i�n�g�.� �S�c�o�r�i�n�g� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �a�l�s�o� �b�a�s�e�d� �o�n� 

�r�e�s�e�a�r�c�h� �b�y� �B�o�r�o�d� �e�t� �a�l�.�,� �(�1�9�8�6�)�.� �V�i�d�e�o�t�a�p�e�d� �f�a�c�e�s� 

�g�e�n�e�r�a�t�e�d� �b�y� �e�a�c�h� �s�u�b�j�e�c�t� �w�e�r�e� �s�c�o�r�e�d� �b�y� �t�w�o� �j�u�d�g�e�s�,� �b�l�i�n�d� 

�t�o� �e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p�,� �o�n� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y�.� �A� �t�o�t�a�l� 

�o�f� �1�4� �f�a�c�e�s� �(�2� �o�f� �e�a�c�h� �a�f�f�e�c�t�)� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �b�y� �e�a�c�h� 

�s�u�b�j�e�c�t�.� �R�a�t�e�r�s� �w�e�r�e� �b�l�i�n�d� �a�s� �t�o� �w�h�i�c�h� �a�f�f�e�c�t�i�v�e� �f�a�c�e� �t�h�e� 

�s�u�b�j�e�c�t� �h�a�d� �b�e�e�n� �i�n�s�t�r�u�c�t�e�d� �t�o� �p�r�o�d�u�c�e�.� �F�o�r� �e�a�c�h� �r�a�t�e�r�,� 

�a�c�c�u�r�a�c�y� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�o�r�r�e�c�t� �d�e�c�i�s�i�o�n�s� 

�r�e�g�a�r�d�i�n�g� �w�h�i�c�h� �f�a�c�e� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �i�n�s�t�r�u�c�t�e�d� �t�o� �m�a�k�e�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �i�f� �t�h�e� �r�a�t�e�r� �c�o�r�r�e�c�t�l�y� �i�d�e�n�t�i�f�i�e�d� �7� �o�f� �1�4� 

�f�a�c�e�s�,� �t�h�e� �a�c�c�u�r�a�c�y� �s�c�o�r�e� �w�a�s� �5�0�%�.� �I�n�t�e�n�s�i�t�y� �w�a�s� �a�s�s�e�s�s�e�d� 

�o�n� �a� �f�i�v�e�-�p�o�i�n�t� �L�i�k�e�r�t� �s�c�a�l�e� �f�o�r� �e�a�c�h� �f�a�c�e�,� �r�a�n�g�i�n�g� �f�r�o�m� �"�N�o� 

�I�n�t�e�n�s�i�t�y�-�-�F�l�a�t�"� �t�o� �"�E�x�t�r�e�m�e�l�y� �I�n�t�e�n�s�e�"�,� �a�n�d� �a�v�e�r�a�g�e�d� �a�c�r�o�s�s� 

�a�l�l� �f�a�c�e�s� �f�o�r� �e�a�c�h� �s�u�b�j�e�c�t�.� �T�h�e� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y� 

�s�c�o�r�e�s� �w�e�r�e� �a�v�e�r�a�g�e�d� �a�c�r�o�s�s� �r�a�t�e�r�s�.� �R�a�t�e�r�s� �d�e�m�o�n�s�t�r�a�t�e�d� 

�a�d�e�q�u�a�t�e� �r�e�l�i�a�b�i�l�i�t�y� �o�n� �p�i�l�o�t� �s�u�b�j�e�c�t�s� �a�n�d� �E�k�m�a�n�'�s� �P�i�c�t�u�r�e�s� 

�o�f� �F�a�c�i�a�l� �A�f�f�e�c�t� �(�E�k�m�a�n�,� �1�9�7�6�)�.� �S�e�e� �A�p�p�e�n�d�i�x� �I�.



�3�4� 

�R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� �T�e�s�t� 

�P�r�o�c�e�d�u�r�e�.� �T�h�e� �R�F�T�T� �c�o�n�s�i�s�t�s� �o�f� �f�i�v�e� �p�a�r�t�s�,� �e�a�c�h� 

�c�o�n�t�a�i�n�i�n�g� �d�i�f�f�e�r�e�n�t� �s�t�i�m�u�l�u�s� �p�r�e�s�e�n�t�a�t�i�o�n�s� �(�i�.�e�.� �d�o�t� 

�m�a�t�r�i�c�e�s�)�.� �I�n� �e�a�c�h� �p�a�r�t�,� �t�h�e� �i�d�e�n�t�i�c�a�l� �3�5� �d�o�t� �m�a�t�r�i�c�e�s� �a�r�e� 

�a�r�r�a�n�g�e�d� �i�n� �a�5� �X� �7� �a�r�r�a�y�.� �T�h�r�e�e� �s�a�m�p�l�e�s� �o�f� �t�h�e� �s�t�i�m�u�l�i� �f�o�r� 

�e�a�c�h� �p�a�r�t� �a�r�e� �d�i�s�p�l�a�y�e�d� �t�o� �a�l�l�o�w� �p�r�a�c�t�i�c�e� �t�r�i�a�l�s�.� �S�u�b�j�e�c�t�s� 

�w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �c�o�n�n�e�c�t� �t�h�e� �d�o�t�s� �i�n� �a�s� �m�a�n�y� �u�n�i�q�u�e� �w�a�y�s� 

�a�S� �p�o�s�s�i�b�l�e� �w�i�t�h�i�n� �a� �s�e�t� �t�i�m�e� �p�e�r�i�o�d�.� �S�e�e� �A�p�p�e�n�d�i�x� �M�.� 

�S�c�o�r�i�n�g�.� �T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �u�n�i�q�u�e� �d�e�s�i�g�n�s� �w�e�r�e� 

�t�a�l�l�i�e�d� �a�s� �w�e�l�l� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �p�e�r�s�e�v�e�r�a�t�i�o�n�s� �(�i�.�e�.� 

�r�e�p�e�t�i�t�i�o�n�s� �o�f� �t�h�e� �s�a�m�e� �d�e�s�i�g�n� �w�i�t�h�i�n� �a� �s�i�n�g�l�e� �t�e�s�t� �s�h�e�e�t�)�.� 

�A�c�c�u�r�a�c�y� �o�f� �s�c�o�r�i�n�g� �w�a�s� �e�n�s�u�r�e�d� �b�y� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �c�h�e�c�k�i�n�g� 

�e�a�c�h� �d�e�s�i�g�n� �a�g�a�i�n�s�t� �t�h�e� �r�e�m�a�i�n�i�n�g� �p�r�o�d�u�c�t�i�o�n�s�.� �T�w�o� �s�c�o�r�e�s� 

�w�e�r�e� �m�a�r�k�e�d� �i�n� �t�h�e� �m�a�r�g�i�n� �o�f� �e�a�c�h� �t�e�s�t� �s�h�e�e�t�;� �f�o�r� �e�x�a�m�p�l�e� 

�1�5�/�2� �w�o�u�l�d� �i�n�d�i�c�a�t�e� �1�5� �u�n�i�q�u�e� �d�e�s�i�g�n�s� �a�n�d� �t�w�o� �p�e�r�s�e�v�e�r�a�t�i�o�n�s� 

�o�n� �a� �g�i�v�e�n� �p�a�g�e�.� �N�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �w�a�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 

�u�n�i�q�u�e� �d�e�s�i�g�n�s� �g�e�n�e�r�a�t�e�d� �a�c�r�o�s�s� �t�h�e� �f�i�v�e� �p�a�r�t�s� �m�i�n�u�s� �t�h�e� 

�n�u�m�b�e�r� �o�f� �p�e�r�s�e�v�e�r�a�t�i�o�n�s� �o�r� �r�e�p�e�a�t�e�d� �d�e�s�i�g�n�s� �w�i�t�h�i�n� �e�a�c�h� 

�p�a�r�t�.� 

�M�o�t�o�r� �V�a�r�i�a�b�l�e�s� 

�D�y�n�a�m�o�m�e�t�e�r� 

�P�r�o�c�e�d�u�r�e�.� �F�u�l�l� �o�r� �m�a�x�i�m�u�m� �g�r�i�p� �s�t�r�e�n�g�t�h� �w�a�s� �a�s�s�e�s�s�e�d� 

�f�o�r� �e�a�c�h� �h�a�n�d� �b�y� �a�s�k�i�n�g� �s�u�b�j�e�c�t�s� �t�o� �s�q�u�e�e�z�e� �t�h�e� �d�y�n�a�m�o�m�e�t�e�r� 

�a�s� �h�a�r�d� �a�s� �p�o�s�s�i�b�l�e� �u�s�i�n�g� �a�n� �o�v�e�r�h�a�n�d� �g�r�i�p�.� �T�o� �a�s�s�e�s�s� 

�p�e�r�s�e�v�e�r�a�t�i�o�n�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �n�e�x�t� �i�n�s�t�r�u�c�t�e�d� �t�o� �s�q�u�e�e�z�e� �t�h�e
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�d�y�n�a�m�o�m�e�t�e�r� �a�g�a�i�n� �w�i�t�h� �t�h�e� �s�a�m�e� �h�a�n�d�,� �b�u�t� �j�u�s�t� �h�a�l�f� �a�s� �h�a�r�d� 

�a�s� �t�h�e�y� �s�q�u�e�e�z�e�d� �i�t� �t�h�e� �f�i�r�s�t� �t�i�m�e�.� �T�h�e� �f�u�l�l� �a�n�d� �h�a�l�f�-�g�r�i�p� 

�s�t�r�e�n�g�t�h� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �t�h�e�n� �r�e�p�e�a�t�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �h�a�n�d�.� 

�F�u�l�l� �h�a�n�d�-�g�r�i�p� �s�t�r�e�n�g�t�h� �f�a�t�i�g�u�e� �w�a�s� �a�s�s�e�s�s�e�d� �f�o�r� �e�a�c�h� �h�a�n�d� 

�b�y� �h�a�v�i�n�g� �s�u�b�j�e�c�t� �s�q�u�e�e�z�e� �t�h�e� �d�e�v�i�c�e� �a�s� �h�a�r�d� �a�s� �p�o�s�s�i�b�l�e�,� 

�u�s�i�n�g� �a�n� �o�v�e�r�h�a�n�d� �g�r�i�p�,� �f�i�v�e� �c�o�n�s�e�c�u�t�i�v�e� �t�i�m�e�s�.� �T�h�i�s� 

�p�r�o�c�e�d�u�r�e� �w�a�s� �t�h�e�n� �r�e�p�e�a�t�e�d� �f�o�r� �t�h�e� �o�t�h�e�r� �h�a�n�d�.� �F�o�r� �a�l�l� 

�h�a�n�d�-�g�r�i�p� �t�r�i�a�l�s�,� �s�t�r�e�n�g�t�h� �w�a�s� �r�e�c�o�r�d�e�d� �i�n� �k�i�l�o�g�r�a�m�s� �a�n�d� �t�h�e� 

�d�y�n�a�m�o�m�e�t�e�r�'�s� �r�e�c�o�r�d�i�n�g� �n�e�e�d�l�e� �w�a�s� �r�e�s�e�t� �t�o� �z�e�r�o� �a�f�t�e�r� �e�a�c�h� 

�t�r�i�a�l�.� �T�h�e� �d�e�v�i�c�e�'�s� �s�c�a�l�e� �w�a�s� �a�l�w�a�y�s� �t�u�r�n�e�d� �a�w�a�y� �f�r�o�m� 

�s�u�b�j�e�c�t� �t�o� �p�r�e�v�e�n�t� �t�h�e�m� �f�r�o�m� �r�e�c�e�i�v�i�n�g� �f�e�e�d�b�a�c�k� �o�n� �t�h�e�i�r� 

�p�e�r�f�o�r�m�a�n�c�e�.� �H�a�n�d�-�t�e�s�t�i�n�g� �o�r�d�e�r� �w�a�s� �c�o�u�n�t�e�r�b�a�l�a�n�c�e�d� �a�c�r�o�s�s� 

�s�u�b�j�e�c�t�s�.� 

�S�c�o�r�i�n�g�.� �T�w�o� �m�e�a�s�u�r�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �e�a�c�h� �h�a�n�d�;� �a� 

�p�e�r�c�e�n�t� �c�h�a�n�g�e� �o�r� �p�e�r�s�e�v�e�r�a�t�i�o�n� �s�c�o�r�e� �f�r�o�m� �t�h�e� �f�i�r�s�t� �t�a�s�k� 

�a�n�d� �a� �s�t�r�e�n�g�t�h� �s�c�o�r�e� �f�o�r� �t�h�e� �s�e�c�o�n�d� �t�a�s�k�.� �T�h�e� �p�e�r�s�e�v�e�r�a�t�i�o�n� 

�s�c�o�r�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m�u�l�a� �w�h�e�r�e� �"�H�a�r�d�"� 

�d�e�n�o�t�e�s� �t�h�e� �f�u�l�l�-�g�r�i�p� �s�t�r�e�n�g�t�h� �a�n�d� �"�H�a�l�f�"� �d�e�n�o�t�e�s� �t�h�e� �h�a�l�f�-� 

�g�r�i�p� �s�t�r�e�n�g�t�h�:� 

�%� �C�H�A�N�G�E� �=� �H�A�R�D� �-� �H�A�L�F� 
�X� �1�0�0� 

� � 

�H�A�R�D� 

�I�f� �t�h�e� �h�a�l�f� �e�s�t�i�m�a�t�e� �i�s� �a�c�c�u�r�a�t�e�,� �t�h�e� �p�e�r�c�e�n�t� �c�h�a�n�g�e� �s�c�o�r�e� 

�e�q�u�a�l�s� �5�0�.� �I�f� �t�h�e� �p�e�r�c�e�n�t� �c�h�a�n�g�e� �s�c�o�r�e� �i�s� �l�e�s�s� �t�h�a�n� �5�0�,� �i�t� 

�r�e�f�l�e�c�t�s� �p�e�r�s�e�v�e�r�a�t�i�o�n�;� �l�o�w�e�r� �v�a�l�u�e�s� �i�n�d�i�c�a�t�e� �h�e�i�g�h�t�e�n�e�d
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�p�e�r�s�e�v�e�r�a�t�i�o�n� �o�r� �a�n� �i�n�a�b�i�l�i�t�y� �t�o� �p�r�e�c�i�s�e�l�y� �s�t�o�p� �o�r� �i�n�h�i�b�i�t� 

�r�e�s�p�o�n�d�i�n�g�.� �T�h�e� �p�e�r�s�e�v�e�r�a�t�i�o�n� �s�c�o�r�e� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� �a� 

�p�e�r�c�e�n�t�a�g�e�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �t�w�o� �m�e�a�s�u�r�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� 

�d�y�n�a�m�o�m�e�t�e�r� �t�a�s�k�;� �s�t�r�e�n�g�t�h�,� �t�h�e� �a�v�e�r�a�g�e� �g�r�i�p� �s�t�r�e�n�g�t�h� �a�c�r�o�s�s� 

�t�h�e� �f�i�v�e� �t�r�i�a�l�s�,� �a�n�d� �f�a�t�i�g�u�e�,� �t�h�e� �s�t�r�e�n�g�t�h� �d�e�c�r�e�a�s�e� �a�c�r�o�s�s� 

�t�h�e� �f�i�v�e� �t�r�i�a�l�s�.� �T�h�i�s� �l�a�t�e�r� �m�e�a�s�u�r�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� 

�s�u�b�t�r�a�c�t�i�n�g� �t�h�e� �g�r�i�p� �s�t�r�e�n�g�t�h� �a�t� �T�r�i�a�l� �5� �f�r�o�m� �t�h�e� �g�r�i�p� 

�s�t�r�e�n�g�t�h� �a�t� �T�r�i�a�l� �1�.� �S�e�e� �A�p�p�e�n�d�i�x� �L�.� 

�F�i�n�g�e�r� �T�a�p�p�i�n�g� 

�P�r�o�c�e�d�u�r�e�.� �E�a�c�h� �h�a�n�d� �w�a�s� �t�e�s�t� �s�e�p�a�r�a�t�e�l�y� �i�n� �f�i�v�e� �1�0�-� 

�s�e�c�o�n�d� �t�r�i�a�l�s�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �u�s�e� �o�n�l�y� �t�h�e�i�r� 

�i�n�d�e�x� �f�i�n�g�e�r� �a�n�d� �t�o� �k�e�e�p� �t�h�e�i�r� �w�r�i�s�t� �d�o�w�n� �o�n� �t�h�e� �t�a�p�p�i�n�g� 

�b�o�a�r�d�.� �A� �p�r�a�c�t�i�c�e� �t�r�i�a�l� �w�a�s� �c�o�m�p�l�e�t�e�d� �f�o�r� �e�a�c�h� �h�a�n�d�.� �H�a�n�d� 

�t�e�s�t�i�n�g� �o�r�d�e�r� �w�a�s� �c�o�u�n�t�e�r�b�a�l�a�n�c�e�d� �a�c�r�o�s�s� �s�u�b�j�e�c�t�s�.� �S�e�e� 

�A�p�p�e�n�d�i�x� �K�.� 

�S�c�o�r�i�n�g�.� �T�w�o� �m�e�a�s�u�r�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �e�a�c�h� �h�a�n�d�:� 

�m�a�n�u�a�l� �d�e�x�t�e�r�i�t�y� �(�i�.�e�.� �t�h�e� �a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �t�a�p�s� �a�c�r�o�s�s� �t�h�e� 

�f�i�v�e� �t�r�i�a�l�s�)�,� �a�n�d� �f�a�t�i�g�u�e� �(�i�.�e�.� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� 

�o�f� �t�a�p�s� �f�r�o�m� �T�r�i�a�l� �1� �t�o� �T�r�i�a�l� �5�)�.� �T�h�i�s� �f�i�n�a�l� �m�e�a�s�u�r�e� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �b�y� �s�u�b�t�r�a�c�t�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �t�a�p�s� �i�n� �T�r�i�a�l� �5� �f�r�o�m� 

�t�h�e� �n�u�m�b�e�r� �o�f� �t�a�p�s� �i�n� �T�r�i�a�l� �1�.



�T�a�b�l�e� �1� 

�S�u�m�m�a�r�y� �o�f� �A�l�l� �V�a�r�i�a�b�l�e�s� 

�L�e�f�t� �H�e�m�i�s�p�h�e�r�e� 

�T�r�a�i�l�s� �P�a�r�t� �A� 

�T�r�a�i�l�s� �P�a�r�t� �B� 

�S�t�r�o�o�p� �W�o�r�d� 

�S�t�r�o�o�p� �C�o�l�o�r� 

�S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� 

�R�i�g�h�t� �H�e�m�i�s�p�h�e�r�e� 

�F�a�c�i�a�l� �A�c�c�u�r�a�c�y� 

�F�a�c�i�a�l� �I�n�t�e�n�s�i�t�y� 

�R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� 

�T�e�s�t� 
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�M�o�t�o�r� �T�a�s�k�s� 

�D�y�n�a�m�o�m�e�t�e�r� 

�A�.� �S�t�r�e�n�g�t�h� 

�B�.� �F�a�t�i�g�u�e� 

�C�.� �P�e�r�s�e�v�e�r�.� 

�F�i�n�g�e�r� �T�a�p�p�i�n�g� 

�A�.� �S�t�r�e�n�g�t�h� 

�B�.� �F�a�t�i�g�u�e� 

� � 

�N�o�t�e�:� �P�e�r�s�e�v�e�r�.� 
� � 

�N�o�t�e�:� �M�o�t�o�r� �t�a�s�k�s� �w�e�r�e� �i�n�d�e�p�e�n�d�e�n�t�l�y� 
� � 

�h�a�n�d�.� 

�=� �P�e�r�s�e�v�e�r�a�t�i�o�n�.� 

�c�o�m�p�l�e�t�e�d� �f�o�r� �e�a�c�h



�T�a�b�l�e� �2� 
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�D�e�s�c�r�i�p�t�i�o�n� �o�f� �L�e�f�t� �a�n�d� �R�i�g�h�t� �H�e�m�i�s�p�h�e�r�e� �V�a�r�i�a�b�l�e�s� 

� � 

�V�a�r�i�a�b�l�e� �M�e�a�s�u�r�e� 

�T�r�a�i�l�s� �A� �T�i�m�e� �i�n� �s�e�c�s�.� �t�o� �c�o�m�p�l�e�t�e� 

�T�r�a�i�l�s� �B� �T�i�m�e� �i�n� �s�e�c�s�.� �t�o� �c�o�m�p�l�e�t�e� 

�S�t�r�o�o�p� �W�o�r�d� 

�S�t�r�o�o�p� �C�o�l�o�r� 

�S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� 

�R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� 

�F�a�c�i�a�l� �A�c�c�u�r�a�c�y� 

�F�a�c�i�a�l� �I�n�t�e�n�s�i�t�y� 

�N�u�m�b�e�r� 

�N�u�m�b�e�r� 

�N�u�m�b�e�r� 

�N�u�m�b�e�r� 

�o�f� 

�o�f� 

�o�f� 

�o�f� 

�i�t�e�m�s� �c�o�m�p�l�e�t�e�d� 

�i�t�e�m�s� �c�o�m�p�l�e�t�e�d� 

�i�t�e�m�s� �c�o�m�p�l�e�t�e�d� 

�u�n�i�q�u�e� �i�t�e�m�s� �g�e�n�e�r�a�t�e�d� 

�A�c�c�u�r�a�c�y� �a�v�e�r�a�g�e�d� �a�c�r�o�s�s� �1�4� �f�a�c�e�s� 

�a�n�d� �2� �r�a�t�e�r�s�,� �e�x�p�r�e�s�s�e�d� �a�s� �a� 

�p�e�r�c�e�n�t�a�g�e� 

�I�n�t�e�n�s�i�t�y� �a�v�e�r�a�g�e�d� �a�c�r�o�s�s� �1�4� �f�a�c�e�s� 

�a�n�d� �2� �r�a�t�e�r�s�,� �b�a�s�e�d� �o�n� �a� �5�-�p�o�i�n�t� 

�L�i�k�e�r�t� �s�c�a�l�e� 

� 



�3�9� 

�T�a�b�l�e� �3� 

�S�u�m�m�a�r�y� �o�f� �M�o�t�o�r� �V�a�r�i�a�b�l�e�s� 

�V�a�r�i�a�b�l�e� �A�b�b�r�e�v�i�a�t�i�o�n� �F�o�r�m�u�l�a� 

�A�v�e�.� �n�u�m�b�e�r� �o�f� 

� � 

� � 

�f�i�n�g�e�r� �t�a�p�s� �a�c�r�o�s�s� �F�T�A�V�E� �T�r� �J�.�.�.� �+�.�.� �T�r� �5� 

�5� �t�r�i�a�l�s� �(�T�r�)� �5� 

�F�i�n�g�e�r� �t�a�p�p�i�n�g� �c�h�a�n�g�e� �F�T�C�H�G� �T�a�p�s� �o�n� �T�r�l� �-� 

�a�c�r�o�s�s� �5� �t�r�i�a�l�s� �T�a�p�s� �o�n� �T�r�5� 

�A�v�e�r�a�g�e� �s�t�r�e�n�g�t�h� �i�n� �D�Y�N�O�A�V�E� �T�r�i� �+�.�.�.� �T�r�5� 

�K�g�s�.� �a�c�r�o�s�s� �5� �t�r�i�a�l�s� �5� 

�D�y�n�a�m�o�m�e�t�e�r� �c�h�a�n�g�e� �D�Y�N�O�C�H�G� �K�g�s�.� �o�n� �T�r�i�-� 

�a�c�r�o�s�s� �5� �t�r�i�a�l�s� �K�g�s�.� �o�n� �T�r�5� 

�P�e�r�s�e�v�e�r�a�t�i�o�n� �f�o�r� �D�Y�N�O�P�E�R� �T�r�i� �-� �T�r�2� �X� �1�0�0� 

�h�a�l�f�-�a�s�-�h�a�r�d� �g�r�i�p� �T�r�l� 

� � 

�N�o�t�e�:� �T�h�e� �p�e�r�s�e�v�e�r�a�t�i�o�n� �s�c�o�r�e� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� �a� �p�e�r�c�e�n�t�a�g�e�.� 

� � 

�N�o�t�e�:� �T�r� �=� �T�r�i�a�l�.� 
� � 

�N�o�t�e�:� �M�o�t�o�r� �t�a�s�k�s� �w�e�r�e� �i�n�d�e�p�e�n�d�e�n�t�l�y� �c�o�m�p�l�e�t�e�d� �f�o�r� �e�a�c�h� 
� 



�4�0� 

�R�E�S�U�L�T�S� 

�S�a�m�p�l�e� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�A� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �m�a�l�e� �u�n�d�e�r�g�r�a�d�u�a�t�e�s� �(�N� �=� �1�6�9�)� �w�e�r�e� 

�e�v�a�l�u�a�t�e�d� �i�n� �s�e�v�e�r�a�l� �s�c�r�e�e�n�i�n�g� �s�e�s�s�i�o�n�s�,� �e�a�c�h� �w�i�t�h� �b�e�t�w�e�e�n� 

�2�0� �a�n�d� �3�0� �s�u�b�j�e�c�t�s�.� �F�i�v�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �e�x�c�l�u�d�e�d� �b�e�c�a�u�s�e� 

�t�h�e�y� �h�a�d� �b�e�e�n� �d�i�a�g�n�o�s�e�d� �w�i�t�h� �a� �l�e�a�r�n�i�n�g� �d�i�s�a�b�i�l�i�t�y�,� �a�n�d� �o�n�e� 

�s�u�b�j�e�c�t� �w�a�s� �e�x�c�l�u�d�e�d� �d�u�e� �t�o� �a� �h�i�s�t�o�r�y� �o�f� �c�l�o�s�e�d� �h�e�a�d� �i�n�j�u�r�y�.� 

�V�e�r�b�a�l� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �s�c�o�r�e�s� �w�e�r�e� �t�a�l�l�i�e�d� �f�o�r� �e�a�c�h� 

�s�u�b�j�e�c�t�,� �a�n�d� �c�o�m�p�a�r�e�d� �w�i�t�h� �e�m�p�i�r�i�c�a�l�l�y� �d�e�r�i�v�e�d� �c�u�t�-�o�f�f�s� �(�a�t� 

�t�h�e� �3�3�r�d� �a�n�d� �6�7�t�h� �p�e�r�c�e�n�t�i�l�e�s�)� �d�e�v�e�l�o�p�e�d� �o�n� �a� �c�o�m�p�a�r�a�b�l�e� 

�s�a�m�p�l�e� �o�f� �u�n�d�e�r�g�r�a�d�u�a�t�e�s�,� �s�e�e� �A�p�p�e�n�d�i�x� �G�.� �S�i�x�t�y� �s�u�b�j�e�c�t�s�,� 

�f�i�f�t�e�e�n� �p�e�r� �e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p�,� �c�o�m�p�r�i�s�e�d� �e�a�c�h� �o�f� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �g�r�o�u�p�s�;� �H�i�g�h� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�,� �H�i�g�h� 

�V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�,� �L�o�w� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�,� �a�n�d� �L�o�w� 

�V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� 

�A�S� �a� �m�a�n�i�p�u�l�a�t�i�o�n� �c�h�e�c�k�,� �a� �s�e�r�i�e�s� �o�f� �t�-�t�e�s�t�s� �w�e�r�e� 

�c�o�m�p�l�e�t�e�d� �o�n� �b�o�t�h� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �a�c�r�o�s�s� �g�r�o�u�p�s�.� �V�e�r�b�a�l�l�y� 

�f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �s�c�o�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �o�n� �t�h�e� 

�C�o�n�t�r�o�l�l�e�d� �O�r�a�l� �W�o�r�d� �A�s�s�o�c�i�a�t�i�o�n� �T�e�s�t� �(�C�O�W�A�T�)� �t�h�a�n� �v�e�r�b�a�l�l�y� 

�n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�,� �t� �(�5�8�)� �=� �1�2�.�6�2�,� �p�<�.�0�0�0�1�,� �b�u�t� �t�h�e�r�e� �w�a�s� 

�n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �o�n� �t�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t� �(�D�F�T�)�,� 

�t� �(�5�8�)� �=� �.�1�4�,� �n�.�s�.�.� �C�o�n�v�e�r�s�e�l�y�,� �n�o�n�v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� 

�p�e�r�f�o�r�m�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �o�n� �t�h�e� �D�F�T�,� �t� �(�5�8�)� �=� �1�5�.�1�2�,� 

�p�<�.�0�0�0�1�,� �t�h�a�n� �n�o�n�v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�,� �b�u�t� �t�h�e�r�e� �w�a�s� 

�n�o� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �o�n� �t�h�e� �C�O�W�A�T�,� �t� �(�5�8�)� �=� �.�7�9�,� �n�.�s�.�.



�4�1� 

�T�h�i�s� �m�a�n�i�p�u�l�a�t�i�o�n� �c�h�e�c�k� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �g�r�o�u�p�i�n�g� 

�p�r�o�c�e�d�u�r�e� �w�a�s� �e�f�f�e�c�t�i�v�e� �i�n� �d�i�s�c�r�i�m�i�n�a�t�i�n�g� �b�e�t�w�e�e�n� �t�h�e� 

�f�l�u�e�n�c�y� �s�c�o�r�e�s� �o�f� �t�h�e� �g�r�o�u�p�s�.� �S�e�e� �T�a�b�l�e� �4� �f�o�r� �m�e�a�n�s� �a�n�d� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �o�f� �t�h�e� �f�l�u�e�n�c�y� �v�a�r�i�a�b�l�e�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� 

�s�e�e� �T�a�b�l�e� �4� �f�o�r� �i�n�t�e�r�c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �f�l�u�e�n�c�y� 

�v�a�r�i�a�b�l�e�s�,� �a�n�d� �T�a�b�l�e� �5� �f�o�r� �c�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e�s�e� 

�v�a�r�i�a�b�l�e�s� �a�n�d� �a�l�l� �m�e�a�s�u�r�e�s� �e�m�p�l�o�y�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�p�p�r�o�a�c�h�e�s� 

�T�o� �m�a�x�i�m�i�z�e� �i�n�t�e�r�p�r�e�t�a�b�i�l�i�t�y�,� �t�w�o� �a�p�p�r�o�a�c�h�e�s� �t�o� �d�a�t�a� 

�a�n�a�l�y�s�e�s� �w�e�r�e� �e�m�p�l�o�y�e�d�.� �I�n� �t�h�e� �m�u�l�t�i�v�a�r�i�a�t�e� �a�n�a�l�y�s�e�s� �o�f� 

�v�a�r�i�a�n�c�e� �a�p�p�r�o�a�c�h� �(�M�A�N�O�V�A�)�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �f�i�r�s�t� �g�r�o�u�p�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �s�c�o�r�e�s� �o�n� �t�h�e� �c�r�i�t�e�r�i�a� �m�e�a�s�u�r�e�s� �o�f� �v�e�r�b�a�l� 

�a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �i�n�t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �g�r�o�u�p�s�;� �H�i�g�h� 

�V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�,� �H�i�g�h� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�,� �L�o�w� 

�V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�,� �L�o�w� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� �A� �s�e�r�i�e�s� 

�o�f� �2� �X� �2� �M�A�N�O�V�A�s� �w�i�t�h� �a�n� �a�l�p�h�a� �l�e�v�e�l� �o�f� �.�0�5� �w�e�r�e� �t�h�e�n� 

�p�e�r�f�o�r�m�e�d� �o�n� �t�e�s�t�s� �g�r�o�u�p�e�d� �b�y� �t�h�e� �c�o�g�n�i�t�i�v�e� �d�o�m�a�i�n� �t�h�e�y� �a�r�e� 

�p�u�r�p�o�r�t�e�d� �t�o� �m�e�a�s�u�r�e� �(�i�.�e�.� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e�,� �l�e�f�t� 

�h�e�m�i�s�p�h�e�r�e�,� �r�i�g�h�t�-�h�a�n�d� �m�o�t�o�r�,� �l�e�f�t� �h�a�n�d�-�m�o�t�o�r�)�.� �T�h�e� �f�a�c�t�o�r�s� 

�o�f� �e�a�c�h� �M�A�N�O�V�A� �w�e�r�e� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)�,� �n�o�n�v�e�r�b�a�l� 

�f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)� �a�n�d� �V�e�r�b�a�l� �F�l�u�e�n�c�y� �X� �N�o�n�v�e�r�b�a�l� 

�F�l�u�e�n�c�y�.� �I�f� �a� �M�A�N�O�V�A� �e�f�f�e�c�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �u�n�i�v�a�r�i�a�t�e� 

�a�n�a�l�y�s�e�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�S�)� �a�n�d� �p�o�s�t�-�h�o�c� �t�e�s�t�s� �w�i�t�h� �a�n� 

�a�l�p�h�a� �l�e�v�e�l� �o�f� �.�0�5� �w�e�r�e� �t�h�e�n� �e�x�a�m�i�n�e�d�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �w�a�s� 

�b�e�n�e�f�i�c�i�a�l� �b�e�c�a�u�s�e� �i�t� �g�r�o�u�p�e�d� �s�e�v�e�r�a�l� �v�a�r�i�a�b�l�e�s� �t�h�o�u�g�h�t� �t�o



�4�2� 

�t�a�p� �a� �s�p�e�c�i�f�i�c� �b�r�a�i�n� �r�e�g�i�o�n� �a�n�d� �e�v�a�l�u�a�t�e�d� �w�h�e�t�h�e�r� �t�h�e�y� 

�r�e�l�i�a�b�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �f�l�u�e�n�c�y� �g�r�o�u�p�s�.� 

�T�h�e�r�e� �a�r�e� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�i�s� �M�A�N�O�V�A� �a�p�p�r�o�a�c�h�.� 

�F�i�r�s�t�,� �b�e�c�a�u�s�e� �a�v�e�r�a�g�e� �o�r� �c�h�a�n�g�e� �s�c�o�r�e�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �f�o�r� 

�s�e�v�e�r�a�l� �v�a�r�i�a�b�l�e�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�t�a� �p�o�i�n�t�s� �i�s� �r�e�d�u�c�e�d� �a�n�d� 

�p�o�t�e�n�t�i�a�l�l�y� �i�n�f�o�r�m�a�t�i�v�e� �i�n�t�e�r�a�c�t�i�o�n�s� �m�a�y� �b�e� �m�i�s�s�e�d�.� �F�o�r� 

�i�n�s�t�a�n�c�e�,� �f�i�v�e� �t�r�i�a�l�s� �o�f� �f�i�n�g�e�r� �t�a�p�p�i�n�g� �w�e�r�e� �a�v�e�r�a�g�e�d� �i�n�t�o� �a� 

�s�i�n�g�l�e� �s�c�o�r�e�,� �w�h�i�l�e� �a�v�e�r�a�g�e�s� �a�c�r�o�s�s� �7� �d�i�f�f�e�r�e�n�t� �f�a�c�e�s� �a�n�d� �2� 

�t�r�i�a�l�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �f�o�r� �f�a�c�i�a�l� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y� 

�r�a�t�i�n�g�s�.� �S�i�m�i�l�a�r�l�y�,� �b�e�c�a�u�s�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �s�e�p�a�r�a�t�e�l�y� 

�c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �c�o�g�n�i�t�i�v�e� �m�e�a�s�u�r�e�s� 

�(�e�.�g�.� �T�r�a�i�l�-�M�a�k�i�n�g� �T�e�s�t� �P�a�r�t�s� �A� �a�n�d� �B�)�,� �p�o�t�e�n�t�i�a�l� 

�i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �a�n�d� �t�h�e�s�e� 

�c�o�m�p�o�n�e�n�t�s� �m�a�y� �b�e� �m�i�s�s�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �a�n�d� 

�n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �m�a�y� �p�e�r�f�o�r�m� �e�q�u�a�l�l�y� �o�n� �T�r�a�i�l�s� �A�,� �b�u�t� 

�v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �m�a�y� �b�e� �r�e�l�a�t�i�v�e�l�y� �m�o�r�e� �i�m�p�a�i�r�e�d� 

�o�n� �T�r�a�i�l�s� �B�.� �A�n�a�l�y�s�e�s� �o�f� �t�h�i�s� �t�y�p�e� �a�r�e� �o�f� �c�o�n�c�e�p�t�u�a�l� 

�i�n�t�e�r�e�s�t�,� �b�u�t� �c�a�n� �n�o�t� �b�e� �e�v�a�l�u�a�t�e�d� �o�n�l�y� �u�s�i�n�g� �t�h�e� �M�A�N�O�V�A� 

�f�a�c�t�o�r�s�.� �F�i�n�a�l�l�y�,� �t�h�e� �M�A�N�O�V�A� �a�p�p�r�o�a�c�h� �d�o�e�s� �n�o�t� �d�i�r�e�c�t�l�y� 

�c�o�m�p�a�r�e� �r�i�g�h�t� �v�e�r�s�u�s� �l�e�f�t� �h�a�n�d� �m�o�t�o�r� �p�e�r�f�o�r�m�a�n�c�e�,� �f�i�n�d�i�n�g�s� 

�w�h�i�c�h� �a�r�e� �o�f� �i�n�t�e�r�e�s�t�,� �p�a�r�t�i�c�u�l�a�r�l�y� �a�s� �t�h�e�y� �m�i�g�h�t� �r�e�l�a�t�e� �t�o� 

�t�h�e� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �a�n�d�/�o�r� �c�h�a�n�g�e� �a�c�r�o�s�s� �t�r�i�a�l�s�.� �O�v�e�r�a�l�l�,� 

�t�o� �g�u�a�r�d� �a�g�a�i�n�s�t� �n�e�g�l�e�c�t�i�n�g� �p�o�t�e�n�t�i�a�l�l�y� �i�n�f�o�r�m�a�t�i�v�e� 

�f�i�n�d�i�n�g�s�,� �a� �s�e�r�i�e�s� �o�f� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �u�n�i�v�a�r�i�a�t�e� �a�n�a�l�y�s�e�s� 

�o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�S�)� �w�e�r�e� �c�o�m�p�l�e�t�e�d� �f�o�r� �e�a�c�h� �v�a�r�i�a�b�l�e�.� �A�l�l



�4�3� 

�l�e�v�e�l�s� �o�f� �t�h�e� �v�a�r�i�a�b�l�e� �w�e�r�e� �i�n�c�l�u�d�e�d� �(�e�.�g�.� �T�r�i�a�l�s� �1� �t�h�r�o�u�g�h� 

�5� �o�f� �f�i�n�g�e�r� �t�a�p�p�i�n�g�,� �a�l�l� �7� �f�a�c�i�a�l� �a�f�f�e�c�t�s�,� �e�t�c�.�)�.� �F�o�r� �e�a�c�h� 

�A�N�O�V�A�,� �f�a�c�t�o�r�s� �i�n�c�l�u�d�e�d� �b�o�t�h� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s�,� �t�r�i�a�l�,� �a�n�d�,� 

�i�f� �n�e�c�e�s�s�a�r�y�,� �h�a�n�d�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �f�o�r� �t�h�e� �S�t�r�o�o�p� �C�o�l�o�r�-� 

�W�o�r�d� �t�e�s�t�,� �t�h�e� �f�a�c�t�o�r�s� �i�n�c�l�u�d�e�d� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� 

�l�o�w�)�,� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)�,� �a�n�d� �e�a�c�h� �c�o�m�p�o�n�e�n�t� 

�o�f� �t�h�e� �S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� �t�e�s�t� �(�W�o�r�d�,� �C�o�l�o�r�,� �a�n�d� �C�o�l�o�r�-�W�o�r�d�)�.� 

�T�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �w�a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �c�o�m�p�l�e�t�e�d� �i�n� 

�e�a�c�h� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �t�e�s�t�.� 

�M�u�l�t�i�v�a�r�i�a�t�e� �S�t�a�t�i�s�t�i�c�s� 

�L�e�f�t� �H�e�m�i�s�p�h�e�r�e� 

�A� �M�A�N�O�V�A� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �p�u�r�p�o�r�t�e�d� �l�e�f�t� �h�e�m�i�s�p�h�e�r�e� 

�t�a�s�k�s�,� �T�r�a�i�l�s� �A�,� �T�r�a�i�l�s� �B�,� �S�t�r�o�o�p�-�W�o�r�d�,� �S�t�r�o�o�p�-�C�o�l�o�r� �a�n�d� 

�S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d�,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �v�e�r�b�a�l� �f�l�u�e�n�c�y� 

�(�W�i�l�k�s�'� �L� �F� �=� �3�.�5�6�,� �p�<�.�0�0�8�)�.� �U�n�i�v�a�r�i�a�t�e� �A�N�O�V�A�S� �w�e�r�e� 

�s�i�g�n�i�f�i�c�a�n�t� �o�n� �a�l�l� �f�i�v�e� �m�e�a�s�u�r�e�s� �(�a�l�l� �p�s�<�.�0�1�9�)� �w�i�t�h� �v�e�r�b�a�l�l�y� 

�f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�i�n�g� �m�o�r�e� �q�u�i�c�k�l�y� �o�n� �b�o�t�h� �p�a�r�t�s� �o�f� �t�h�e� 

�T�r�a�i�l�-�M�a�k�i�n�g� �t�e�s�t�s� �a�n�d� �c�o�m�p�l�e�t�i�n�g� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �i�t�e�m�s� 

�o�n� �e�a�c�h� �p�a�r�t� �o�f� �t�h�e� �S�t�r�o�o�p� �t�e�s�t�.� �N�e�i�t�h�e�r� �t�h�e� �n�o�n�v�e�r�b�a�l� 

�f�l�u�e�n�c�y� �(�W�i�l�k�s�'� �L�F� �=� �1�.�4�3� �p�<�.�2�3�)� �n�o�r� �t�h�e� �V�e�r�b�a�l� �F�l�u�e�n�c�y� �X� 

�N�o�n�v�e�r�b�a�l� �F�l�u�e�n�c�y� �M�A�N�O�V�A� �e�f�f�e�c�t�s� �(�W�i�l�k�s�'� �L� �F� �=� �<�1�)� �w�e�r�e� 

�s�i�g�n�i�f�i�c�a�n�t�.� �S�e�e� �T�a�b�l�e� �7�.� 

�R�i�g�h�t� �H�e�m�i�s�p�h�e�r�e� 

�A� �M�A�N�O�V�A� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �p�u�r�p�o�r�t�e�d� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e� 

�t�a�s�k�s�,� �t�h�e� �R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� �T�e�s�t�,� �a�n�d� �t�h�e� �f�a�c�i�a�l
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�a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y� �m�e�a�s�u�r�e�s�,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �(�W�i�l�k�s�'� �L� �F� �=� �2�.�9�1�,� �p�<�.�0�4�)�.� �T�h�e� �o�n�l�y� 

�s�i�g�n�i�f�i�c�a�n�t� �u�n�i�v�a�r�i�a�t�e� �A�N�O�V�A� �w�a�s� �t�h�e� �R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� 

�T�e�s�t�,� �(�F� �=� �8�.�1�9�,� �p�<�.�0�0�6�)�,� �a�s� �n�o�n�v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� 

�g�e�n�e�r�a�t�e�d� �m�o�r�e� �d�e�s�i�g�n�s� �t�h�a�n� �n�o�n�v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�.� 

�N�e�i�t�h�e�r� �t�h�e� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�W�i�l�k�s�'� �L� �F� �=� �2�.�4�5�,� �p�<�.�0�7�)� �n�o�r� 

�t�h�e� �V�e�r�b�a�l� �F�l�u�e�n�c�y� �X� �N�o�n�v�e�r�b�a�l� �F�l�u�e�n�c�y� �M�A�N�O�V�A� �e�f�f�e�c�t�s� 

�(�W�i�l�k�s�'� �L�F� �=� �<�1�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� �S�e�e� �T�a�b�l�e� �8�.� 

�L�e�f�t�-�H�a�n�d� �M�o�t�o�r� 

�A� �M�A�N�O�V�A� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �l�e�f�t�-�h�a�n�d� �m�o�t�o�r� �t�a�s�k�s�;� 

�f�i�n�g�e�r� �t�a�p�p�i�n�g� �a�v�e�r�a�g�e� �a�c�r�o�s�s� �5� �t�r�i�a�l�s�,� �f�i�n�g�e�r� �t�a�p�p�i�n�g� 

�c�h�a�n�g�e�,� �d�y�n�a�m�o�m�e�t�e�r� �a�v�e�r�a�g�e� �a�c�r�o�s�s� �5� �t�r�i�a�l�s�,� �d�y�n�a�m�o�m�e�t�e�r� 

�c�h�a�n�g�e�,� �a�n�d� �d�y�n�a�m�o�m�e�t�e�r� �p�e�r�s�e�v�e�r�a�t�i�o�n�.� �S�e�e� �T�a�b�l�e� �3� �f�o�r� 

�p�r�e�c�i�s�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �v�a�r�i�a�b�l�e�s�.� �N�e�i�t�h�e�r� �t�h�e� �v�e�r�b�a�l� 

�f�l�u�e�n�c�y�,� �(�W�i�l�k�s�'� �L� �F� �=� �1�.�0�8�,� �p�<�.�3�8�)�,� �n�o�r� �t�h�e� �n�o�n�v�e�r�b�a�l� 

�f�l�u�e�n�c�y� �M�A�N�O�V�A� �e�f�f�e�c�t�s� �(�W�i�l�k�s�'� �L� �F� �=� �<�1�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� 

�S�e�e� �T�a�b�l�e� �9�.� �H�o�w�e�v�e�r�,� �t�h�e� �V�e�r�b�a�l� �F�l�u�e�n�c�y� �x� �N�o�n�v�e�r�b�a�l� 

�F�l�u�e�n�c�y� �e�f�f�e�c�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �(�W�i�l�k�s�'� �L� �F� �=� �3�.�0�1�,� �p�<�.�0�2�)�.� 

�T�h�e� �o�n�l�y� �s�i�g�n�i�f�i�c�a�n�t� �u�n�i�v�a�r�i�a�t�e� �A�N�O�V�A� �w�a�s� �f�o�r� �d�y�n�a�m�o�m�e�t�e�r� 

�p�e�r�s�e�v�e�r�a�t�i�o�n� �(�F� �=� �1�0�.�8�4�,� �p�<�.�0�0�2�)�.� �P�o�s�t�-�h�o�c� �t�e�s�t�i�n�g� 

�i�n�d�i�c�a�t�e�d� �e�q�u�a�l� �l�e�v�e�l�s� �o�f� �p�e�r�s�e�v�e�r�a�t�i�o�n� �f�o�r� �n�o�n�v�e�r�b�a�l�l�y� 

�f�l�u�e�n�t� �a�n�d� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�,� �w�h�e�r�e�a�s� �v�e�r�b�a�l�l�y� �f�l�u�e�n�t� 

�s�u�b�j�e�c�t�s� �d�e�m�o�n�s�t�r�a�t�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �p�e�r�s�e�v�e�r�a�t�i�o�n� 

�t�h�a�n� �v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�,� �s�e�e� �F�i�g�u�r�e� �1�.� �T�h�i�s� 

�f�i�n�d�i�n�g� �w�a�s� �u�n�e�x�p�e�c�t�e�d� �a�n�d� �i�s� �c�o�u�n�t�e�r�i�n�t�u�i�t�i�v�e�,� �a�s� �s�i�m�i�l�a�r
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�r�e�s�u�l�t�s� �w�e�r�e� �p�r�e�d�i�c�t�e�d� �f�o�r� �t�h�e� �c�o�n�t�r�a�l�a�t�e�r�a�l� �(�r�i�g�h�t�)� �h�a�n�d�.� 

�I�n�f�e�r�e�n�c�e�s� �a�b�o�u�t� �u�n�d�e�r�l�y�i�n�g� �c�e�r�e�b�r�a�l� �f�u�n�c�t�i�o�n�i�n�g� �b�a�s�e�d� �o�n� 

�t�h�i�s� �f�i�n�d�i�n�g� �s�h�o�u�l�d� �t�h�u�s� �b�e� �g�e�n�e�r�a�t�e�d� �c�a�u�t�i�o�u�s�l�y�,� �a�n�d� 

�b�o�l�s�t�e�r�e�d� �w�i�t�h� �f�u�r�t�h�e�r� �e�m�p�i�r�i�c�a�l� �c�o�n�f�i�r�m�a�t�i�o�n�.� 

�R�i�g�h�t�-�H�a�n�d� �M�o�t�o�r� 

�A� �M�A�N�O�V�A� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �r�i�g�h�t�-�h�a�n�d� �m�o�t�o�r� �t�a�s�k�s�;� 

�f�i�n�g�e�r� �t�a�p�p�i�n�g� �a�v�e�r�a�g�e� �a�c�r�o�s�s� �5� �t�r�i�a�l�s�,� �f�i�n�g�e�r� �t�a�p�p�i�n�g� 

�c�h�a�n�g�e�,� �d�y�n�a�m�o�m�e�t�e�r� �a�v�e�r�a�g�e� �a�c�r�o�s�s� �5� �t�r�i�a�l�s�,� �d�y�n�a�m�o�m�e�t�e�r� 

�c�h�a�n�g�e�,� �a�n�d� �d�y�n�a�m�o�m�e�t�e�r� �p�e�r�s�e�v�e�r�a�t�i�o�n�.� �M�A�N�O�V�A� �e�f�f�e�c�t�s� �o�f� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�W�i�l�k�s�'� �L� �F� �=� �<�1�)�,� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�W�i�l�k�s�'� 

�L� �F� �=� �<�1�)�,� �a�n�d� �t�h�e� �V�e�r�b�a�l� �F�l�u�e�n�c�y� �X� �N�o�n�v�e�r�b�a�l� �F�l�u�e�n�c�y� 

�i�n�t�e�r�a�c�t�i�o�n� �(�W�i�l�k�s�'� �L� �F� �<�1�)� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�.� �S�e�e� �T�a�b�l�e� 

�1�0�.� 

�U�n�i�v�a�r�i�a�t�e� �S�t�a�t�i�s�t�i�c�s� 

�I�n� �t�h�e�s�e� �a�n�a�l�y�s�e�s�,� �e�a�c�h� �v�a�r�i�a�b�l�e� �w�a�s� �s�e�p�a�r�a�t�e�l�y� 

�a�n�a�l�y�z�e�d� �i�n� �a� �m�i�x�e�d�-�d�e�s�i�g�n� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �w�i�t�h� 

�f�a�c�t�o�r�s� �o�f� �v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �t�r�i�a�l�,� �a�n�d� �i�f� 

�n�e�c�e�s�s�a�r�y�,� �h�a�n�d�.� �A�s� �n�o�t�e�d� �a�b�o�v�e�,� �a�l�l� �l�e�v�e�l�s� �o�f� �e�a�c�h� 

�v�a�r�i�a�b�l�e� �w�e�r�e� �a�n�a�l�y�z�e�d� �i�n� �t�h�i�s� �f�a�s�h�i�o�n� �t�o� �a�l�l�o�w� �f�o�r� �a� �m�o�r�e� 

�f�i�n�e�-�g�r�a�i�n�e�d� �d�a�t�a� �a�n�a�l�y�s�i�s�.� �R�e�d�u�n�d�a�n�t� �f�i�n�d�i�n�g�s� �e�v�i�d�e�n�t� �i�n� 

�t�h�e� �M�A�N�O�V�A�S� �(�i�.�e�.� �m�a�i�n� �e�f�f�e�c�t�s� �o�r� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� 

�t�w�o� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s�)� �a�r�e� �n�o�t� �d�i�s�c�u�s�s�e�d�.� 

�T�r�a�i�l�-�M�a�k�i�n�g� �T�e�s�t�s� 

�A� �3� �f�a�c�t�o�r� �m�i�x�e�d�-�d�e�s�i�g�n� �A�N�O�V�A� �w�i�t�h� �f�i�x�e�d� �f�a�c�t�o�r�s� �o�f� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h
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�a�n�d� �l�o�w�)�,� �a�n�d� �w�i�t�h� �t�h�e� �r�e�p�e�a�t�e�d� �f�a�c�t�o�r� �o�f� �t�r�a�i�l� �(�p�a�r�t� �A� �a�n�d� 

�p�a�r�t� �B�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�i�m�e� �i�n� �s�e�c�o�n�d�s� �a�s� �t�h�e� �d�e�p�e�n�d�e�n�t� 

�m�e�a�s�u�r�e�.� �T�h�e� �m�a�i�n� �e�f�f�e�c�t� �o�f� �t�r�a�i�l� �w�a�s� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t�,� �F� 

�(�1�,�5�6�)� �=� �2�2�5�.�5�7�,� �p�<�.�0�0�0�1�,� �w�i�t�h� �r�e�d�u�c�e�d� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� 

�c�o�m�p�l�e�t�e� �T�r�a�i�l�s� �A� �v�e�r�s�u�s� �T�r�a�i�l�s� �B�.� �T�h�i�s� �f�i�n�d�i�n�g� �i�s� �n�o�t� 

�s�u�r�p�r�i�s�i�n�g� �g�i�v�e�n� �t�h�e� �m�o�r�e� �c�o�m�p�l�e�x� �d�e�m�a�n�d�s� �o�f� �T�r�a�i�l�s� �B�.� �T�h�e� 

�V�e�r�b�a�l� �F�l�u�e�n�c�y� �X� �T�r�a�i�l� �i�n�t�e�r�a�c�t�i�o�n� �a�p�p�r�o�a�c�h�e�d� �s�i�g�n�i�f�i�c�a�n�c�e�,� 

�F� �(�1�,�5�6�)� �=� �3�.�1�3�,� �p�<�.�0�8�,� �s�e�e� �F�i�g�u�r�e� �2�.� �P�o�s�t�-�h�o�c� �t�e�s�t�s� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �a�n�d� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s� 

�p�e�r�f�o�r�m�e�d� �e�q�u�a�l�l�y� �o�n� �T�r�a�i�l�s� �A�,� �b�u�t� �t�h�a�t� �v�e�r�b�a�l�l�y� �f�l�u�e�n�t� 

�s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�t�e�r� �o�n� �T�r�a�i�l�s� �B�.� �T�h�i�s� 

�f�i�n�d�i�n�g� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�s� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �s�a�m�e� 

�l�a�b�o�r�a�t�o�r�y� �(�H�u�n�t�z�i�n�g�e�r�,� �1�9�8�9�)�.� �T�h�e�r�e� �a�r�e� �t�w�o� �p�o�s�s�i�b�l�e� 

�e�x�p�l�a�n�a�t�i�o�n�s� �f�o�r� �t�h�i�s� �f�i�n�d�i�n�g�.� �F�i�r�s�t�,� �T�r�a�i�l�s� �B�,� �b�u�t� �n�o�t� �A�,� 

�r�e�q�u�i�r�e�s� �b�o�t�h� �n�u�m�b�e�r�s� �a�n�d� �l�e�t�t�e�r�s� �t�o� �b�e� �s�e�q�u�e�n�c�e�d�.� �H�o�w�e�v�e�r� 

�m�i�n�i�m�a�l�,� �t�h�e� �l�i�n�g�u�i�s�t�i�c� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�i�s� �t�a�s�k� �m�a�y� �t�h�u�s� �m�o�r�e� 

�c�l�o�s�e�l�y� �m�i�m�i�c� �t�h�e� �C�O�W�A�T�,� �w�h�i�c�h� �i�s� �a�n� �i�n�h�e�r�e�n�t�l�y� �v�e�r�b�a�l� �t�a�s�k�.� 

�M�o�r�e�o�v�e�r�,� �T�r�a�i�l�s� �B� �i�s� �a� �d�e�c�i�d�e�d�l�y� �m�o�r�e� �c�o�m�p�l�e�x� �t�a�s�k� �t�h�a�n� 

�T�r�a�i�l�s� �A�,� �a�s� �i�t� �r�e�q�u�i�r�e�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �s�h�i�f�t� �s�e�t� �b�e�t�w�e�e�n� 

�t�w�o� �a�l�t�e�r�n�a�t�i�n�g� �t�a�s�k�s�.� �T�h�i�s� �c�o�g�n�i�t�i�v�e� �f�l�e�x�i�b�i�l�i�t�y� �a�p�p�e�a�r�s� 

�t�o� �m�o�r�e� �c�l�o�s�e�l�y� �p�a�r�a�l�l�e�l� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �C�O�W�A�T�,� �a�s� 

�p�e�r�f�o�r�m�a�n�c�e� �i�s� �m�a�x�i�m�i�z�e�d� �w�h�e�n� �s�u�b�j�e�c�t�s� �m�a�k�e� �r�a�p�i�d�,� �r�e�p�e�a�t�e�d� 

�s�e�a�r�c�h�e�s� �t�h�r�o�u�g�h� �t�h�e�i�r� �v�e�r�b�a�l� �l�e�x�i�c�o�n�.� �O�v�e�r�a�l�l�,� �w�h�i�l�e� �t�h�i�s� 

�i�n�t�e�r�a�c�t�i�o�n� �s�h�o�u�l�d� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �c�a�u�t�i�o�u�s�l�y�,� �i�t� �s�u�g�g�e�s�t�s� 

�t�h�a�t� �t�h�e� �l�i�n�k� �b�e�t�w�e�e�n� �T�r�a�i�l�s� �B� �a�n�d� �t�h�e� �C�O�W�A�T� �m�a�y� �b�e
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�s�e�c�o�n�d�a�r�y� �t�o� �l�i�n�g�u�i�s�t�i�c� �a�n�d�/�o�r� �c�o�g�n�i�t�i�v�e� �f�l�e�x�i�b�i�l�i�t�y� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� 

�S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� �T�e�s�t� 

�A� �3� �f�a�c�t�o�r� �m�i�x�e�d�-�d�e�s�i�g�n� �A�N�O�V�A� �w�i�t�h� �f�i�x�e�d� �f�a�c�t�o�r�s� �o�f� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� 

�a�n�d� �l�o�w�)�,� �a�n�d� �w�i�t�h� �t�h�e� �r�e�p�e�a�t�e�d� �f�a�c�t�o�r� �o�f� �S�t�r�o�o�p� �(�W�o�r�d�,� 

�C�o�l�o�r�,� �C�o�l�o�r�-�W�o�r�d�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� 

�c�o�r�r�e�c�t�l�y� �c�o�m�p�l�e�t�e�d� �i�t�e�m�s� �a�s� �t�h�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�.� �T�h�e� 

�m�a�i�n� �e�f�f�e�c�t� �o�f� �S�t�r�o�o�p� �w�a�s� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t�,� �F� �(�2�,�1�1�2�)� �=� 

�1�0�6�0�.�8�6�,� �p�<�.�0�0�0�1�,� �a�n�d� �p�o�s�t�-�h�o�c� �t�e�s�t�i�n�g� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �a� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �w�e�r�e� �c�o�r�r�e�c�t�l�y� 

�c�o�m�p�l�e�t�e�d� �i�n� �e�a�c�h� �c�o�n�d�i�t�i�o�n�.� �T�h�i�s� �f�i�n�d�i�n�g� �w�a�s� �e�x�p�e�c�t�e�d� 

�g�i�v�e�n� �t�h�e� �v�a�r�y�i�n�g� �c�o�g�n�i�t�i�v�e� �d�e�m�a�n�d�s� �o�f� �e�a�c�h� �c�o�n�d�i�t�i�o�n�.� �T�h�e� 

�V�e�r�b�a�l� �F�l�u�e�n�c�y� �X� �S�t�r�o�o�p� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �F� 

�(�2�,�1�1�2�)� �=� �3�.�8�7�,� �p�<�.�0�2�,� �s�e�e� �F�i�g�u�r�e� �3�.� �P�o�s�t�-�h�o�c� �t�e�s�t�i�n�g� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �c�o�m�p�l�e�t�e�d� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �i�t�e�m�s� �t�h�a�n� �v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �i�n� 

�e�a�c�h� �c�o�n�d�i�t�i�o�n�,� �b�u�t� �t�h�i�s� �e�f�f�e�c�t� �o�n�l�y� �a�p�p�r�o�a�c�h�e�d� �s�i�g�n�i�f�i�c�a�n�c�e� 

�i�n� �t�h�e� �C�o�l�o�r�-�W�o�r�d� �c�o�n�d�i�t�i�o�n�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�t�e�r� �o�n� 

�S�t�r�o�o�p� �c�o�m�p�o�n�e�n�t�s� �w�h�i�c�h� �t�a�p�p�e�d� �m�o�r�e� �p�u�r�e� �m�e�a�s�u�r�e�s� �o�f� �m�e�n�t�a�l� 

�s�p�e�e�d� �v�e�r�s�u�s� �t�h�e� �c�o�m�p�o�n�e�n�t� �w�h�i�c�h� �r�e�q�u�i�r�e�d� �i�n�h�i�b�i�t�i�o�n� �o�f� �a�n� 

�a�u�t�o�m�a�t�i�c� �r�e�s�p�o�n�s�e�.� �T�h�i�s� �l�a�t�t�e�r� �r�e�s�u�l�t� �a�p�p�e�a�r�s� �t�o� 

�c�o�n�t�r�a�d�i�c�t� �t�h�e� �T�r�a�i�l�-�M�a�k�i�n�g� �f�i�n�d�i�n�g�,� �i�n� �w�h�i�c�h� �t�h�e� �m�o�r�e� 

�c�o�m�p�l�e�x� �T�r�a�i�l�s� �B� �w�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �C�O�W�A�T�.� �H�o�w�e�v�e�r�,� �i�t
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�s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �C�O�W�A�T� �a�n�d� �T�r�a�i�l�-�M�a�k�i�n�g� �T�e�s�t�s� �b�o�t�h� 

�r�e�q�u�i�r�e� �m�o�t�o�r� �i�n�v�o�l�v�e�m�e�n�t�,� �w�h�e�r�e�a�s� �t�h�e� �S�t�r�o�o�p� �r�e�q�u�i�r�e�s� 

�r�e�a�d�i�n�g� �w�i�t�h� �o�r�a�l� �o�u�t�p�u�t�.� �A�s� �s�u�c�h�,� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �T�r�a�i�l�-� 

�M�a�k�i�n�g� �t�e�s�t�s� �a�n�d� �C�O�W�A�T� �m�a�y� �b�e� �a� �s�o�m�e�w�h�a�t� �m�o�r�e� �a�c�c�u�r�a�t�e� 

�c�o�m�p�a�r�i�s�o�n�,� �g�i�v�e�n� �t�h�e� �r�e�l�e�v�a�n�t� �t�a�s�k� �d�e�m�a�n�d�s�.� �N�o�n�e�t�h�e�l�e�s�s�,� 

�v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �c�o�m�p�l�e�t�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �i�t�e�m�s� 

�i�n� �e�a�c�h� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �S�t�r�o�o�p�,� �t�h�o�u�g�h� �t�h�i�s� �e�f�f�e�c�t� �o�n�l�y� 

�a�p�p�r�o�a�c�h�e�d� �s�i�g�n�i�f�i�c�a�n�c�e� �i�n� �t�h�e� �C�o�l�o�r�-�W�o�r�d� �c�o�n�d�i�t�i�o�n�,� 

�r�e�l�a�t�i�v�e� �t�o� �v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�.� 

�D�y�n�a�m�o�m�e�t�e�r� �A�c�r�o�s�s� �5� �T�r�i�a�l�s� 

�A� �4� �f�a�c�t�o�r� �m�i�x�e�d�-�d�e�s�i�g�n� �A�N�O�V�A� �w�i�t�h� �f�i�x�e�d� �f�a�c�t�o�r�s� �o�f� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� 

�a�n�d� �l�o�w�)� �a�n�d� �w�i�t�h� �r�e�p�e�a�t�e�d� �f�a�c�t�o�r�s� �o�f� �t�r�i�a�l� �(�1�-�5�)� �a�n�d� �h�a�n�d� 

�(�l�e�f�t� �a�n�d� �r�i�g�h�t�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �s�t�r�e�n�g�t�h� �i�n� �k�i�l�o�g�r�a�m�s� 

�a�s� �t�h�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �H�a�n�d� �x� 

�T�r�i�a�l� �i�n�t�e�r�a�c�t�i�o�n�,� �F� �(�4�,�2�2�4�)� �=� �4�.�7�1�,� �p�<�.�0�0�1�,� �s�e�e� �F�i�g�u�r�e� �4�.� 

�P�o�s�t�-�h�o�c� �t�e�s�t�i�n�g� �i�n�d�i�c�a�t�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �s�t�r�e�n�g�t�h� �a�d�v�a�n�t�a�g�e� 

�f�o�r� �t�h�e� �r�i�g�h�t� �h�a�n�d� �a�t� �e�a�c�h� �t�r�i�a�l�,� �a�s� �w�e�l�l� �a�s� �a� �t�e�n�d�e�n�c�y� �f�o�r� 

�t�h�e� �l�e�f�t� �h�a�n�d� �t�o� �f�a�t�i�g�u�e� �m�o�r�e� �t�h�a�n� �t�h�e� �r�i�g�h�t� �h�a�n�d�.� �T�h�e�r�e� 

�w�a�s� �a� �1�0� �p�e�r�c�e�n�t� �s�t�r�e�n�g�t�h� �d�i�m�i�n�u�t�i�o�n� �f�r�o�m� �T�r�i�a�l� �1� �t�o� �T�r�i�a�l� �5� 

�f�o�r� �t�h�e� �l�e�f�t� �h�a�n�d�,� �b�u�t� �o�n�l�y� �a� �4�.�3� �p�e�r�c�e�n�t� �d�e�c�r�e�a�s�e� �f�o�r� �t�h�e� 

�r�i�g�h�t� �h�a�n�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �e�f�f�e�c�t� �o�f� �h�a�n�d� �w�a�s� 

�S�i�g�n�i�f�i�c�a�n�t�,� �F� �(�1�,�5�6�)� �=� �3�7�.�6�3� �p�<�.�0�0�0�1�,� �w�i�t�h� �t�h�e� �e�x�p�e�c�t�e�d� 

�r�i�g�h�t� �h�a�n�d� �s�t�r�e�n�g�t�h� �a�d�v�a�n�t�a�g�e� �o�b�t�a�i�n�e�d�.� �T�h�e� �m�a�i�n� �e�f�f�e�c�t� �o�f� 

�t�r�i�a�l� �w�a�s� �a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t�,� �F� �(�4�,�2�2�4�)� �=� �2�4�.�7�1�,� �p�<�.�0�0�0�1�.



�4�9� 

�D�y�n�a�m�o�m�e�t�e�r� �P�e�r�s�e�v�e�r�a�t�i�o�n� 

�A� �4� �f�a�c�t�o�r� �m�i�x�e�d�-�d�e�s�i�g�n� �A�N�O�V�A� �w�i�t�h� �f�i�x�e�d� �f�a�c�t�o�r�s� �o�f� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� 

�a�n�d� �l�o�w�)� �a�n�d� �w�i�t�h� �r�e�p�e�a�t�e�d� �f�a�c�t�o�r�s� �o�f� �t�r�i�a�l� �(�1� �a�n�d� �2�)� �a�n�d� 

�h�a�n�d� �(�l�e�f�t� �a�n�d� �r�i�g�h�t�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �s�t�r�e�n�g�t�h� �i�n� 

�k�i�l�o�g�r�a�m�s� �a�s� �t�h�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�.� �T�h�e� �H�a�n�d� �X� �T�r�i�a�l� 

�i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �F�(�1�,�5�6�)� �=� �1�4�.�6�5�,� �p�<�.�0�0�0�3�,� �s�e�e� 

�F�i�g�u�r�e� �5�.� �P�o�s�t�-�h�o�c� �t�e�s�t�i�n�g� �c�o�n�f�i�n�e�d� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �t�o� �t�h�e� �f�i�r�s�t� �t�r�i�a�l�,� �w�i�t�h� �a� �r�i�g�h�t� �h�a�n�d� �s�t�r�e�n�g�t�h� 

�a�d�v�a�n�t�a�g�e�.� �T�h�e�r�e� �w�a�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �o�n� �t�h�e� �s�e�c�o�n�d� �t�r�i�a�l�,� 

�w�h�i�c�h� �r�e�q�u�i�r�e�d� �s�u�b�j�e�c�t�s� �t�o� �s�q�u�e�e�z�e� �h�a�l�f�-�a�s�-�h�a�r�d�.� �I�n� �f�a�c�t�,� 

�t�h�e� �p�e�r�s�e�v�e�r�a�t�i�o�n� �i�n�d�e�x� �(�T�r�i�a�l� �1�-�T�r�i�a�l� �2�/�T�r�i�a�l� �1� �x� �1�0�0�)� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �f�o�r� �e�a�c�h� �h�a�n�d�.� �P�e�r�s�e�v�e�r�a�t�i�o�n� �i�n�d�i�c�e�s� �w�e�r�e� �3�4�.�9�%� 

�f�o�r� �t�h�e� �r�i�g�h�t� �h�a�n�d� �a�n�d� �2�8�.�9�%� �f�o�r� �t�h�e� �l�e�f�t� �h�a�n�d�,� �w�h�i�c�h� �.� 

�i�n�d�i�c�a�t�e�s� �h�e�i�g�h�t�e�n�e�d� �l�e�f�t� �h�a�n�d� �p�e�r�s�e�v�e�r�a�t�i�o�n�.� �T�h�i�s� �f�i�n�d�i�n�g� 

�s�h�o�u�l�d� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �c�a�u�t�i�o�u�s�l�y� �a�s� �t�h�e�r�e� �a�p�p�e�a�r�e�d� �t�o� �b�e� �a� 

�f�l�o�o�r� �e�f�f�e�c�t� �o�n� �t�h�e� �s�e�c�o�n�d� �t�r�i�a�l�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

�t�h�e�s�e� �s�c�o�r�e�s� �m�a�y� �t�h�u�s� �r�e�f�l�e�c�t� �t�h�e� �g�r�e�a�t�e�r� �i�n�i�t�i�a�l� �r�i�g�h�t� �h�a�n�d� 

�g�r�i�p� �s�t�r�e�n�g�t�h� �o�f� �t�h�i�s� �s�a�m�p�l�e�,� �a�n�d� �t�h�u�s� �a� �l�a�r�g�e�r� �p�e�r�c�e�n�t� 

�c�h�a�n�g�e� �(�a�n�d� �h�e�n�c�e� �l�e�s�s� �p�e�r�s�e�v�e�r�a�t�i�o�n�)� �a�c�r�o�s�s� �t�r�i�a�l�s�.� �T�h�e� 

�e�f�f�e�c�t� �o�f� �t�r�i�a�l� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �F�(�1�,�5�6�)� �=� �4�9�9�.�8�3�,� �p�<�.�0�0�0�1�,� 

�w�i�t�h� �t�h�e� �e�x�p�e�c�t�e�d� �s�t�r�e�n�g�t�h� �a�d�v�a�n�t�a�g�e� �f�o�r� �t�h�e� �f�i�r�s�t� �t�r�i�a�l�,� �a�s� 

�w�a�s� �t�h�e� �e�f�f�e�c�t� �o�f� �h�a�n�d�,� �F� �(�1�,�5�6�)� �=� �5�.�6�1�,� �p�<�.�0�2�,� �w�i�t�h� �t�h�e� 

�p�r�e�d�i�c�t�e�d� �s�t�r�e�n�g�t�h� �a�d�v�a�n�t�a�g�e� �f�o�r� �t�h�e� �r�i�g�h�t� �h�a�n�d�.



�5�0� 

�F�i�n�g�e�r�-�T�a�p�p�i�n�g� 

�A� �4� �f�a�c�t�o�r� �m�i�x�e�d�-�d�e�s�i�g�n� �A�N�O�V�A� �w�i�t�h� �f�i�x�e�d� �f�a�c�t�o�r�s� �o�f� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� 

�a�n�d� �l�o�w�)� �a�n�d� �w�i�t�h� �r�e�p�e�a�t�e�d� �f�a�c�t�o�r�s� �o�f� �t�r�i�a�l� �(�1�-�5�)� �a�n�d� �h�a�n�d� 

�(�r�i�g�h�t� �a�n�d� �l�e�f�t�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� 

�t�a�p�s� �i�n� �1�0� �s�e�c�o�n�d�s� �a�s� �t�h�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�.� �T�h�e� �m�a�i�n� 

�e�f�f�e�c�t� �o�f� �h�a�n�d� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �F� �(�1�,�5�6�)� �=� �3�0�.�1�9� �p�<�.�0�0�0�1�,� 

�w�i�t�h� �t�h�e� �e�x�p�e�c�t�e�d� �a�d�v�a�n�t�a�g�e� �f�o�r� �t�h�e� �r�i�g�h�t� �h�a�n�d�.� �T�h�e� �8�.�2�%� 

�r�i�g�h�t� �h�a�n�d� �a�d�v�a�n�t�a�g�e� �i�n� �t�h�e� �a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �t�a�p�s� �i�s� 

�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �(�B�o�r�n�s�t�e�i�n�,� �1�9�8�6�)�.� �T�h�e� 

�m�a�i�n� �e�f�f�e�c�t� �o�f� �t�r�i�a�l� �w�a�s� �a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t�,� �F� �(�4�,�2�2�4�)� �=� 

�1�5�.�7�8�,� �p�<�.�0�0�0�1�.� �N�o� �i�n�t�e�r�a�c�t�i�o�n�s� �a�c�h�i�e�v�e�d� �s�i�g�n�i�f�i�c�a�n�c�e�.� 

�F�a�c�i�a�l� �A�n�a�l�y�s�e�s� 

�T�w�o� �3� �f�a�c�t�o�r� �m�i�x�e�d�-�d�e�s�i�g�n� �A�N�O�V�A�s� �w�i�t�h� �f�i�x�e�d� �f�a�c�t�o�r�s� �o�f� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� �a�n�d� �l�o�w�)� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �(�h�i�g�h� 

�a�n�d� �l�o�w�)�,� �a�n�d� �w�i�t�h� �t�h�e� �r�e�p�e�a�t�e�d� �f�a�c�t�o�r� �o�f� �a�f�f�e�c�t� �(�h�a�p�p�y�,� 

�i�n�t�e�r�e�s�t�e�d�,� �s�a�d�,� �a�n�g�r�y�,� �s�u�r�p�r�i�s�e�,� �d�i�s�g�u�s�t�,� �a�n�d� �f�e�a�r�)� �w�e�r�e� 

�s�e�p�a�r�a�t�e�l�y� �c�o�m�p�l�e�t�e�d� �u�s�i�n�g� �f�a�c�i�a�l� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y� 

�m�e�a�s�u�r�e�s� �a�s� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s�.� �T�h�e� �m�a�i�n� �e�f�f�e�c�t� �o�f� �a�f�f�e�c�t� 

�w�a�s� �S�i�g�n�i�f�i�c�a�n�t� �f�o�r� �b�o�t�h� �a�c�c�u�r�a�c�y�,� �F� �(�6�,�3�3�5�)� �=� �8�.�7�4�,� 

�p�<�.�0�0�0�1�,� �a�n�d� �i�n�t�e�n�s�i�t�y�,� �F� �(�6�,�3�3�5�)� �=� �2�1�.�9�4�,� �p�<�.�0�0�0�1�.� �S�e�e� 

�T�a�b�l�e� �1�1� �a�n�d� �F�i�g�u�r�e�s� �6� �a�n�d� �7�.� �A�s� �i�s� �e�v�i�d�e�n�t�,� �s�u�b�j�e�c�t�s� 

�g�e�n�e�r�a�t�e�d� �h�a�p�p�y� �f�a�c�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y� �a�n�d� �m�o�r�e� 

�i�n�t�e�n�s�e�l�y� �t�h�a�n� �o�t�h�e�r� �f�a�c�e�s�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �w�h�i�l�e� �s�u�b�j�e�c�t�s�'� 

�a�c�c�u�r�a�c�y� �s�c�o�r�e�s� �f�o�r� �a�n�g�r�y�,� �s�u�r�p�r�i�s�e�d�,� �a�n�d� �d�i�s�g�u�s�t�e�d� �f�a�c�e�s



�5�1� 

�w�e�r�e� �r�a�t�h�e�r� �l�o�w�,� �t�h�e�s�e� �f�a�c�e�s� �w�e�r�e� �a�l�s�o� �j�u�d�g�e�d� �t�o� �b�e� �q�u�i�t�e� 

�i�n�t�e�n�s�e�.� �T�h�e� �d�i�s�s�o�c�i�a�t�i�o�n� �b�e�t�w�e�e�n� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y� 

�m�e�a�s�u�r�e�s�,� �a�t� �l�e�a�s�t� �f�o�r� �t�h�e�s�e� �f�a�c�e�s�,� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �s�u�b�j�e�c�t�s� 

�g�e�n�e�r�a�t�e�d� �i�n�t�e�n�s�e�,� �b�u�t� �p�o�o�r�l�y� �c�o�n�f�i�g�u�r�e�d� �f�a�c�e�s� �w�h�i�c�h� �w�e�r�e� 

�d�i�f�f�i�c�u�l�t� �t�o� �d�i�s�c�r�i�m�i�n�a�t�e�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �V�e�r�b�a�l� �F�l�u�e�n�c�y� 

�X� �A�f�f�e�c�t� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �a�c�c�u�r�a�c�y� �j�u�d�g�m�e�n�t�s�,� 

�F� �(�6�,� �3�3�5�)� �=� �2�.�0�7�,� �p� �<�.�0�5�.� �R�e�l�a�t�i�v�e� �t�o� �v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� 

�s�u�b�j�e�c�t�s�'� �f�a�c�i�a�l� �e�x�p�r�e�s�s�i�o�n�s�,� �v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s�'� 

�e�x�p�r�e�s�s�i�o�n�s� �w�e�r�e� �j�u�d�g�e�d� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y� �f�o�r� �i�n�t�e�r�e�s�t�e�d� �a�n�d� 

�s�a�d� �f�a�c�e�s�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� 

�f�a�c�i�a�l� �a�n�a�l�y�s�e�s� �u�s�i�n�g� �i�n�t�e�n�s�i�t�y� �a�s� �t�h�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�.� 

�A� �s�e�p�a�r�a�t�e� �s�e�t� �o�f� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�m�p�l�e�t�e�d� �w�i�t�h� 

�c�o�m�p�o�s�i�t�e� �f�a�c�i�a�l� �m�e�a�s�u�r�e�s� �o�f� �p�o�s�i�t�i�v�e� �(�h�a�p�p�y�,� �i�n�t�e�r�e�s�t�e�d�,� 

�a�n�d� �s�u�r�p�r�i�s�e�d�)� �a�n�d� �n�e�g�a�t�i�v�e� �(�s�a�d�,� �a�n�g�r�y�,� �d�i�s�g�u�s�t�,� �a�n�d� �f�e�a�r�)� 

�a�f�f�e�c�t�s�.� �T�h�e�s�e� �a�n�a�l�y�s�e�s� �a�r�e� �b�a�s�e�d� �o�n� �e�v�i�d�e�n�c�e� �b�y� �D�a�v�i�d�s�o�n� 

�(�s�e�e� �D�a�v�i�d�s�o�n� �&� �T�o�m�a�r�k�e�n�,� �1�9�8�9�)�,� �i�n� �w�h�i�c�h� �a�n�t�e�r�i�o�r� �c�e�r�e�b�r�a�l� 

�r�e�g�i�o�n�s� �a�r�e� �t�h�o�u�g�h�t� �t�o� �b�e� �a�s�y�m�m�e�t�r�i�c�a�l�l�y� �o�r�g�a�n�i�z�e�d� �f�o�r� 

�a�f�f�e�c�t� �(�i�.�e�.� �t�h�e� �l�e�f�t� �h�e�m�i�s�p�h�e�r�e� �f�o�r� �p�o�s�i�t�i�v�e� �a�f�f�e�c�t� �a�n�d� �t�h�e� 

�r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e� �f�o�r� �n�e�g�a�t�i�v�e� �a�f�f�e�c�t�)�.� �M�a�i�n� �e�f�f�e�c�t�s� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t� �f�o�r� �b�o�t�h� �a�c�c�u�r�a�c�y�,� �F� �(�1�,�5�6�)� �=� �1�6�.�4�6�,� �p�<�.�0�0�0�2�,� 

�a�n�d� �i�n�t�e�n�s�i�t�y�,� �F� �(�1�,�5�6�)� �=� �9�.�3�9�,� �p�<�.�0�0�3�4�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �s�u�b�j�e�c�t�s� �g�e�n�e�r�a�t�e�d� �p�o�s�i�t�i�v�e� �f�a�c�e�s� �m�o�r�e� 

�a�c�c�u�r�a�t�e�l�y� �a�n�d� �i�n�t�e�n�s�e�l�y� �t�h�a�n� �n�e�g�a�t�i�v�e� �f�a�c�e�s�.� �N�o� 

�i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �u�s�i�n�g� �t�h�e�s�e� �c�o�m�p�o�s�i�t�e� 

�m�e�a�s�u�r�e�s�.
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�S�u�m�m�a�r�y�:� �U�n�i�v�a�r�i�a�t�e� �A�n�a�l�y�s�e�s� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e�s�e� �u�n�i�v�a�r�i�a�t�e� �A�N�O�V�A�S� �p�r�o�v�i�d�e� �a� �m�o�r�e� 

�d�e�t�a�i�l�e�d� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �d�a�t�a�.� �R�e�l�a�t�i�v�e� �t�o� �v�e�r�b�a�l�l�y� 

�n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�,� �v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �t�e�n�d�e�d� �t�o� 

�p�e�r�f�o�r�m� �b�e�t�t�e�r� �o�n� �T�r�a�i�l�s� �B�,� �b�u�t� �n�o�t� �T�r�a�i�l�s� �A�,� �a�n�d� �t�o� 

�c�o�m�p�l�e�t�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �i�t�e�m�s� �i�n� �e�a�c�h� �S�t�r�o�o�p� �c�o�n�d�i�t�i�o�n�,� 

�t�h�o�u�g�h� �t�h�i�s� �f�i�n�d�i�n�g� �o�n�l�y� �a�p�p�r�o�a�c�h�e�d� �s�i�g�n�i�f�i�c�a�n�c�e� �i�n� �t�h�e� 

�C�o�l�o�r�-�W�o�r�d� �c�o�n�d�i�t�i�o�n�.� �O�n� �m�o�t�o�r� �t�a�s�k�s�,� �t�h�e� �e�x�p�e�c�t�e�d� �r�i�g�h�t�-� 

�h�a�n�d� �a�d�v�a�n�t�a�g�e�s� �w�e�r�e� �f�o�u�n�d� �i�n� �t�h�i�s� �r�i�g�h�t�-�h�a�n�d� �d�o�m�i�n�a�n�t� 

�s�a�m�p�l�e�,� �t�h�o�u�g�h� �o�n�l�y� �o�n�e� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�.� �O�n� �t�h�e� 

�d�y�n�a�m�o�m�e�t�e�r� �p�e�r�s�e�v�e�r�a�t�i�o�n� �t�a�s�k�,� �t�h�e� �H�a�n�d� �X� �T�r�i�a�l� �i�n�t�e�r�a�c�t�i�o�n� 

�r�e�v�e�a�l�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �o�n� �T�r�i�a�l� �1�,� �b�u�t� �n�o�t� �T�r�i�a�l� 

�2�,� �a�n�d�,� �a�s� �s�u�c�h�,� �g�r�e�a�t�e�r� �l�e�f�t� �h�a�n�d� �p�e�r�s�e�v�e�r�a�t�i�o�n�.� 

�S�i�g�n�i�f�i�c�a�n�t� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y� �a�d�v�a�n�t�a�g�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� 

�f�o�r� �t�h�e� �p�o�s�i�t�i�v�e� �v�e�r�s�u�s� �n�e�g�a�t�i�v�e� �a�f�f�e�c�t�s�,� �t�h�o�u�g�h� �t�h�e�s�e� 

�d�i�f�f�e�r�e�n�c�e�s� �d�i�d� �n�o�t� �v�a�r�y� �w�i�t�h� �e�i�t�h�e�r� �o�f� �t�h�e� �f�l�u�e�n�c�y� 

�m�e�a�s�u�r�e�s�.� 

�P�s�y�c�h�o�m�e�t�r�i�c� �I�s�s�u�e�s� 

�B�e�c�a�u�s�e� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �i�n�c�l�u�d�e�d� �s�e�v�e�r�a�l� �n�e�w� �v�a�r�i�a�b�l�e�s� 

�a�n�d� �o�n�e� �t�e�s�t� �w�i�t�h� �q�u�e�s�t�i�o�n�a�b�l�e� �r�e�l�i�a�b�i�l�i�t�y� �(�D�F�T�)�,� �a� �n�u�m�b�e�r� 

�o�f� �r�e�l�i�a�b�i�l�i�t�y� �c�h�e�c�k�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d�.� �F�i�r�s�t�,� �r�e�l�i�a�b�i�l�i�t�y� 

�b�e�t�w�e�e�n� �t�r�a�i�n�e�d� �r�a�t�e�r�s� �o�n� �t�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t� �(�D�F�T�)� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �o�n� �a� �s�m�a�l�l� �s�a�m�p�l�e� �o�f� �s�u�b�j�e�c�t�s� �(�n� �=� �2�3�)�,� �s�e�e� �T�a�b�l�e� 

�1�2�.� �-�A�s� �i�s� �e�v�i�d�e�n�t�,� �e�x�c�e�l�l�e�n�t� �r�e�l�i�a�b�i�l�i�t�i�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� 

�f�o�r� �m�o�s�t� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �D�F�T�,� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h
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�p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �w�h�i�c�h� �h�a�s� �e�m�p�l�o�y�e�d� �t�r�a�i�n�e�d� �r�a�t�e�r�s� �(�s�e�e� 

�W�o�o�d�a�r�d� �e�t� �a�l�.�,� �1�9�9�2�,� �f�o�r� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�i�s� �i�s�s�u�e�)�.� �L�o�w�e�r�,� 

�t�h�o�u�g�h� �s�t�i�l�l� �s�i�g�n�i�f�i�c�a�n�t�,� �r�e�l�i�a�b�i�l�i�t�i�e�s� �w�e�r�e� �f�o�u�n�d� �f�o�r� �t�h�e� 

�F�r�e�e� �N�a�m�e�a�b�l�e� �(�.�7�5�)� �a�n�d� �t�h�e� �F�i�x�e�d� �P�e�r�s�e�v�e�r�a�t�i�o�n� �(�.�7�2�)� 

�c�o�n�d�i�t�i�o�n�s�.� �T�h�e�s�e� �l�o�w�e�r� �r�e�l�i�a�b�i�l�i�t�i�e�s� �m�a�y� �b�e� �a� �f�u�n�c�t�i�o�n� �o�f� 

�t�h�e� �l�o�w�e�r� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �i�n� �e�a�c�h� �o�f� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�.� 

�T�h�e�s�e� �f�i�n�d�i�n�g�s� �a�r�e� �r�o�u�g�h�l�y� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�i�l�o�t� �s�t�u�d�i�e�s�.� 

�T�h�o�u�g�h� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�,� �a� �p�r�o�b�l�e�m�a�t�i�c� �i�s�s�u�e� 

�i�s� �t�h�e� �q�u�e�s�t�i�o�n�a�b�l�e� �i�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y� �f�o�r� �m�e�a�s�u�r�e�s� �o�f� 

�f�a�c�i�a�l� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y�.� �W�h�i�l�e� �v�a�l�u�e�s� �f�o�r� �f�a�c�i�a�l� 

�i�n�t�e�n�s�i�t�y� �w�e�r�e� �q�u�i�t�e� �g�o�o�d� �(�f�r�o�m� �.�7�8� �t�o� �.�8�2�)�,� �t�h�e�y� �w�e�r�e� �l�o�w�e�r� 

�f�o�r� �m�e�a�s�u�r�e�s� �o�f� �f�a�c�i�a�l� �a�c�c�u�r�a�c�y� �(�f�r�o�m� �.�3�4� �t�o� �.�8�5�)�,� �s�e�e� �T�a�b�l�e� 

�1�3�.� �I�n�t�e�r�r�a�t�e�r� �a�c�c�u�r�a�c�y� �a�g�r�e�e�m�e�n�t� �w�a�s� �p�a�r�t�i�c�u�l�a�r�l�y� �p�o�o�r� �f�o�r� 

�i�n�t�e�r�e�s�t�e�d�,� �s�u�r�p�r�i�s�e�d� �a�n�d� �d�i�s�g�u�s�t�e�d�,� �a�n�d� �f�e�a�r�f�u�l� �f�a�c�e�s�.�.� 

�S�e�v�e�r�a�l� �i�s�s�u�e�s� �a�r�i�s�e� �f�r�o�m� �t�h�e�s�e� �l�e�v�e�l�s� �o�f� �a�g�r�e�e�m�e�n�t�,� �w�h�i�c�h� 

�w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� 

�D�I�S�C�U�S�S�I�O�N� 

�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �e�x�a�m�i�n�e� �v�e�r�b�a�l� �a�n�d� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �a�n�d� �t�o� �a�s�s�e�s�s� �w�h�e�t�h�e�r� �a� �v�a�r�i�e�t�y� �o�f� �f�r�o�n�t�a�l� 

�l�o�b�e� �t�a�s�k�s�,� �w�i�t�h� �p�u�r�p�o�r�t�e�d� �l�a�t�e�r�a�l�i�z�i�n�g� �a�b�i�l�i�t�y�,� �c�o�u�l�d� 

�r�e�l�i�a�b�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �b�e�t�w�e�e�n� �t�h�e�s�e� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s�.� 

�S�u�b�j�e�c�t�s� �w�e�r�e� �a�s�s�e�s�s�e�d� �o�n� �b�o�t�h� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �a�n�d� �f�o�u�r� 

�e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p�s� �w�e�r�e� �c�o�n�s�t�r�u�c�t�e�d�;� �H�i�g�h� �V�e�r�b�a�l�/�H�i�g�h� 

�N�o�n�v�e�r�b�a�l�,� �H�i�g�h� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�,� �L�o�w� �V�e�r�b�a�l�/�H�i�g�h� 

�N�o�n�v�e�r�b�a�l� �a�n�d� �L�o�w� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� �A�s� �h�y�p�o�t�h�e�s�i�z�e�d�,
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�v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�e�d� �b�e�t�t�e�r� �o�n� �t�a�s�k�s� �t�h�o�u�g�h�t� 

�t�o� �t�a�p� �l�e�f�t� �h�e�m�i�s�p�h�e�r�e� �f�u�n�c�t�i�o�n�i�n�g�,� �i�n�c�l�u�d�i�n�g� �T�r�a�i�l�-�M�a�k�i�n�g� 

�T�e�s�t�s� �a�n�d� �t�h�e� �S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� �T�e�s�t�,� �t�h�a�n� �v�e�r�b�a�l�l�y� 

�n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�.� �O�n� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e� �t�a�s�k�s�,� �n�o�n�v�e�r�b�a�l�l�y� 

�f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�e�d� �b�e�t�t�e�r� �o�n� �t�h�e� �R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� 

�T�e�s�t� �t�h�a�n� �n�o�n�v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�,� �b�u�t� �n�o�t� �o�n� 

�m�e�a�s�u�r�e�s� �o�f� �f�a�c�i�a�l� �i�n�t�e�n�s�i�t�y� �a�n�d� �a�c�c�u�r�a�c�y�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� 

�p�a�u�c�i�t�y� �o�f� �f�i�n�d�i�n�g�s� �o�n� �m�o�t�o�r� �t�a�s�k�s� �(�t�h�e�r�e� �w�a�s� �o�n�e� 

�u�n�p�r�e�d�i�c�t�e�d� �f�i�n�d�i�n�g�)� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e�s�e� �w�i�l�l� �b�e� �l�i�m�i�t�e�d�.� 

�T�h�e� �f�o�c�u�s� �o�f� �t�h�i�s� �s�e�c�t�i�o�n� �w�i�l�l� �b�e� �o�n� �t�h�e� �p�s�y�c�h�o�m�e�t�r�i�c� �a�n�d� 

�c�o�n�c�e�p�t�u�a�l� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �f�l�u�e�n�c�y� �f�i�n�d�i�n�g�s�.� 

�A� �b�u�l�k� �o�f� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�s�e�a�r�c�h� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�v�e�r�b�a�l� �f�l�u�e�n�c�y� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �s�e�n�s�i�t�i�v�e� �t�o� �l�e�f�t� �f�r�o�n�t�a�l� 

�l�o�b�e� �f�u�n�c�t�i�o�n�i�n�g� �(�s�e�e� �L�e�z�a�k�,� �1�9�8�3�)�.� �W�h�i�l�e� �t�h�e� �c�o�m�p�o�n�e�n�t� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �m�e�c�h�a�n�i�s�m�s� �o�f� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �t�a�s�k�s� �a�r�e� 

�n�o�t� �f�u�l�l�y� �a�p�p�r�e�c�i�a�t�e�d�,� �R�a�n�d�o�l�f�,� �B�r�u�a�n�,� �G�o�l�d�b�e�r�g�,� �&� �C�h�a�s�e� 

�(�1�9�9�3�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�n� �i�n�t�a�c�t� �l�i�n�g�u�i�s�t�i�c� �s�t�o�r�e� �(�i�.�e�.� �a� 

�l�e�x�i�c�o�n�)� �i�s� �e�s�s�e�n�t�i�a�l�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�f�f�e�c�t�i�v�e�l�y� 

�r�e�t�r�i�e�v�e� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �i�t�.� �M�o�r�e�o�v�e�r�,� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� 

�s�e�a�r�c�h� �t�h�r�o�u�g�h� �t�h�i�s� �l�e�x�i�c�o�n�,� �w�h�i�c�h� �r�e�q�u�i�r�e�s� �s�u�c�c�e�s�s�i�v�e� 

�s�h�i�f�t�s� �i�n� �m�e�n�t�a�l� �s�e�t� �a�n�d� �c�o�g�n�i�t�i�v�e� �f�l�e�x�i�b�i�l�i�t�y�,� �i�s� �c�r�i�t�i�c�a�l� 

�t�o� �p�r�e�v�e�n�t� �p�e�r�s�e�v�e�r�a�t�i�v�e� �o�r� �s�t�e�r�e�o�t�y�p�e�d� �r�e�s�p�o�n�s�e�s�.� �T�h�e� 

�a�b�i�l�i�t�y� �t�o� �g�e�n�e�r�a�t�e� �t�h�e� �w�o�r�d�s� �a�s� �o�u�t�p�u�t�,� �w�h�i�c�h� �i�n� �t�h�i�s� 

�e�x�p�e�r�i�m�e�n�t� �w�a�s� �i�n� �a� �w�r�i�t�t�e�n� �f�o�r�m�a�t�,� �i�s� �a�l�s�o� �v�i�t�a�l�.� �F�i�n�a�l�l�y�,� 

�a� �n�o�n�s�p�e�c�i�f�i�c� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�i�s� �t�a�s�k� �i�s� �p�s�y�c�h�o�m�o�t�o�r�/�m�e�n�t�a�l
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�p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d�,� �a�s� �s�u�b�j�e�c�t�s� �w�h�o� �h�a�v�e� �t�h�e� �c�o�r�e� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �c�o�m�p�e�t�e�n�c�i�e�s� �l�i�s�t�e�d� �a�b�o�v�e�,� �w�i�l�l� �o�b�v�i�o�u�s�l�y� 

�e�n�h�a�n�c�e� �t�h�e�i�r� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �f�a�s�t�e�r� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d�.� 

�G�i�v�e�n� �t�h�e� �c�o�m�p�l�e�x� �c�o�m�p�o�n�e�n�t�s� �o�f� �v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �i�t� �i�s� 

�i�n�s�t�r�u�c�t�i�v�e� �t�o� �a�s�s�e�s�s� �h�o�w� �t�h�i�s� �t�a�s�k� �m�i�g�h�t� �b�e� �r�e�l�a�t�e�d� �t�o� 

�p�u�r�p�o�r�t�e�d� �m�e�a�s�u�r�e�s� �o�f� �l�e�f�t� �f�r�o�n�t�a�l� �l�o�b�e� �f�u�n�c�t�i�o�n�i�n�g�.� �B�o�t�h� 

�T�r�a�i�l�-�M�a�k�i�n�g� �t�e�s�t�s� �r�e�q�u�i�r�e� �a�t�t�e�n�t�i�o�n�,� �p�s�y�c�h�o�m�o�t�o�r� �s�p�e�e�d� �a�n�d�,� 

�i�n� �T�r�a�i�l�s� �B�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� �a�l�t�e�r�n�a�t�e� �b�e�t�w�e�e�n� �s�e�t�s� �o�f� 

�n�u�m�b�e�r�s� �a�n�d� �l�e�t�t�e�r�s�.� �T�h�e�r�e� �a�r�e� �n�o� �v�e�r�b�a�l� �d�e�m�a�n�d�s� �i�n� �T�r�a�i�l�s� 

�A�,� �a�n�d� �l�i�m�i�t�e�d� �v�e�r�b�a�l� �d�e�m�a�n�d�s� �i�n� �T�r�a�i�l�s� �B�.� �T�h�e� �a�s�s�o�c�i�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�e� �C�O�W�A�T� �a�n�d� �t�h�e�s�e� �t�e�s�t�s� �t�h�u�s� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� 

�a� �f�u�n�c�t�i�o�n� �o�f� �v�e�r�b�a�l� �p�r�o�c�e�s�s�i�n�g�,� �-�b�u�t� �r�a�t�h�e�r� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�p�e�r�f�o�r�m� �s�p�e�e�d�e�d� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�i�n�g� �a�n�d�,� �i�f� �n�e�c�e�s�s�a�r�y�,� �t�o� 

�s�h�i�f�t� �c�o�g�n�i�t�i�v�e� �s�e�t�.� �S�u�s�t�a�i�n�e�d� �a�t�t�e�n�t�i�o�n� �i�s� �a�l�s�o� �o�b�v�i�o�u�s�l�y� 

�r�e�q�u�i�r�e�d�.� �T�h�e� �l�a�c�k� �o�f� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �C�O�W�A�T� �a�n�d� 

�m�o�t�o�r� �t�a�s�k�s�,� �p�r�e�c�l�u�d�e�s� �s�i�g�n�i�f�i�c�a�n�t� �i�n�v�o�l�v�e�m�e�n�t� �o�f� 

�p�s�y�c�h�o�m�o�t�o�r� �s�p�e�e�d� �s�e�e� �(�T�a�b�l�e� �5�)�.� �V�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� 

�a�r�e� �t�h�u�s� �a�b�l�e� �t�o� �g�e�n�e�r�a�t�e� �m�a�n�y� �w�o�r�d�s� �t�o� �c�o�n�f�r�o�n�t�a�t�i�o�n�,� �w�h�i�c�h� 

�i�s� �l�i�k�e�l�y� �s�e�c�o�n�d�a�r�y� �t�o� �b�a�s�i�c� �m�e�n�t�a�l� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d� �a�n�d� �t�h�e� 

�a�b�i�l�i�t�y� �t�o� �r�e�m�a�i�n� �c�o�g�n�i�t�i�v�e�l�y� �f�l�e�x�i�b�l�e�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� 

�t�o� �n�o�t�e� �t�h�e� �D�F�T� �w�a�s� �n�o�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �T�r�a�i�l�-�M�a�k�i�n�g� 

�T�e�s�t�s�,� �t�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �w�h�i�c�h� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

�T�h�e� �S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� �t�e�s�t� �w�a�s� �t�h�e� �o�t�h�e�r� �l�e�f�t� 

�h�e�m�i�s�p�h�e�r�e� �t�a�s�k� �a�s�s�e�s�s�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �a�n�d� �i�t� �c�o�n�s�i�s�t�s� 

�o�f� �t�h�r�e�e� �c�o�n�d�i�t�i�o�n�s�;� �w�o�r�d� �r�e�a�d�i�n�g�,� �c�o�l�o�r� �r�e�a�d�i�n�g� �a�n�d� �c�o�l�o�r�-
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�w�o�r�d�-�r�e�a�d�i�n�g�.� �V�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �p�e�r�f�o�r�m�e�d� �b�e�t�t�e�r� �i�n� 

�e�a�c�h� �c�o�n�d�i�t�i�o�n� �t�h�a�n� �v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�.� �R�e�l�a�t�i�v�e� 

�t�o� �t�h�e� �T�r�a�i�l�-�M�a�k�i�n�g� �T�e�s�t�s�,� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�i�s� �t�a�s�k� 

�c�o�n�s�i�s�t� �o�f� �a� �h�e�a�v�y� �v�e�r�b�a�l� �c�o�m�p�o�n�e�n�t�.� �T�h�i�s� �v�e�r�b�a�l� �c�o�m�p�o�n�e�n�t� 

�i�s� �q�u�i�t�e� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �t�h�e� �C�O�W�A�T�,� �h�o�w�e�v�e�r�,� �a�s� �i�t� �r�e�q�u�i�r�e�s� 

�r�e�a�d�i�n�g� �i�t�e�m�s� �r�a�t�h�e�r� �t�h�a�n� �g�e�n�e�r�a�t�i�n�g� �t�h�e�m� �t�o� �c�o�n�f�r�o�n�t�a�t�i�o�n�.� 

�I�n� �t�h�e� �t�h�i�r�d� �a�n�d� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �c�o�n�d�i�t�i�o�n�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�i�n�h�i�b�i�t� �o�r� �t�o� �s�u�p�p�r�e�s�s� �u�s�u�a�l� �v�e�r�b�a�l� �r�e�s�p�o�n�s�e�s� �i�s� �r�e�q�u�i�r�e�d�.� 

�A�s� �s�u�c�h�,� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �r�e�q�u�i�r�e� �r�a�p�i�d� �r�e�a�d�i�n�g� �o�r� �c�o�l�o�r�-� 

�n�a�m�i�n�g�,� �w�h�i�c�h� �p�r�e�s�u�p�p�o�s�e�s� �i�n�t�a�c�t� �p�e�r�c�e�p�t�u�a�l� �p�r�o�c�e�s�s�e�s� �a�n�d� 

�t�h�e� �a�b�i�l�i�t�y� �t�o� �p�r�o�d�u�c�e� �i�t�e�m�s� �a�s� �o�r�a�l� �o�u�t�p�u�t�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �S�t�r�o�o�p� �a�n�d� �t�h�e� �C�O�W�A�T� �m�a�y� �s�i�m�p�l�y� �b�e� 

�a� �f�u�n�c�t�i�o�n� �o�f� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d�.� �H�o�w�e�v�e�r�,� �g�i�v�e�n� 

�t�h�e� �f�i�n�d�i�n�g�s� �i�n� �t�h�e� �t�h�i�r�d� �c�o�n�d�i�t�i�o�n�,� �t�h�e�i�r� �r�e�l�a�t�i�o�n�s�h�i�p� �m�a�y� 

�a�l�s�o� �b�e� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �a�b�i�l�i�t�y� �t�o� �s�u�p�p�r�e�s�s� �m�o�r�e� �a�u�t�o�m�a�t�i�c� 

�r�e�s�p�o�n�s�e�s� �(�s�e�e� �P�e�r�r�e�t�,� �1�9�7�4�)�.� �T�h�i�s� �i�s� �r�e�l�e�v�a�n�t� �i�n� �t�h�e� 

�C�O�W�A�T�,� �a�s� �t�h�i�s� �c�o�m�p�e�t�e�n�c�e� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �e�f�f�e�c�t�i�v�e�l�y� 

�d�i�s�c�o�n�t�i�n�u�e� �a� �s�e�a�r�c�h� �s�t�r�a�t�e�g�y� �a�n�d� �t�o� �b�e�g�i�n� �a�n� �a�l�t�e�r�n�a�t�i�v�e�.� 

�W�i�t�h�o�u�t� �t�h�i�s� �c�a�p�a�b�i�l�i�t�y�,� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �i�n�t�r�u�s�i�o�n�s� �o�r� 

�i�n�c�o�r�r�e�c�t� �r�e�s�p�o�n�s�e�s� �w�o�u�l�d� �p�r�e�s�u�m�a�b�l�y� �b�e� �g�e�n�e�r�a�t�e�d�.� �O�v�e�r�a�l�l�,� 

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �C�O�W�A�T� �a�n�d� �t�h�e� �S�t�r�o�o�p� �C�o�l�o�r�-�W�o�r�d� 

�T�e�s�t� �a�p�p�e�a�r�s� �t�o� �b�e� �a� �f�u�n�c�t�i�o�n� �o�f� �n�o�n�-�s�p�e�c�i�f�i�c� �f�a�c�t�o�r�s� �(�i�.�e�.� 

�s�p�e�e�d�e�d� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�i�n�g�)�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�i�n�h�i�b�i�t� �a�u�t�o�m�a�t�i�c� �r�e�s�p�o�n�s�e�s�.� �A� �s�i�m�i�l�a�r� �r�e�l�a�t�i�o�n�s�h�i�p� �w�a�s� �n�o�t
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�c�o�n�s�i�s�t�e�n�t�l�y� �o�b�s�e�r�v�e�d� �f�o�r� �t�h�e� �D�F�T�,� �w�h�i�c�h� �w�i�l�l� �b�e� �h�i�g�h�l�i�g�h�t�e�d� 

�b�e�l�o�w�.� 

�N�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �a�s� �a�s�s�e�s�s�e�d� �b�y� �t�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� 

�T�e�s�t� �(�D�F�T�)�,� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e� �c�r�i�t�e�r�i�o�n� 

�m�e�a�s�u�r�e�.� �T�h�o�u�g�h� �t�h�e� �o�v�e�r�a�l�l� �M�A�N�O�V�A� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �t�h�i�s� 

�w�a�s� �s�o�l�e�l�y� �d�u�e� �t�o� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� 

�T�e�s�t� �(�R�F�F�T�)�,� �a�n�d� �n�o�t� �t�h�e� �f�a�c�i�a�l� �a�c�c�u�r�a�c�y� �o�r� �i�n�t�e�n�s�i�t�y� 

�m�e�a�s�u�r�e�s�.� �T�h�u�s�,� �n�o�n�v�e�r�b�a�l�l�y� �f�l�u�e�n�t� �s�u�b�j�e�c�t�s� �p�r�o�d�u�c�e�d� �m�o�r�e� 

�d�e�s�i�g�n�s� �o�n� �t�h�e� �R�F�F�T� �t�h�a�n� �n�o�n�v�e�r�b�a�l�l�y� �n�o�n�f�l�u�e�n�t� �s�u�b�j�e�c�t�s�,� �b�u�t� 

�d�i�d� �n�o�t� �e�x�p�r�e�s�s� �a�f�f�e�c�t� �m�o�r�e� �i�n�t�e�n�s�e�l�y� �o�r� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y�.� 

�T�h�e� �e�f�f�e�c�t� �f�o�r� �t�h�e� �R�F�F�T� �i�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g�,� �g�i�v�e�n� �t�h�a�t� �b�o�t�h� 

�i�t� �a�n�d� �t�h�e� �D�F�T� �a�r�e� �m�e�a�s�u�r�e�s� �o�f� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�.� �D�e�s�p�i�t�e� 

�t�h�i�s� �s�i�m�i�l�a�r�i�t�y�,� �e�a�c�h� �a�p�p�r�o�a�c�h�e�s� �t�h�e� �c�o�n�s�t�r�u�c�t� �i�n� �a� 

�d�i�f�f�e�r�e�n�t� �f�a�s�h�i�o�n�;� �t�h�e� �D�F�T� �i�s� �l�e�s�s� �s�t�r�u�c�t�u�r�e�d� �a�n�d� �r�e�q�u�i�r�e�s� 

�m�o�r�e� �f�l�e�x�i�b�i�l�i�t�y�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�h�e� �F�r�e�e� �C�o�n�d�i�t�i�o�n�.� 

�C�o�n�v�e�r�s�e�l�y�,� �t�h�e� �R�F�F�T� �r�e�q�u�i�r�e�s� �s�u�b�j�e�c�t�s� �t�o� �c�o�n�n�e�c�t� �a� �s�e�r�i�e�s� 

�o�f� �d�o�t�s� �i�n� �a�s� �m�a�n�y� �u�n�i�q�u�e� �w�a�y�s� �a�s� �p�o�s�s�i�b�l�e�,� �p�r�o�v�i�d�i�n�g� 

�i�n�c�r�e�a�s�e�d� �s�t�r�u�c�t�u�r�e� �t�o� �t�h�e� �t�a�s�k�.� �T�h�e�o�r�e�t�i�c�a�l�l�y�,� �t�h�i�s� �m�a�y� 

�t�h�u�s� �b�e� �a� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �m�e�a�s�u�r�e� �o�f� �f�r�o�n�t�a�l� �l�o�b�e� 

�f�u�n�c�t�i�o�n�i�n�g�,� �b�e�c�a�u�s�e� �i�t� �d�o�e�s� �n�o�t� �r�e�q�u�i�r�e� �t�h�e� �s�u�b�j�e�c�t� �t�o� 

�i�m�p�o�s�e� �h�i�s� �o�r� �h�e�r� �o�w�n� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �t�a�s�k� 

�(�s�e�e� �b�e�l�o�w�)�.� �N�o�n�e�t�h�e�l�e�s�s�,� �t�h�e� �o�v�e�r�a�l�l� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e� 

�M�A�N�O�V�A� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �l�a�r�g�e�l�y� �b�e�c�a�u�s�e� �o�f� �t�h�e� �R�F�F�T� �e�f�f�e�c�t�.� 

�D�e�s�p�i�t�e� �e�v�i�d�e�n�c�e� �t�o� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �D�F�T� �a�n�d� �f�a�c�i�a�l� 

�m�e�a�s�u�r�e�s� �o�f� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y� �a�r�e� �s�u�b�s�u�m�e�d� �b�y� �s�i�m�i�l�a�r
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�c�e�r�e�b�r�a�l� �r�e�g�i�o�n�s�,� �n�o� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� 

�w�a�s� �f�o�u�n�d�.� �T�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n�s�.� 

�F�i�r�s�t�,� �e�i�t�h�e�r� �o�f� �t�h�e�s�e� �m�e�a�s�u�r�e�s� �m�a�y� �s�i�m�p�l�y� �n�o�t� �t�a�p� �t�h�e� 

�t�a�r�g�e�t�e�d� �c�e�r�e�b�r�a�l� �r�e�g�i�o�n�s�.� �A�s� �t�h�e� �f�a�c�i�a�l� �m�e�a�s�u�r�e�s� �w�e�r�e� 

�d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �a�n�d� �d�o� �n�o�t� �h�a�v�e� �a� 

�n�e�t�w�o�r�k� �o�f� �s�u�p�p�o�r�t�i�n�g� �r�e�s�e�a�r�c�h�,� �r�e�l�a�t�i�v�e�l�y� �l�e�s�s� �i�s� �k�n�o�w�n� �o�f� 

�t�h�e�m� �a�n�d� �t�h�e�i�r� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �o�t�h�e�r� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� 

�t�a�s�k�s�.� �T�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �f�a�c�i�a�l� �m�e�a�s�u�r�e�s� �i�s� �t�h�u�s� 

�q�u�e�s�t�i�o�n�a�b�l�e� �a�n�d� �a�w�a�i�t�s� �f�u�r�t�h�e�r� �e�x�a�m�i�n�a�t�i�o�n�.� �A�s�s�e�s�s�m�e�n�t� �o�f� 

�t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e�s�e� �m�e�a�s�u�r�e�s� �i�s� �f�u�r�t�h�e�r� �h�a�m�p�e�r�e�d� �b�y� �l�o�w� 

�l�e�v�e�l�s� �o�f� �i�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y�,� �a�n� �i�s�s�u�e� �w�h�i�c�h� �w�i�l�l� �b�e� 

�d�e�t�a�i�l�e�d� �b�e�l�o�w�.� �F�i�n�a�l�l�y�,� �t�h�i�s� �f�i�n�d�i�n�g� �m�a�y� �s�i�m�p�l�y� �b�e� �d�u�e� �t�o� 

�m�e�t�h�o�d� �v�a�r�i�a�n�c�e�,� �a�s� �t�h�e� �f�a�c�i�a�l� �m�e�a�s�u�r�e�s� �w�e�r�e� �t�h�e� �o�n�l�y� �t�a�s�k�s� 

�w�h�i�c�h� �w�e�r�e� �n�o�t� �s�i�m�p�l�e� �p�a�p�e�r�-�a�n�d�-�p�e�n�c�i�l�.� �o�r� �m�o�t�o�r� �m�e�a�s�u�r�e�s�.� 

�I�t� �i�s� �r�e�a�s�o�n�a�b�l�e� �t�o� �t�h�e�n� �i�n�f�e�r� �t�h�a�t� �a� �w�i�d�e�r�-�r�a�n�g�e� �o�f� 

�c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�e�s� �w�e�r�e� �t�a�p�p�e�d�,� �a�n�d� �a�s� �a� �r�e�s�u�l�t�,� �b�r�o�a�d�e�r� 

�c�e�r�e�b�r�a�l� �a�r�e�a�s�.� �I�f� �s�o�,� �t�h�e� �p�o�o�r� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �f�a�c�i�a�l� 

�m�e�a�s�u�r�e�s� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e�i�r� �u�n�i�q�u�e� �s�t�a�t�u�s� �i�n� �t�h�i�s� 

�e�x�p�e�r�i�m�e�n�t� �a�s� �t�h�e� �o�n�l�y� �t�a�s�k� �w�i�t�h� �c�o�m�p�l�e�x� �m�o�t�o�r�i�c� �d�e�m�a�n�d�s�.� 

�S�i�m�i�l�a�r� �t�o� �t�h�e� �f�a�c�i�a�l� �m�e�a�s�u�r�e�s�,� �t�h�e� �m�o�t�o�r� �t�a�s�k�s� �t�h�o�u�g�h�t� 

�t�o� �h�a�v�e� �l�a�t�e�r�a�l�i�z�i�n�g� �s�i�g�n�i�f�i�c�a�n�c�e� �a�l�s�o� �p�e�r�f�o�r�m�e�d� �p�o�o�r�l�y� �i�n� 

�t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �T�h�i�s� �a�g�a�i�n� �m�a�y� �s�i�m�p�l�y� �b�e� �d�u�e� �t�o� �m�e�t�h�o�d� 

�v�a�r�i�a�n�c�e�,� �a�s� �t�h�e� �m�o�t�o�r� �t�a�s�k�s� �r�e�q�u�i�r�e�d� �r�a�t�h�e�r� �c�i�r�c�u�m�s�c�r�i�b�e�d� 

�i�n�v�o�l�v�e�m�e�n�t� �o�f� �t�h�e� �d�i�s�t�a�l� �e�x�t�r�e�m�i�t�i�e�s�,� �w�i�t�h� �m�i�n�i�m�a�l� �h�i�g�h�e�r�-� 

�o�r�d�e�r� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e�s�e� �m�o�t�o�r� �t�a�s�k�s� �m�a�y� �t�h�u�s� �n�o�t
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�b�e� �s�e�n�s�i�t�i�v�e� �t�o� �a�c�c�u�r�a�t�e�l�y� �e�v�a�l�u�a�t�e� �f�u�n�c�t�i�o�n�a�l� �c�e�r�e�b�r�a�l� 

�a�s�y�m�m�e�t�r�i�e�s� �i�n� �n�o�r�m�a�l�s�,� �t�h�o�u�g�h� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �d�o� �s�o� �i�n� 

�b�r�a�i�n�-�d�a�m�a�g�e�d� �p�o�p�u�l�a�t�i�o�n�s� �h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �(�H�a�a�l�a�n�d� �&� 

�D�e�l�a�n�e�y�,� �1�9�8�1�)�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e�s�e� �m�o�t�o�r� 

�m�e�a�s�u�r�e�s� �a�r�e� �r�a�r�e�l�y� �u�s�e�d� �a�l�o�n�e� �c�l�i�n�i�c�a�l�l�y�,� �b�u�t� �s�u�p�p�l�e�m�e�n�t� 

�o�t�h�e�r� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �d�a�t�a� �t�o� �b�o�l�s�t�e�r� �c�l�a�i�m�s� �a�b�o�u�t� 

�p�o�t�e�n�t�i�a�l�l�y� �l�a�t�e�r�a�l�i�z�e�d� �d�a�m�a�g�e�.� 

�N�o�n�v�e�r�b�a�l� �F�l�u�e�n�c�y�:� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t� �(�D�F�T�)� 

�T�h�e� �p�s�y�c�h�o�m�e�t�r�i�c� �q�u�a�l�i�t�i�e�s� �o�f� �t�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t� 

�(�D�F�T�)� �w�e�r�e� �a� �p�a�r�t�i�c�u�l�a�r� �c�o�n�c�e�r�n� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �D�e�s�p�i�t�e� 

�c�o�n�c�e�r�n�s� �a�b�o�u�t� �i�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y�,� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�u�l�t�s� 

�d�e�m�o�n�s�t�r�a�t�e� �h�i�g�h� �r�a�t�e�s� �o�f� �i�n�t�e�r�r�a�t�e�r� �a�g�r�e�e�m�e�n�t� �(�i�n� �t�h�e� �r�a�n�g�e� 

�o�f� �.�9�7�)� �a�n�d� �s�u�g�g�e�s�t� �t�h�a�t� �t�r�a�i�n�e�d� �s�c�o�r�e�r�s� �c�a�n� �r�e�l�i�a�b�l�y� �s�c�o�r�e� 

�t�h�e� �D�F�T�.� �T�h�o�u�g�h� �t�h�i�s� �f�i�n�d�i�n�g� �i�s� �e�n�c�o�u�r�a�g�i�n�g�,� �i�t� �d�o�e�s� �n�o�t� 

�a�d�d�r�e�s�s� �t�h�e� �m�e�a�s�u�r�e�'�s� �v�a�l�i�d�i�t�y�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �n�u�m�b�e�r� �o�f� 

�p�r�o�t�o�c�o�l�s� �h�a�d� �a� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �q�u�i�t�e� �i�n�t�r�i�c�a�t�e� �a�n�d� 

�e�l�a�b�o�r�a�t�e� �d�e�s�i�g�n�s� �i�n� �t�h�e� �F�r�e�e� �C�o�n�d�i�t�i�o�n�.� �A� �l�i�m�i�t�e�d� �n�u�m�b�e�r� 

�o�f� �s�u�c�h� �d�e�s�i�g�n�s� �m�a�y� �r�e�f�l�e�c�t� �p�e�r�s�e�v�e�r�a�t�i�o�n�,� �a�s� �t�h�e� �s�u�b�j�e�c�t� 

�m�a�y� �h�a�v�e� �b�e�e�n� �u�n�a�b�l�e� �t�o� �g�e�n�e�r�a�t�e� �n�e�w�,� �u�n�i�q�u�e� �d�e�s�i�g�n�s�,� �a�n�d� 

�t�h�u�s� �c�o�n�t�i�n�u�e�d� �t�o� �e�l�a�b�o�r�a�t�e� �o�n� �t�h�e� �e�x�i�s�t�i�n�g� �d�e�s�i�g�n�.� �O�n� �t�h�e� 

�o�t�h�e�r� �h�a�n�d�,� �t�h�i�s� �o�v�e�r�e�l�a�b�o�r�a�t�i�o�n� �m�a�y� �b�e� �c�o�n�s�t�r�u�e�d� �t�o� �r�e�f�l�e�c�t� 

�e�n�h�a�n�c�e�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �a�s� �t�h�e� �s�u�b�j�e�c�t� �g�e�n�e�r�a�t�e�d� �a�n� 

�e�x�t�r�e�m�e�l�y� �c�o�m�p�l�e�x� �f�i�g�u�r�e� �w�i�t�h� �n�u�m�e�r�o�u�s� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e�s�e� 

�a�d�d�e�d� �c�o�m�p�o�n�e�n�t�s� �a�l�s�o� �a�p�p�e�a�r�e�d� �t�o� �t�a�p� �t�h�e� �c�o�n�s�t�r�u�c�t� �o�f� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �a�s� �t�h�e�y� �w�e�r�e� �u�n�i�q�u�e� �a�n�d� �u�n�n�a�m�e�a�b�l�e�,
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�t�h�o�u�g�h� �t�h�e�y� �w�e�r�e� �n�o�t� �c�o�u�n�t�e�d� �a�s� �s�e�p�a�r�a�t�e� �b�e�c�a�u�s�e� �t�h�e�y� �w�e�r�e� 

�p�a�r�t� �o�f� �a� �l�a�r�g�e�r� �d�e�s�i�g�n�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� 

�i�n�s�t�r�u�c�t�i�o�n�s� �c�l�e�a�r�l�y� �s�t�i�p�u�l�a�t�e� �t�h�a�t� �t�h�e� �t�a�s�k� �r�e�q�u�i�r�e�s� �t�h�e� 

�e�x�e�c�u�t�i�o�n� �o�f� �a�s� �m�a�n�y� �u�n�i�q�u�e� �d�e�s�i�g�n�s� �a�s� �p�o�s�s�i�b�l�e�.� �A�s�s�u�m�i�n�g� 

�s�u�b�j�e�c�t�s� �w�e�r�e� �f�a�i�t�h�f�u�l� �t�o� �s�u�c�h� �d�i�r�e�c�t�i�o�n�s�,� �t�h�e� �m�o�r�e� 

�r�e�a�s�o�n�a�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �a� �l�o�w� �n�u�m�b�e�r� �o�f� �o�v�e�r�e�l�a�b�o�r�a�t�e�d� 

�d�e�s�i�g�n�s� �i�s� �t�h�a�t� �s�u�b�j�e�c�t�s� �w�e�r�e� �u�n�a�b�l�e� �t�o� �g�e�n�e�r�a�t�e� �n�e�w� 

�d�e�s�i�g�n�s�.� �O�v�e�r�a�l�l�,� �t�h�i�s� �i�s�s�u�e� �i�s� �c�l�e�a�r�l�y� �p�r�o�b�l�e�m�a�t�i�c�,� �a�n�d� �i�t� 

�r�a�i�s�e�s� �a� �n�u�m�b�e�r� �o�f� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� 

�D�F�T�.� 

�T�h�i�s� �v�a�l�i�d�i�t�y� �i�s�s�u�e� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �r�e�l�e�v�a�n�t� �f�o�r� �t�h�e� 

�F�r�e�e� �C�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �D�F�T�,� �i�n� �w�h�i�c�h� �s�u�b�j�e�c�t�s� �a�r�e� �i�n�s�t�r�u�c�t�e�d� 

�t�o� �g�e�n�e�r�a�t�e� �a�s� �m�a�n�y� �u�n�i�q�u�e� �a�n�d� �u�n�n�a�m�e�a�b�l�e� �d�e�s�i�g�n�s� �a�s� 

�p�o�s�s�i�b�l�e�.� �O�v�e�r�l�y� �e�l�a�b�o�r�a�t�e� �d�e�s�i�g�n�s� �d�i�d� �n�o�t� �o�c�c�u�r� �i�n� �t�h�e� 

�F�i�x�e�d� �C�o�n�d�i�t�i�o�n�,� �a�s� �s�u�b�j�e�c�t�s� �w�e�r�e� �l�i�m�i�t�e�d� �t�o� �c�r�e�a�t�i�n�g� 

�d�e�s�i�g�n�s� �w�i�t�h� �o�n�l�y� �f�o�u�r� �l�i�n�e�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �a�p�p�a�r�e�n�t� 

�a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �F�i�x�e�d� �C�o�n�d�i�t�i�o�n� �p�l�a�c�e�s� �g�r�e�a�t�e�r� �s�t�r�u�c�t�u�r�e� 

�a�n�d� �l�i�m�i�t�s� �o�n� �t�h�e� �t�a�s�k� �a�n�d�,� �i�n� �e�f�f�e�c�t�,� �m�a�y� �m�a�k�e� �i�t� �a� �l�e�s�s� 

�s�e�n�s�i�t�i�v�e� �c�h�a�l�l�e�n�g�e� �t�o� �t�h�e� �i�n�t�e�g�r�i�t�y� �o�f� �t�h�e� �f�r�o�n�t�a�l� �l�o�b�e�s�.� 

�T�h�e� �m�o�r�e� �i�n�s�t�r�u�c�t�i�o�n�s� �a�n�d� �p�a�r�a�m�e�t�e�r�s� �c�r�e�a�t�e�s� �a� �l�e�s�s� 

�a�m�b�i�g�u�o�u�s�,� �m�o�r�e� �s�t�r�u�c�t�u�r�e�d� �t�a�s�k�,� �i�n� �w�h�i�c�h� �s�u�b�j�e�c�t�s�'� 

�i�n�i�t�i�a�t�i�v�e�,� �c�o�g�n�i�t�i�v�e� �f�l�e�x�i�b�i�l�i�t�y�,� �a�n�d� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �s�t�y�l�e� 

�a�r�e� �n�o�t� �a�s� �r�e�a�d�i�l�y� �t�a�p�p�e�d�.� �I�n� �f�a�c�t�,� �e�a�r�l�y� �s�t�u�d�i�e�s� �w�i�t�h� 

�s�t�a�n�d�a�r�d�i�z�e�d� �i�n�t�e�l�l�e�c�t�u�a�l� �t�e�s�t�s� �d�i�d� �n�o�t� �d�e�m�o�n�s�t�r�a�t�e� 

�c�o�n�s�i�s�t�e�n�t� �d�e�c�r�e�m�e�n�t�s� �i�n� �f�r�o�n�t�a�l� �l�o�b�e� �p�a�t�i�e�n�t�s�,� �w�h�i�c�h� �m�a�y
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�h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �t�h�e� �t�i�g�h�t�l�y� �c�o�n�t�r�o�l�l�e�d� �n�a�t�u�r�e� �o�f� �t�h�e�s�e� 

�t�e�s�t�s� �(�s�e�e� �S�t�u�s�s� �&� �B�e�n�s�o�n�,� �1�9�8�6�,� �p�p�.� �1�9�5�-�1�9�9�)�.� �T�h�e�r�e�f�o�r�e�,� 

�e�v�e�n� �w�i�t�h� �t�h�e� �a�b�o�v�e�-�n�o�t�e�d� �d�i�f�f�i�c�u�l�t�i�e�s�,� �t�e�s�t�s� �s�u�c�h� �a�s� �t�h�e� 

�F�r�e�e� �C�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �D�F�T� �o�f�t�e�n� �r�e�v�e�a�l� �a� �s�u�b�j�e�c�t�'�s� �a�p�p�r�o�a�c�h� 

�t�o� �a� �p�r�o�b�l�e�m�,� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �s�t�y�l�e�,� �a�s� �w�e�l�l� �a�s� �h�i�s� �o�r� �h�e�r� 

�a�b�i�l�i�t�y� �t�o� �f�l�e�x�i�b�l�y� �g�e�n�e�r�a�t�e� �u�n�i�q�u�e� �m�a�t�e�r�i�a�l�.� �T�h�e�s�e� 

�a�t�t�r�i�b�u�t�e�s� �m�a�y� �b�e� �d�e�t�e�r�m�i�n�e�d� �v�i�a� �q�u�a�l�i�t�a�t�i�v�e� �d�e�s�i�g�n� 

�a�n�a�l�y�s�i�s�,� �b�u�t� �t�h�e�y� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �q�u�a�n�t�i�f�y� �a�n�d� �t�o� �s�u�b�m�i�t� 

�t�o� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s�.� �O�v�e�r�a�l�l�,� �t�h�i�s� �d�i�s�c�u�s�s�i�o�n� 

�h�i�g�h�l�i�g�h�t�s� �t�h�e� �p�a�r�a�d�o�x� �o�f� �t�h�e� �D�F�T� �a�n�d� �o�t�h�e�r� �p�u�r�p�o�r�t�e�d� 

�f�r�o�n�t�a�l� �l�o�b�e� �t�a�s�k�s�-�-�t�h�e� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y� �t�h�e�y� �t�a�p� �p�u�r�p�o�r�t�e�d� 

�f�r�o�n�t�a�l� �p�r�o�c�e�s�s�e�s�,� �t�h�e� �m�o�r�e� �p�s�y�c�h�o�m�e�t�r�i�c� �a�n�d� �c�o�n�c�e�p�t�u�a�l� 

�d�i�f�f�i�c�u�l�t�i�e�s� �a�r�e� �l�i�k�e�l�y� �t�o� �e�m�e�r�g�e�.� 

�V�e�r�b�a�l� �F�l�u�e�n�c�y�:� �C�o�n�t�r�o�l�l�e�d� �O�r�a�l� �W�o�r�d� �A�s�s�o�c�i�a�t�i�o�n� �T�e�s�t� 

�(�C�O�W�A�T�)� 

�W�h�i�l�e� �t�h�e� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �t�a�s�k� �e�m�p�l�o�y�e�d� �i�n� �t�h�i�s� 

�e�x�p�e�r�i�m�e�n�t� �i�s� �r�e�l�a�t�i�v�e�l�y� �w�e�l�l�-�e�s�t�a�b�l�i�s�h�e�d� �(�C�O�W�A�T�)�,� �t�h�e�r�e� �a�r�e� 

�s�e�v�e�r�a�l� �i�m�p�o�r�t�a�n�t� �i�s�s�u�e�s� �t�o� �c�o�n�s�i�d�e�r�.� �S�u�c�h� �a� �t�a�s�k� 

�p�r�e�s�u�p�p�o�s�e�s� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �i�n�t�a�c�t� �v�e�r�b�a�l� �l�e�x�i�c�o�n�,� �o�r� 

�s�t�o�r�e� �o�f� �m�a�t�e�r�i�a�l�-�s�p�e�c�i�f�i�c� �m�e�m�o�r�y�,� �w�h�i�c�h� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� 

�o�r�g�a�n�i�z�e�d� �i�n� �a� �c�o�n�c�e�p�t�u�a�l�l�y� �r�e�l�a�t�e�d� �f�r�a�m�e�w�o�r�k� �(�E�s�t�e�s�,� �1�9�7�4�)�.� 

�T�h�i�s� �m�o�d�e�l� �p�r�e�s�u�p�p�o�s�e�s� �t�h�a�t� �a�l�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �l�e�x�i�c�o�n� 

�a�r�e� �l�i�n�k�e�d� �o�r� �a�s�s�o�c�i�a�t�e�d� �v�i�a� �i�n�t�e�r�l�i�n�k�i�n�g� �n�o�d�e�s�.� �A� �c�o�n�c�e�p�t�,� 

�s�u�c�h� �a�s� �t�h�e� �l�e�t�t�e�r� �c�a�t�e�g�o�r�y� �"�F�"�,� �c�o�n�s�i�s�t�s� �o�f� �a�l�l� �t�h�e� 

�a�s�s�o�c�i�a�t�e�d� �n�o�d�e�s�,� �o�r� �w�o�r�d�s� �t�h�a�t� �b�e�g�i�n� �w�i�t�h� �t�h�a�t� �l�e�t�t�e�r
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�(�G�r�u�e�n�e�w�a�l�d� �&� �L�o�c�k�h�e�a�d�,� �1�9�8�0�)�.� �T�h�e� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�e�s� 

�a�c�t�i�v�a�t�e�d� �d�u�r�i�n�g� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �t�a�s�k�s� �m�a�y� �t�h�e�n� �b�e� 

�c�o�n�c�e�p�t�u�a�l�i�z�e�d� �a�s� �a� �m�e�m�o�r�y� �s�e�a�r�c�h� �t�h�a�t� �i�n�v�o�l�v�e�s� �t�h�e� 

�a�c�t�i�v�a�t�i�o�n� �o�f� �s�p�e�c�i�f�i�c� �l�e�x�i�c�o�n�s�,� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �t�h�e� 

�s�i�m�u�l�t�a�n�e�o�u�s� �r�e�s�t�r�i�c�t�i�o�n� �o�f� �o�t�h�e�r�s�.� �T�h�e� �C�O�W�A�T� �t�h�u�s� �r�e�q�u�i�r�e�s� 

�t�h�e� �i�n�t�e�g�r�i�t�y� �o�f� �s�e�m�a�n�t�i�c� �s�t�o�r�e�s�,� �w�h�i�c�h� �a�r�e� �o�b�v�i�o�u�s�l�y� 

�v�e�r�b�a�l�,� �a�n�d� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �e�f�f�i�c�i�e�n�t�l�y� �r�e�t�r�i�e�v�e� �t�h�i�s� 

�m�a�t�e�r�i�a�l�,� �w�h�i�c�h�,� �a�s� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �d�e�m�o�n�s�t�r�a�t�e�s�,� �i�s� 

�d�e�p�e�n�d�e�n�t� �o�n� �m�a�n�y� �c�o�g�n�i�t�i�v�e� �c�o�m�p�o�n�e�n�t�s�.� �R�e�s�e�a�r�c�h� �w�i�t�h� 

�H�u�n�t�i�n�g�t�o�n�'�s�,� �A�l�z�h�e�i�m�e�r�'�s�,� �a�n�d� �P�a�r�k�i�n�s�o�n�'�s� �p�a�t�i�e�n�t�s� �h�a�s� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �s�e�m�a�n�t�i�c� �s�t�o�r�e�s� �a�n�d� �r�e�t�r�i�e�v�a�l� �p�r�o�c�e�s�s�e�s� 

�a�r�e� �d�i�s�s�o�c�i�a�b�l�e� �(�R�a�n�d�o�l�p�h� �e�t� �a�l�.�,� �1�9�9�3�)�.� �I�n� �t�h�i�s� 

�e�x�p�e�r�i�m�e�n�t�,� �A�l�z�h�e�i�m�e�r�'�s� �d�i�s�e�a�s�e�,� �t�h�e� �o�n�l�y� �c�o�r�t�i�c�a�l� �d�e�m�e�n�t�i�a�,� 

�w�a�s� �n�o�t�e�d� �t�o� �i�n�c�l�u�d�e� �l�o�s�s� �o�f� �s�e�m�a�n�t�i�c� �s�t�o�r�e�s�,� �w�h�i�c�h� �i�s� �a� 

�r�e�s�u�l�t� �o�f� �d�e�g�e�n�e�r�a�t�i�v�e� �c�h�a�n�g�e�s� �i�n� �p�e�r�i�s�y�l�v�i�a�n� �c�o�r�t�i�c�a�l� 

�r�e�g�i�o�n�s�,� �b�u�t� �n�o� �r�e�t�r�i�e�v�a�l� �d�e�f�i�c�i�t�s�.� �T�h�e� �C�O�W�A�T� �i�s� �t�h�e�r�e�f�o�r�e� 

�t�h�o�u�g�h�t� �t�o� �i�n�v�o�l�v�e� �d�i�s�t�i�n�c�t� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s�,� 

�w�h�i�c�h� �h�a�v�e� �b�e�e�n� �d�i�s�s�o�c�i�a�t�e�d� �i�n� �a� �n�e�u�r�o�l�o�g�i�c�a�l�l�y� �i�m�p�a�i�r�e�d� 

�p�o�p�u�l�a�t�i�o�n�.� �T�h�e�s�e� �p�r�o�c�e�s�s�e�s�,� �a�s� �w�e�l�l� �t�h�e� �o�t�h�e�r� �p�r�o�c�e�s�s�e�s� 

�d�e�t�a�i�l�e�d� �a�b�o�v�e�,� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �d�i�f�f�i�c�u�l�t� �t�o� �e�v�a�l�u�a�t�e� �i�n� 

�n�o�r�m�a�l�s�.� 

�T�h�i�s� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �C�O�W�A�T� �r�a�i�s�e�s� �c�o�n�s�i�d�e�r�a�b�l�e� 

�q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �i�t�s� �c�o�m�p�a�r�a�b�i�l�i�t�y� �t�o� �t�h�e� �D�F�T�.� �G�i�v�e�n� 

�t�h�a�t� �t�h�e� �d�e�s�i�g�n�s� �t�o� �b�e� �g�e�n�e�r�a�t�e�d� �o�n� �t�h�e� �D�F�T� �a�r�e� �t�o� �b�e� �u�n�i�q�u�e� 

�a�n�d� �u�n�n�a�m�e�a�b�l�e�,� �i�t� �i�s� �u�n�l�i�k�e�l�y� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �l�e�x�i�c�o�n�,� �o�r
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�s�t�o�r�e� �o�f� �m�a�t�e�r�i�a�l�-�s�p�e�c�i�f�i�c� �i�n�f�o�r�m�a�t�i�o�n�,� �f�o�r� �n�o�n�v�e�r�b�a�l� 

�m�a�t�e�r�i�a�l� �w�h�i�c�h� �t�h�e� �s�u�b�j�e�c�t� �m�u�s�t� �s�e�a�r�c�h� �t�h�r�o�u�g�h�.� �W�h�i�l�e� �t�h�e� 

�C�O�W�A�T� �a�p�p�e�a�r�s� �t�o� �t�a�p� �t�h�e� �a�b�i�l�i�t�y� �t�o� �q�u�i�c�k�l�y� �s�e�a�r�c�h� �t�h�r�o�u�g�h� 

�a�n� �e�x�i�s�t�i�n�g� �s�e�t� �o�f� �s�t�o�r�e�d� �m�a�t�e�r�i�a�l�,� �t�h�e� �D�F�T� �m�a�y� �b�e� �m�o�r�e� 

�d�e�p�e�n�d�e�n�t� �o�n� �d�i�v�e�r�g�e�n�t� �t�h�i�n�k�i�n�g�,� �t�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �n�o�v�e�l� 

�s�o�l�u�t�i�o�n�s� �t�o� �a�m�b�i�g�u�o�u�s� �s�i�t�u�a�t�i�o�n�s�,� �a�n�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �n�e�w� 

�c�o�g�n�i�t�i�v�e� �c�a�t�e�g�o�r�i�e�s� �(�B�u�t�l�e�r� �e�t� �a�l�.�,� �1�9�9�3�)�.� �T�h�e�s�e� �l�a�t�t�e�r� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s� �t�a�p� �v�a�r�i�a�b�l�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�w�h�a�t� �s�o�m�e� �a�u�t�h�o�r�s� �h�a�v�e�.� �r�e�f�e�r�r�e�d� �t�o� �a�s� �c�r�e�a�t�i�v�i�t�y� �(�G�a�r�d�n�e�r�,� 

�1�9�9�3�,� �p�p�.� �1�7�-�4�5�)�.�.� �A�s� �a� �r�e�s�u�l�t�,� �i�t� �i�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g� �t�h�a�t� 

�t�h�e� �C�O�W�A�T�,� �b�u�t� �n�o�t� �t�h�e� �D�F�T�,� �w�a�s� �s�e�n�s�i�t�i�v�e� �t�o� �t�a�s�k�s� �w�i�t�h� �t�i�m�e� 

�c�o�n�s�t�r�a�i�n�t�s� �a�n�d� �w�h�i�c�h� �r�e�q�u�i�r�e� �s�p�e�e�d�e�d� �m�e�n�t�a�l� �p�r�o�c�e�s�s�i�n�g�.� 

�T�h�e� �o�l�d� �d�i�c�h�o�t�o�m�y� �b�e�t�w�e�e�n� �s�p�e�e�d� �a�n�d� �p�o�w�e�r� �t�e�s�t�s� �m�a�y� �b�e� 

�r�e�l�e�v�a�n�t� �h�e�r�e�,� �a�s� �t�h�e� �D�F�T� �m�a�y� �b�e� �t�h�o�u�g�h�t� �o�f� �a�s� �a� �p�o�w�e�r� �t�e�s�t�,� 

�i�n� �w�h�i�c�h� �a�m�p�l�e� �t�i�m�e� �i�s� �g�i�v�e�n� �t�o� �c�o�m�p�l�e�t�e� �t�h�e� �t�a�s�k�,� �a�n�d� �t�h�e� 

�C�O�W�A�T� �a�s� �a� �t�e�s�t� �o�f� �s�p�e�e�d�e�d� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�i�n�g�.� �O�v�e�r�a�l�l�,� 

�t�h�e� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �m�e�c�h�a�n�i�s�m�s� �t�a�p�p�e�d� �b�y� �t�h�e� �C�O�W�A�T� �a�n�d� 

�t�h�e� �D�F�T� �d�i�f�f�e�r� �a�n�d�,� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �t�h�e�y� �a�r�e� �l�i�k�e�l�y� �t�o� 

�c�h�a�l�l�e�n�g�e� �f�r�o�n�t�a�l� �l�o�b�e� �f�u�n�c�t�i�o�n�i�n�g� �i�n� �u�n�i�q�u�e� �w�a�y�s�.� 

�A�d�v�a�n�t�a�g�e�s� �a�n�d� �D�i�s�a�d�v�a�n�t�a�g�e�s� �o�f� �t�h�i�s� �E�x�p�e�r�i�m�e�n�t� 

�O�n�e� �p�a�r�t�i�c�u�l�a�r� �d�e�f�i�c�i�e�n�c�y� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �i�s� �t�h�e� 

�s�a�m�p�l�e�,� �a� �g�r�o�u�p� �o�f� �c�o�l�l�e�g�e� �m�a�l�e�s�,� �w�h�i�c�h� �m�a�k�e�s� �p�a�r�c�e�l�l�a�t�i�o�n� 

�o�f� �t�h�e� �c�o�n�s�t�i�t�u�e�n�t� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �f�l�u�e�n�c�y� �t�a�s�k�s� 

�a�i�f�f�i�c�u�l�t�.� �T�h�e�s�e� �t�a�s�k�s� �w�o�u�l�d� �b�e�n�e�f�i�t� �f�r�o�m� �f�u�t�u�r�e� �e�v�a�l�u�a�t�i�o�n� 

�w�i�t�h�i�n� �n�e�u�r�o�l�o�g�i�c�a�l�l�y� �i�m�p�a�i�r�e�d� �p�o�p�u�l�a�t�i�o�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,
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�r�e�s�e�a�r�c�h� �w�i�t�h� �r�i�g�h�t�-�h�e�m�i�s�p�h�e�r�e� �d�a�m�a�g�e�d� �s�u�b�j�e�c�t�s� �(�J�o�a�n�e�t�t�e� �&� 

�G�o�u�l�e�t�,� �1�9�8�6�)�,� �s�c�h�i�z�o�p�h�r�e�n�i�c�s� �(�G�r�u�z�e�l�i�e�r� �e�t� �a�l�.�,� �1�9�8�8�)�,� �a�n�d� 

�p�a�t�i�e�n�t�s� �w�i�t�h� �A�l�z�h�e�i�m�e�r�'�s�,� �P�a�r�k�i�n�s�o�n�'�s�,� �a�n�d� �H�u�n�t�i�n�g�t�o�n�'�s� 

�d�i�s�e�a�s�e� �(�e�.�g�.� �G�u�r�d� �&� �W�a�r�d�,� �1�9�8�9�;� �R�a�n�d�o�l�p�h�,� �e�t� �a�l�.�,� �1�9�9�3�)� 

�h�a�s� �b�e�e�n� �h�e�l�p�f�u�l� �i�n� �b�e�g�i�n�n�i�n�g� �t�o� �s�c�r�u�t�i�n�i�z�e� �t�h�e� �m�a�n�y� �f�a�c�e�t�s� 

�o�f� �f�l�u�e�n�c�y�.� �I�n� �f�a�c�t�,� �d�i�s�s�o�c�i�a�t�i�o�n� �o�f� �t�h�e� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� 

�f�l�u�e�n�c�y� �c�o�n�s�t�r�u�c�t� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �m�o�s�t� �r�e�a�d�i�l�y� �o�b�s�e�r�v�e�d� �w�h�e�n� 

�i�n�d�i�v�i�d�u�a�l�s� �w�i�t�h� �k�n�o�w�n� �b�r�a�i�n� �p�a�t�h�o�l�o�g�y� �h�a�v�e� �s�p�e�c�i�f�i�c� 

�c�e�r�e�b�r�a�l� �r�e�g�i�o�n�s� �c�h�a�l�l�e�n�g�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �a�n�o�t�h�e�r� 

�p�r�o�m�i�s�i�n�g� �r�e�s�e�a�r�c�h� �a�r�e�a� �i�s� �t�o� �u�s�e� �e�m�e�r�g�i�n�g� �b�r�a�i�n�-�i�m�a�g�i�n�g� 

�t�e�c�h�n�o�l�o�g�i�e�s� �t�o� �e�v�a�l�u�a�t�e� �b�r�a�i�n� �r�e�g�i�o�n�s� �s�e�l�e�c�t�i�v�e�l�y� �a�c�t�i�v�a�t�e�d� 

�b�y� �t�h�e�s�e� �a�n�d� �r�e�l�a�t�e�d� �t�a�s�k�s� �(�e�.�g�.� �P�e�t�e�r�s�e�n� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�T�h�e� �p�r�o�h�i�b�i�t�i�v�e� �e�x�p�e�n�s�e� �o�f� �t�h�e�s�e� �p�r�o�c�e�d�u�r�e�s� �m�a�k�e� �s�u�c�h� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�s� �d�i�f�f�i�c�u�l�t� �f�o�r� �m�o�s�t� �r�e�s�e�a�r�c�h�e�r�s�.� �N�o�n�e�t�h�e�l�e�s�s�,� 

�t�h�e� �m�a�i�n� �d�i�f�f�i�c�u�l�t� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �t�h�a�t� �t�h�e� �i�n�t�e�g�r�i�t�y� 

�o�f� �t�h�e� �f�r�o�n�t�a�l� �l�o�b�e�s� �p�r�e�s�u�p�p�o�s�e�d� �i�n� �t�h�e�s�e� �n�o�r�m�a�l�s� �d�o�e�s� �n�o�t� 

�a�l�l�o�w� �p�r�e�c�i�s�e� �p�a�r�c�e�l�l�a�t�i�o�n� �o�f� �t�h�e� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� 

�p�r�o�c�e�s�s�e�s� �t�h�o�u�g�h�t� �t�o� �c�o�n�s�t�i�t�u�t�e� �f�l�u�e�n�c�y�.� 

�A�n�o�t�h�e�r� �a�r�e�a� �o�f� �c�o�n�c�e�r�n� �i�s� �t�h�e� �i�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y� 

�o�f� �t�h�e� �f�a�c�i�a�l� �m�e�a�s�u�r�e�s� �w�h�i�c�h� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�,� �b�u�t� �s�o�m�e�w�h�a�t� 

�l�o�w�e�r� �t�h�a�n� �e�x�p�e�c�t�e�d�.� �D�e�s�p�i�t�e� �p�i�l�o�t� �s�t�u�d�i�e�s�,� �t�h�e� �t�a�s�k� 

�p�r�o�v�e�d� �t�o� �b�e� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�h�a�n� �a�n�t�i�c�i�p�a�t�e�d�.� �[�I�n� �f�a�c�t�,� 

�s�e�v�e�r�a�l� �s�u�b�j�e�c�t�s� �w�e�r�e� �r�u�n� �t�h�r�o�u�g�h� �e�x�t�r�a� �p�r�a�c�t�i�c�e� �t�r�i�a�l�s� 

�b�e�f�o�r�e� �t�h�e�y� �a�d�e�q�u�a�t�e�l�y� �c�o�m�p�r�e�h�e�n�d�e�d� �t�h�e� �p�r�o�c�e�d�u�r�e�s�.� �A�l�s�o� 

�p�r�o�b�l�e�m�a�t�i�c� �w�e�r�e� �s�e�v�e�r�a�l� �s�u�b�j�e�c�t�s� �w�h�o� �d�e�m�o�n�s�t�r�a�t�e�d� �a� �m�a�r�k�e�d
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�l�a�c�k� �o�f� �a�f�f�e�c�t�i�v�e� �e�x�p�r�e�s�s�i�v�i�t�y�,� �a�s� �t�h�e�y� �w�e�r�e� �e�x�t�r�e�m�e�l�y� 

�"�f�l�a�t�"� �a�n�d� �h�a�d� �d�i�f�f�i�c�u�l�t�y� �g�e�n�e�r�a�t�i�n�g� �e�v�e�n� �t�h�e� �m�o�s�t� �s�i�m�p�l�e� 

�f�a�c�e�.� �A�s� �a� �r�e�s�u�l�t�,� �a�c�c�u�r�a�c�y� �i�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�i�e�s� �w�e�r�e� 

�m�o�s�t� �a�f�f�e�c�t�e�d�,� �t�h�o�u�g�h� �i�n�t�e�n�s�i�t�y� �m�e�a�s�u�r�e�s� �w�e�r�e� �r�e�l�a�t�i�v�e�l�y� 

�g�o�o�d�.� �O�v�e�r�a�l�l�,� �i�n�t�e�r�r�a�t�e�r� �a�g�r�e�e�m�e�n�t� �f�o�r� �t�h�e� �f�a�c�i�a�l� �m�e�a�s�u�r�e�s� 

�w�a�s� �a�t� �a� �l�e�v�e�l� �w�h�i�c�h� �r�a�i�s�e�s� �q�u�e�s�t�i�o�n�s� �a�b�o�u�t� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� 

�o�f� �t�h�i�s� �n�e�w�l�y� �d�e�v�e�l�o�p�e�d� �t�a�s�k�.� �W�i�t�h� �t�h�i�s� �l�e�v�e�l� �o�f� 

�r�e�l�i�a�b�i�l�i�t�y�,� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �m�e�a�s�u�r�e�'�s� �v�a�l�i�d�i�t�y� �i�s� �h�e�n�c�e� 

�q�u�e�s�t�i�o�n�a�b�l�e�,� �a�n�d� �t�h�e� �p�o�o�r� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�i�s� �m�e�a�s�u�r�e� �m�a�y� 

�s�i�m�p�l�y� �r�e�f�l�e�c�t� �t�h�e�s�e� �p�s�y�c�h�o�m�e�t�r�i�c� �d�i�f�f�i�c�u�l�t�i�e�s� �r�a�t�h�e�r� �t�h�a�n� 

�p�r�i�n�c�i�p�l�e�s� �o�f� �c�e�r�e�b�r�a�l� �o�r�g�a�n�i�z�a�t�i�o�n�.� 

�D�e�s�p�i�t�e� �t�h�e� �a�b�o�v�e� �d�i�f�f�i�c�u�l�t�i�e�s�,� �t�h�e� �m�a�i�n� �c�o�n�t�r�i�b�u�t�i�o�n� 

�o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �i�s� �i�t�'�s� �s�y�s�t�e�m�a�t�i�c� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �b�o�t�h� 

�v�e�r�b�a�l� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �c�o�n�s�t�r�u�c�t�s�.� �T�o� �t�h�e� �a�u�t�h�o�r�'�s� 

�k�n�o�w�l�e�d�g�e�,� �n�o� �p�r�e�v�i�o�u�s� �w�o�r�k� �h�a�s� �e�x�a�m�i�n�e�d� �t�h�e� �m�a�i�n� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �i�n�s�t�r�u�m�e�n�t�s� �t�h�o�u�g�h�t� �t�o� �t�a�p� �t�h�e�s�e� 

�m�e�a�s�u�r�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�h�e�i�r� �r�e�l�i�a�b�i�l�i�t�y�,� �t�h�e�i�r� 

�i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s�,� �a�n�d� �t�h�e�i�r� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�t�h� �o�t�h�e�r� 

�p�u�r�p�o�r�t�e�d� �f�r�o�n�t�a�l� �l�o�b�e� �t�a�s�k�s�.� �T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �u�n�i�q�u�e� �i�n� 

�t�h�a�t� �i�t� �c�o�m�p�l�e�t�e�d� �t�h�e� �l�a�t�t�e�r� �a�n�a�l�y�s�e�s� �f�o�r� �v�e�r�b�a�l� �a�n�d� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �b�y� �c�o�n�t�r�o�l�l�i�n�g� �f�o�r� �t�h�e� �o�t�h�e�r� 

�f�l�u�e�n�c�y� �m�e�a�s�u�r�e�,� �a�n�d� �t�h�u�s� �p�r�e�s�u�m�a�b�l�y� �t�h�e� �n�o�n�s�p�e�c�i�f�i�c� �e�f�f�e�c�t�s� 

�o�f� �f�l�u�e�n�c�y� �(�e�.�g�.� �g�e�n�e�r�a�t�i�v�i�t�y�,� �f�l�e�x�i�b�i�l�i�t�y�)�.� �T�h�i�s� �w�a�s� �n�o�t� 

�d�o�n�e� �s�t�a�t�i�s�t�i�c�a�l�l�y�,� �b�u�t� �i�n� �a� �m�a�n�n�e�r� �s�e�n�s�i�t�i�v�e� �t�o� �a� �l�o�n�g�-� 

�t�r�a�d�i�t�i�o�n�a�l� �o�f� �a� �p�r�o�c�e�s�s�-�o�r�i�e�n�t�e�d� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l
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�a�s�s�e�s�s�m�e�n�t�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�i�s� �r�e�s�e�a�r�c�h� �p�r�o�v�i�d�e�s� �a� �s�p�e�c�i�f�i�c� 

�r�a�t�i�o�n�a�l�e� �a�n�d� �p�r�o�t�o�c�o�l� �f�o�r� �e�x�a�m�i�n�i�n�g� �f�a�c�i�a�l� �a�c�c�u�r�a�c�y� �a�n�d� 

�i�n�t�e�n�s�i�t�y�,� �c�o�n�s�t�r�u�c�t�s� �t�h�o�u�g�h�t� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� �r�i�g�h�t� �f�r�o�n�t�a�l� 

�l�o�b�e� �f�u�n�c�t�i�o�n�i�n�g�.� �W�h�i�l�e� �t�h�e�s�e� �m�e�a�s�u�r�e�s� �p�e�r�f�o�r�m�e�d� �q�u�i�t�e� 

�p�o�o�r�l�y� �r�e�l�a�t�i�v�e� �t�o� �o�t�h�e�r� �m�e�a�s�u�r�e�s�,� �f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �i�n� �t�h�i�s� 

�a�r�e�a� �m�a�y� �h�e�l�p� �e�l�u�c�i�d�a�t�e� �t�h�e� �p�r�o�c�e�s�s�e�s� �b�y� �w�h�i�c�h� �f�a�c�i�a�l� 

�e�x�p�r�e�s�s�i�v�i�t�y� �i�s� �m�e�d�i�a�t�e�d�.� �I�n� �a�l�l�,� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �p�r�o�v�i�d�e�s� 

�e�m�p�i�r�i�c�a�l� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l� �a�d�v�a�n�c�e�s� �t�o� �o�u�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� 

�f�l�u�e�n�c�y�,� �w�h�i�l�e� �a�t�t�e�m�p�t�i�n�g� �t�o� �r�e�m�a�i�n� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� 

�c�l�i�n�i�c�a�l� �r�o�l�e� �o�f�t�e�n� �p�l�a�y�e�d� �b�y� �t�h�e�s�e� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� 

�c�o�n�s�t�r�u�c�t�s�.� 

�F�l�u�e�n�c�y�:� �T�h�e�o�r�e�t�i�c�a�l� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �a�n�d� �F�u�t�u�r�e� �D�i�r�e�c�t�i�o�n�s� 

�A� �f�u�t�u�r�e� �g�o�a�l� �f�o�r� �f�r�o�n�t�a�l� �l�o�b�e� �t�a�s�k�s� �i�s� �t�o� �b�a�l�a�n�c�e� 

�p�s�y�c�h�o�m�e�t�r�i�c� �i�n�t�e�g�r�i�t�y� �a�n�d� �t�a�s�k� �p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �t�a�p� �t�h�e� 

�r�e�l�e�v�a�n�t� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s�.� �F�o�r� �n�o�n�v�e�r�b�a�l� 

�f�l�u�e�n�c�y�,� �a� �p�o�t�e�n�t�i�a�l� �m�e�t�h�o�d� �f�o�r� �a�c�h�i�e�v�i�n�g� �t�h�i�s� �i�n� �t�h�e� �F�r�e�e� 

�C�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �D�F�T� �i�s� �t�o� �i�m�p�o�s�e� �t�i�m�e� �l�i�m�i�t�s� �f�o�r� �t�h�e� 

�e�x�e�c�u�t�i�o�n� �o�f� �e�a�c�h� �d�e�s�i�g�n�.� �T�h�i�s� �w�o�u�l�d� �p�r�e�s�u�m�a�b�l�y� �e�l�i�m�i�n�a�t�e� 

�o�v�e�r�l�y� �e�l�a�b�o�r�a�t�e� �d�e�s�i�g�n�s�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �s�u�b�j�e�c�t�s� �m�i�g�h�t� �b�e� 

�g�i�v�e�n� �a� �s�m�a�l�l� �p�a�d� �o�f� �p�a�p�e�r� �a�n�d� �i�n�s�t�r�u�c�t�e�d� �t�o� �g�e�n�e�r�a�t�e� �a� 

�u�n�i�q�u�e� �d�e�s�i�g�n� �o�n� �e�a�c�h� �s�h�e�e�t�.� �T�h�e�y� �w�o�u�l�d� �b�e� �g�i�v�e�n� �a�n� 

�a�l�l�o�t�t�e�d� �t�i�m�e� �f�o�r� �e�a�c�h� �d�e�s�i�g�n�,� �a�f�t�e�r� �w�h�i�c�h� �t�h�e�y� �w�o�u�l�d� �b�e� 

�i�n�s�t�r�u�c�t�e�d� �t�o� �t�u�r�n� �t�o� �t�h�e� �n�e�x�t� �s�h�e�e�t� �a�n�d� �t�o� �g�e�n�e�r�a�t�e� �a�n�o�t�h�e�r� 

�d�e�s�i�g�n�.� �T�h�i�s� �t�i�m�e� �r�e�q�u�i�r�e�m�e�n�t� �w�o�u�l�d� �m�a�k�e� �t�h�e� �t�a�s�k� �s�o�m�e�w�h�a�t� 

�m�o�r�e� �s�t�r�u�c�t�u�r�e�d�,� �b�u�t� �i�t� �w�o�u�l�d� �l�i�m�i�t� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �p�l�a�c�e�d
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�o�n� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �e�a�c�h� �d�e�s�i�g�n� �i�n� �a� �r�e�l�a�t�i�v�e�l�y� �n�o�n�e�v�a�s�i�v�e� 

�m�a�n�n�e�r�.� �T�h�i�s� �m�o�d�i�f�i�c�a�t�i�o�n� �w�o�u�l�d� �t�h�u�s� �s�t�i�l�l� �a�l�l�o�w� �t�h�e� �D�F�T� �t�o� 

�b�e� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �g�e�n�e�r�a�t�i�v�i�t�y� �a�n�d� �f�l�e�x�i�b�i�l�i�t�y� 

�h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �b�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �f�l�u�e�n�c�y�.� �H�o�w�e�v�e�r�,� �a�s� �i�s� 

�e�v�i�d�e�n�t� �f�r�o�m� �t�h�i�s� �s�i�m�p�l�e� �s�u�g�g�e�s�t�i�o�n�,� �b�y� �d�e�c�r�e�a�s�i�n�g� �t�h�e� 

�p�a�r�a�m�e�t�e�r�s� �b�y� �w�h�i�c�h� �s�u�b�j�e�c�t�s� �h�a�v�e� �t�o� �g�e�n�e�r�a�t�e� �d�e�s�i�g�n�s�,� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �s�u�b�j�e�c�t�s�'� �a�p�p�r�o�a�c�h�e�s� �t�o� �t�h�e�s�e� �d�e�s�i�g�n�s� �w�o�u�l�d� 

�a�l�s�o� �p�r�e�s�u�m�a�b�l�y� �d�e�c�r�e�a�s�e�.� �T�h�i�s� �i�s� �t�h�e� �p�a�r�a�d�o�x� �o�f� �f�r�o�n�t�a�l� 

�l�o�b�e�s� �t�a�s�k�s�-�-�a�s� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �d�e�c�r�e�a�s�e�d� 

�a�n�d� �t�h�e� �p�s�y�c�h�o�m�e�t�r�i�c� �q�u�a�l�i�t�i�e�s� �o�f� �t�h�e� �t�a�s�k� �p�r�e�s�u�m�a�b�l�y� 

�i�m�p�r�o�v�e�d�,� �i�n�d�i�v�i�d�u�a�l� �v�a�r�i�a�t�i�o�n�s� �i�n� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� 

�a�p�p�r�o�a�c�h�e�s� �a�r�e� �a�l�s�o� �r�e�d�u�c�e�d�.� 

�G�i�v�e�n� �q�u�e�s�t�i�o�n�s� �a�b�o�u�t� �t�h�e� �c�o�m�p�a�r�a�b�i�l�i�t�y� �o�f� �t�h�e� �D�F�T� �a�n�d� 

�t�h�e� �C�O�W�A�T�,� �a� �m�o�r�e� �r�e�a�s�o�n�a�b�l�e� �m�e�a�s�u�r�e� �o�f� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �m�a�y� 

�b�e� �t�o� �r�e�q�u�i�r�e� �s�u�b�j�e�c�t�s� �t�o� �g�e�n�e�r�a�t�e� �a� �s�t�o�r�y� �t�o� �c�o�m�m�a�n�d�.� �T�h�e� 

�m�e�a�s�u�r�e� �o�f� �i�n�t�e�r�e�s�t� �c�o�u�l�d� �b�e� �m�o�l�e�c�u�l�a�r�,� �t�h�e� �n�u�m�b�e�r� �o�f� �w�o�r�d�s� 

�g�e�n�e�r�a�t�e�d�,� �o�r� �m�o�r�e� �m�o�l�a�r�,� �s�u�c�h� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�m�p�l�e�t�e� 

�s�t�a�t�e�m�e�n�t�s� �g�e�n�e�r�a�t�e�d�.� �T�h�i�s� �t�a�s�k� �w�o�u�l�d� �p�r�e�s�u�m�a�b�l�y� �c�o�n�t�r�o�l� 

�f�o�r� �t�h�e� �a�s�p�e�c�t� �o�f� �t�h�e� �C�O�W�A�T� �w�h�i�c�h� �r�e�q�u�i�r�e�s� �s�u�b�j�e�c�t�s� �t�o� 

�s�e�a�r�c�h� �t�h�r�o�u�g�h� �a� �s�p�e�c�i�f�i�c�a�l�l�y� �i�d�e�n�t�i�f�i�e�d� �v�e�r�b�a�l� �l�e�x�i�c�o�n� 

�(�i�.�e�,� �w�o�r�d�s� �t�h�a�t� �b�e�g�i�n� �w�i�t�h� �a� �p�a�r�t�i�c�u�l�a�r� �l�e�t�t�e�r�)�.� �I�t� �w�o�u�l�d� 

�a�l�s�o� �b�e� �a� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �m�e�a�s�u�r�e� �o�f� �t�h�e� �a�b�i�l�i�t�y� �t�o� �g�e�n�e�r�a�t�e� 

�u�n�i�q�u�e� �a�n�d� �o�r�i�g�i�n�a�l� �m�a�t�e�r�i�a�l�,� �s�i�m�i�l�a�r� �t�o� �t�h�e� �D�F�T�,� �r�a�t�h�e�r� 

�t�h�a�n� �s�i�m�p�l�y� �l�i�s�t�i�n�g� �w�o�r�d�s�.� �A� �s�i�m�i�l�a�r� �t�a�s�k� �h�a�s� �b�e�e�n� 

�p�r�e�v�i�o�u�s�l�y� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� �n�e�u�r�o�l�i�n�g�u�i�s�t�i�c� �l�i�t�e�r�a�t�u�r�e
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�(�K�a�c�z�m�a�r�e�k�,� �1�9�8�2�;� �K�a�c�z�m�a�r�e�k�,� �1�9�8�4�)�,� �a�n�d� �i�t� �r�e�q�u�i�r�e�s� �b�r�a�i�n�-� 

�d�a�m�a�g�e�d� �s�u�b�j�e�c�t�s� �t�o� �g�e�n�e�r�a�t�e� �a� �s�t�o�r�y� �o�n� �a� �f�a�m�i�l�i�a�r� �t�o�p�i�c�.� 

�D�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s� �i�n�c�l�u�d�e�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �s�i�m�p�l�e� �a�n�d� 

�d�e�v�e�l�o�p�e�d� �s�e�n�t�e�n�c�e� �u�t�t�e�r�a�n�c�e�s�.� �A�s� �m�i�g�h�t� �b�e� �h�y�p�o�t�h�e�s�i�z�e�d�,� 

�l�e�f�t� �d�o�r�s�o�l�a�t�e�r�a�l� �a�n�d� �o�r�b�i�t�o�f�r�o�n�t�a�l� �p�a�t�i�e�n�t�s� �g�e�n�e�r�a�t�e�d� �l�e�s�s� 

�m�a�t�e�r�i�a�l� �t�h�a�n� �p�a�t�i�e�n�t�s� �w�i�t�h� �l�e�s�i�o�n�s� �e�l�s�e�w�h�e�r�e�,� �i�n�c�l�u�d�i�n�g� �t�h�e� 

�r�i�g�h�t� �f�r�o�n�t�a�l� �l�o�b�e�.� �S�i�m�i�l�a�r� �t�o� �t�h�e� �F�r�e�e� �C�o�n�d�i�t�i�o�n� �o�f� �t�h�e� 

�D�F�T�,� �t�h�e� �i�n�h�e�r�e�n�t� �a�d�v�a�n�t�a�g�e� �o�f� �s�u�c�h� �a� �t�a�s�k� �i�s� �t�h�a�t� �i�t� �h�a�s� 

�r�e�l�a�t�i�v�e�l�y� �f�e�w� �p�a�r�a�m�e�t�e�r�s� �a�n�d� �a�l�l�o�w�s� �s�u�b�s�t�a�n�t�i�a�l� �v�a�r�i�a�b�i�l�i�t�y� 

�i�n� �s�u�b�j�e�c�t�s�'� �a�p�p�r�o�a�c�h�e�s�,� �t�h�u�s� �t�a�p�p�i�n�g� �g�e�n�e�r�a�t�i�v�i�t�y�,� �p�r�o�b�l�e�m�-� 

�s�o�l�v�i�n�g�,� �a�n�d� �f�l�e�x�i�b�i�l�i�t�y�.� �N�o�n�e�t�h�e�l�e�s�s�,� �t�h�i�s� �t�a�s�k� �i�s� �a�l�s�o� 

�l�i�k�e�l�y� �t�o� �b�e� �h�a�m�p�e�r�e�d� �b�y� �t�h�e� �p�s�y�c�h�o�m�e�t�r�i�c� �a�n�d� �c�o�n�c�e�p�t�u�a�l� 

�p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �D�F�T�.� �H�o�w�e�v�e�r�,� �a� �s�o�m�e�w�h�a�t� �m�o�r�e� 

�s�t�r�u�c�t�u�r�e�d� �t�a�s�k� �e�x�i�s�t�s� �a�s� �p�a�r�t� �o�f� �t�h�e� �M�u�l�t�i�l�i�n�g�u�a�l� �A�p�h�a�s�i�a� 

�E�x�a�m�i�n�a�t�i�o�n�,� �w�h�i�c�h� �r�e�q�u�i�r�e�s� �g�e�n�e�r�a�t�i�o�n� �o�f� �a� �s�t�o�r�y� �t�o� �a� 

�p�r�e�s�e�n�t�e�d� �p�i�c�t�u�r�e� �(�B�e�n�t�o�n� �&� �H�a�m�s�h�e�r�,� �1�9�7�6�)�.� �W�h�i�l�e� �s�u�b�j�e�c�t�s�'� 

�p�r�o�d�u�c�t�i�o�n� �i�s� �t�y�p�i�c�a�l�l�y� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �s�p�e�l�l�i�n�g�,� �g�r�a�m�m�a�r�,� 

�a�n�d� �s�y�n�t�a�x�,� �o�t�h�e�r� �m�e�a�s�u�r�e�s� �c�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �t�o� �t�a�p� 

�f�l�u�e�n�c�y�.� �O�v�e�r�a�l�l�,� �t�h�i�s� �d�i�s�c�u�s�s�i�o�n� �h�i�g�h�l�i�g�h�t�s� �s�o�m�e� �o�f� �t�h�e� 

�i�n�h�e�r�e�n�t� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n�v�o�l�v�e�d� �i�n� �a�t�t�e�m�p�t�i�n�g� �t�o� �a�c�c�u�r�a�t�e�l�y� 

�a�s�s�e�s�s� �f�r�o�n�t�a�l�l�y� �m�e�d�i�a�t�e�d� �p�r�o�c�e�s�s�e�s�.� 

�S�u�m�m�a�r�y� 

�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �v�a�r�i�a�b�l�e�s� �t�h�o�u�g�h�t� �t�o� 

�a�s�s�e�s�s� �f�r�o�n�t�a�l� �l�o�b�e� �f�u�n�c�t�i�o�n� �r�e�l�i�a�b�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �b�e�t�w�e�e�n� 

�s�u�b�j�e�c�t�s� �g�r�o�u�p�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �v�e�r�b�a�l� �a�n�d� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y



�6�9� 

�m�e�a�s�u�r�e�s�.� �A�s� �h�y�p�o�t�h�e�s�i�z�e�d�,� �s�u�b�j�e�c�t�s� �h�i�g�h� �o�n� �v�e�r�b�a�l�,� �b�u�t� 

�n�o�t� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �p�e�r�f�o�r�m�e�d� �b�e�t�t�e�r� �o�n� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �t�a�s�k�s� �t�h�o�u�g�h�t� �t�o� �t�a�p� �l�e�f�t� �f�r�o�n�t�a�l� �l�o�b�e� 

�f�u�n�c�t�i�o�n�i�n�g�.� �S�i�m�i�l�a�r�l�y�,� �s�u�b�j�e�c�t�s� �h�i�g�h� �o�n� �n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� 

�p�e�r�f�o�r�m�e�d� �b�e�t�t�e�r� �o�n� �r�i�g�h�t� �f�r�o�n�t�a�l� �t�a�s�k�s�,� �b�u�t� �t�h�i�s� �e�f�f�e�c�t� �w�a�s� 

�a�c�c�o�u�n�t�e�d� �f�o�r� �b�y� �t�h�e� �R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� �T�e�s�t�.� �T�h�i�s� 

�e�x�p�e�r�i�m�e�n�t� �t�h�u�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �f�l�u�e�n�c�y� 

�m�e�a�s�u�r�e�s� �t�o� �d�i�s�c�r�i�m�i�n�a�t�e� �b�e�t�w�e�e�n� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �t�a�s�k�s� 

�t�h�o�u�g�h�t� �t�o� �a�s�y�m�m�e�t�r�i�c�a�l�l�y� �t�a�p� �f�r�o�n�t�a�l� �l�o�b�e� �f�u�n�c�t�i�o�n�i�n�g�.� 

�T�h�e�s�e� �f�i�n�d�i�n�g�s� �t�h�u�s� �e�x�t�e�n�d� �t�h�e� �c�o�n�s�t�r�u�c�t�s� �o�f� �b�o�t�h� �v�e�r�b�a�l� �a�n�d� 

�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y�,� �a�n�d� �b�y� �e�x�t�e�n�s�i�o�n�,� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n�s� �o�f� 

�h�o�w� �t�h�e� �f�r�o�n�t�a�l� �l�o�b�e�s� �m�a�y� �b�e� �i�n�v�o�l�v�e�d� �i�n� �c�o�m�p�l�e�x�,� �h�i�g�h�e�r�-� 

�o�r�d�e�r� �c�o�g�n�i�t�i�o�n�.� �W�h�i�l�e� �c�o�n�s�i�d�e�r�a�b�l�e� �e�f�f�o�r�t� �w�a�s� �s�p�e�n�t� 

�d�i�s�c�u�s�s�i�n�g� �t�h�e� �u�n�i�q�u�e� �w�a�y�s� �i�n� �w�h�i�c�h� �e�a�c�h� �t�a�s�k� �w�a�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s�,� �f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �i�s� �n�e�e�d�e�d� �t�o� 

�e�v�a�l�u�a�t�e� �t�h�e� �d�i�s�t�i�n�c�t� �c�o�n�s�t�i�t�u�e�n�t� �e�l�e�m�e�n�t�s� �o�f� �t�h�e�s�e� �t�a�s�k�s�.� 

�N�e�u�r�o�l�o�g�i�c�a�l�l�y� �i�m�p�a�i�r�e�d� �p�a�t�i�e�n�t�s�,� �w�i�t�h� �d�i�s�c�r�e�t�e� �a�r�e�s� �o�f� 

�i�n�v�o�l�v�e�m�e�n�t� �(�i�.�e�.� �s�u�b�c�o�r�t�i�c�a�l� �v�s�.� �c�o�r�t�i�c�a�l�)�,� �w�o�u�l�d� �l�i�k�e�l�y� �b�e� 

�u�s�e�f�u�l� �i�n� �f�u�r�t�h�e�r� �p�a�r�c�e�l�l�i�n�g� �t�h�e�s�e� �m�u�l�t�i�f�a�c�e�t�e�d� �t�a�s�k�s�.
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�N�o�t�e�:� 

�s�e�c�o�n�d�s� �r�e�q�u�i�r�e�d� �t�o� �c�o�m�p�l�e�t�e� �e�a�c�h� �p�a�r�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�S�t�r�o�o�p� �t�a�s�k�s� �a�r�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�r�r�e�c�t�l�y� �r�e�a�d� �i�t�e�m�s� �i�n� �t�h�e� 

�a�l�l�o�t�t�e�d� �t�i�m�e�.� 

�G�r�o�u�p� �3� �=� �L�o�w� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�.� 

�T�h�e� �m�e�a�s�u�r�e� �f�o�r� �T�r�a�i�l�s� �A� �a�n�d� �B� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� 

�A�l�l



�7�4� 

�T�a�b�l�e� �8� 

�M�e�a�n�s� �a�n�d� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�s�)� �o�f� �R�i�g�h�t� �H�e�m�i�s�p�h�e�r�e� 

�V�a�r�i�a�b�l�e�s� �b�y� �E�x�p�e�r�i�m�e�n�t�a�l� �G�r�o�u�p� 

� � 

� � 

�1� �2� �3� �4� 

�V�a�r�i�a�b�l�e� �M�e�a�n�s� �M�e�a�n�s� �M�e�a�n�s� �M�e�a�n�s� 

�R�F�F�T� �9�9�.�6�0� �7�9�.�6�7� �8�6�.�5�3� �6�8�.�4�7� 

�(�3�0�.�1�3�)� �(�2�6�.�5�6�)� �(�2�3�.�5�7�)� �(�2�6�.�6�7�)� 

�F�.� �A�C�C�U�R�A�C�Y� �7�1�.�4�3� �7�8�.�3�3� �7�3�.�2�1� �7�2�.�6�2� 

�(�2�5�.�0�2�)� �(�1�9�.�9�1�)� �(�1�1�.�8�7�)� �(�1�8�.�1�9�)� 

�F�.� �I�N�T�E�N�S�I�T�Y� �2�.�8�5� �2�.�8�5� �2�.�3�9� �2�.�5�7� 

�(�.�5�9�)� �(�.�8�2�)� �(�.�4�8�)� �(�.�7�9�)� 

� � 

�N�o�t�e�:� �G�r�o�u�p� �1� �=� �H�i�g�h� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�.� �G�r�o�u�p� �2� �=� �H�i�g�h� 

� � 

�V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� �G�r�o�u�p� �3� �=� �L�o�w� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�.� 

�G�r�o�u�p� �4� �=� �L�o�w� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� 

�N�o�t�e�:� �R�F�F�T� �=� �R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� �T�e�s�t�.� �F�.� �A�C�C�U�R�A�C�Y� �=� 

� � 

�F�a�c�i�a�l� �a�c�c�u�r�a�c�y�.� �a�v�e�r�a�g�e�d� �a�c�r�o�s�s� �1�4� �f�a�c�e�s� �a�n�d� �2� �r�a�t�e�r�s�,� 

�e�x�p�r�e�s�s�e�d� �a�s� �a� �p�e�r�c�e�n�t�a�g�e�.� �F�.� �I�N�T�E�N�S�I�T�Y� �=� �F�a�c�i�a�l� �i�n�t�e�n�s�i�t�y�,� 

�a�v�e�r�a�g�e�d� �a�c�r�o�s�s� �1�4� �f�a�c�e�s� �a�n�d� �2� �r�a�t�e�r�s�.� �R�a�t�i�n�g�s� �b�a�s�e�d� �o�n�a� 

�5�-�p�o�i�n�t� �L�i�k�e�r�t� �s�c�a�l�e�.



�T�a�b�l�e� �9� 

�M�e�a�n�s� �a�n�d� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�s�)� �o�f� �L�e�f�t�-�H�a�n�d� �(�L�H�)� �M�o�t�o�r� 

�V�a�r�i�a�b�l�e�s� �b�y� �E�x�p�e�r�i�m�e�n�t�a�l� �G�r�o�u�p� 

�7�5� 

� � 

� � 

� � 

�1� �2� �3� �4� 

�V�a�r�i�a�b�l�e� �M�e�a�n�s� �M�e�a�n�s� �M�e�a�n�s� �M�e�a�n�s� 

�L�H�F�T�A�V�E� �4�7�.�7�6� �4�7�.�9�6� �4�5�.�8�1� �4�6�.�5�2� 

�(�5�.�0�3�)� �(�5�.�2�4�)� �(�4�.�8�4�)� �(�4�.�4�5�)� 

�L�H�F�T�C�H�G� �4�.�1�3� �1�.�8�7� �3�.�6�7� �5�.�0�7� 

�(�5�.�8�5�)� �(�7�.�1�0�)� �(�4�.�6�4�)� �(�5�.�4�8�)� 

�L�H�D�Y�N�O�A�V�E� �3�9�.�0�3� �4�2�.�2�4� �4�1�.�0�4� �3�8�.�1�7� 

�(�5�.�3�5�)� �(�6�.�1�1�)� �(�6�.�0�5�)� �(�7�.�3�3�)� 

�L�H�D�Y�N�O�C�H�G� �5�.�8�0� �3�.�1�3� �4�.�2�0� �3�.�9�3� 

�(�4�.�9�0�)� �(�3�.�8�7�)� �(�3�.�3�8�)� �(�2�.�6�3�)� 

�L�H�D�Y�N�O�P�E�R� �3�8�.�3�6� �2�8�.�1�2� �1�9�.�7�8� �3�2�.�6�6� 

�(�1�2�.�2�0�)� �(�1�5�.�5�2�)� �(�1�1�.�3�9�)� �(�1�4�.�8�5�)� 

�N�o�t�e�:� �G�r�o�u�p� �1� �H�i�g�h� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�.� �G�r�o�u�p� �2� �=� �H�i�g�h� 
� � 

�V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� 

�G�r�o�u�p� �4� �=� 

�G�r�o�u�p� �3� �=� �L�o�w� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�.� 

�L�o�w� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� 

�N�o�t�e�:� �S�e�e� �T�a�b�l�e� �3� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �m�o�t�o�r� �v�a�r�i�a�b�l�e�s�.



�T�a�b�l�e� �1�0� 

�M�e�a�n�s� �a�n�d� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�s�)� �o�f� �R�i�g�h�t�-�H�a�n�d� �M�o�t�o�r� 

�V�a�r�i�a�b�l�e�s� �b�y� �E�x�p�e�r�i�m�e�n�t�a�l� �G�r�o�u�p� 

� � 

� � 

�1� �2� �3� �4� 

�V�a�r�i�a�b�l�e� �M�e�a�n�s� �M�e�a�n�s� �M�e�a�n�s� �M�e�a�n�s� 

�R�H�F�T�A�V�E� �5�2�.�0�8� �5�2�.�0�3� �4�9�.�7�6� �5�0�.�1�2� 

�(�7�.�0�2�)� �(�6�.�2�0�)� �(�7�.�0�7�)� �(�6�.�1�4�)� 

�R�H�F�T�C�H�G� �4�.�9�3� �3�.�8�7� �3�.�6�7� �2�.�0�7� 

�(�6�.�6�0�)� �(�1�5�.�5�7�)� �(�6�.�0�9�)� �(�7�.�0�7�)� 

�R�H�D�Y�N�O�A�V�E� �4�2�.�4�9� �4�4�.�1�5� �4�3�.�2�3� �4�3�.�6�8� 

�(�7�.�3�0�)� �(�7�.�0�2�)� �(�5�.�5�0�)� �(�7�.�9�8�)� 

�R�H�D�Y�N�O�C�H�G� �3�.�9�3� �2�7� �1�.�8�0� �2�.�2�0� 

�(�4�.�7�1�)� �(�6�.�0�4�)� �(�2�.�4�0�)� �(�4�.�2�5�)� 

�R�H�D�Y�N�O�P�E�R� �2�3�.�0�0� �1�8�.�9�6� �1�8�.�0�7� �2�1�.�8�1� 

�(�1�0�.�3�0�)� �(�1�4�.�4�9�)� �(�2�0�.�3�0�)� �(�1�5�.�8�7�)� 

� � 

�N�o�t�e�:� �G�r�o�u�p� �1� �=� �H�i�g�h� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�.� �G�r�o�u�p� �2� �=� �H�i�g�h� 
� � 

�V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� �G�r�o�u�p� �3� �=� �L�o�w� �V�e�r�b�a�l�/�H�i�g�h� �N�o�n�v�e�r�b�a�l�.� 

�G�r�o�u�p� �4� �=� �L�o�w� �V�e�r�b�a�l�/�L�o�w� �N�o�n�v�e�r�b�a�l�.� 

�N�o�t�e�:� �S�e�e� �T�a�b�l�e� �3� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �m�o�t�o�r� �v�a�r�i�a�b�l�e�s�.



�7�7� 

�T�a�b�l�e� �1�1� 

�I�n�t�e�n�s�i�t�y� �a�n�d� �A�c�c�u�r�a�c�y� �o�f� �F�a�c�i�a�l� �J�u�d�q�m�e�n�t�s� 

� � 

� � 

� � 

�I�n�t�e�n�s�i�t�y� �A�c�c�u�r�a�c�y� 

�F�a�c�e� �M�e�a�n� �s�D� �M�e�a�n� �S�D� 

�H�a�p�p�y� �2�.�9�7�a� �-�7�6� �9�0�a� �2�5� 

�I�n�t�e�r�e�s�t�e�d� �2�.�3�7�b�e� �-�7�0� �7�0�b�c� �3�1� 

�S�a�d� �2�.�2�8�c�¢� �#�«�.�7�9� �7�4�¢�c� �3�0� 

�A�n�g�r�y� �2�.�8�l�a� �-�9�1� �7�5�c� �3�3� 

�S�u�r�p�r�i�s�e� �2�.�8�9�a� �~�7�9� �7�6�c� �2�5� 

�D�i�s�g�u�s�t� �2�.�8�5�a� �.�9�8� �7�4�c� �3�2� 

�F�e�a�r� �2�.�5�7�b� �-�7�6� �5�9�b� �3�5� 

� � 

�N�o�t�e�:� �I�n�t�e�n�s�i�t�y� �a�n�d� �a�c�c�u�r�a�c�y� �s�c�o�r�e�s� �a�r�e� �a�v�e�r�a�g�e�d� �a�c�r�o�s�s� �2� 
� � 

�r�a�t�e�r�s�.� �I�n�t�e�n�s�i�t�y� �s�c�o�r�e�s� �a�r�e� �b�a�s�e�d� �o�n� �a� �5�-�p�o�i�n�t� �L�i�k�e�r�t� 

�s�c�a�l�e�.� �A�c�c�u�r�a�c�y� �s�c�o�r�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t�a�g�e�s�.� 

�N�o�t�e�:� �M�e�a�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�b�s�c�r�i�p�t�s� �w�i�t�h�i�n� �e�a�c�h� �c�o�l�u�m�n� 

�d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�t� �p�<�.�0�5�.



�7�8� 

�T�a�b�l�e� �1�2� 

�D�e�s�i�g�n� �F�l�u�e�n�c�y� �C�o�r�r�e�l�a�t�i�o�n�s� �(�N�=�2�3�)� �A�m�o�n�g� �T�w�o� �R�a�t�e�r�s� 

� � 

�V�a�r�i�a�b�l�e� �C�o�r�r�e�l�a�t�i�o�n� 

�F�r�e�e� �U�n�i�q�u�e� �-�9�9�%� 

�F�r�e�e� �P�e�r�s�e�v�e�r�a�t�i�o�n� �-�9�8�*�%� 

�F�r�e�e� �N�a�m�e�a�b�l�e� �-�7�5�*� 

�F�i�x�e�d� �U�n�i�q�u�e� �-�9�8�*� 

�F�i�x�e�d� �P�e�r�s�e�v�e�r�a�t�i�o�n� �~�7�2�*� 

�F�i�x�e�d� �N�a�m�e�a�b�l�e� �-�8�9�%� 

�F�i�x�e�d� �W�r�o�n�g� �-�9�3�%� 

�T�o�t�a�l� �U�n�i�q�u�e� �-�9�8�*� 

� � 

�N�o�t�e�.� �F�r�e�e� �=� �F�r�e�e� �C�o�n�d�i�t�i�o�n�.� �F�i�x�e�d� �=� �F�i�x�e�d� �C�o�n�d�i�t�i�o�n�.� 
� � 

�U�n�i�q�u�e� �=� �N�u�m�b�e�r� �o�f� �u�n�i�q�u�e� �d�e�s�i�g�n�s� �g�e�n�e�r�a�t�e�d�.� �P�e�r�s�e�v�e�r�a�t�i�o�n� 

�=� �N�u�m�b�e�r� �o�f� �p�e�r�s�e�v�e�r�a�t�i�v�e� �d�e�s�i�g�n�s� �g�e�n�e�r�a�t�e�d�.� �N�a�m�e�a�b�l�e� �=� 

�N�u�m�b�e�r� �o�f� �n�a�m�e�a�b�l�e� �d�e�s�i�g�n�s� �g�e�n�e�r�a�t�e�d�.� �W�r�o�n�g� �=� �N�u�m�b�e�r� �o�f� 

�d�e�s�i�g�n�s� �w�i�t�h� �t�h�e� �w�r�o�n�g� �n�u�m�b�e�r� �o�f� �l�i�n�e�s� �(�o�n�l�y� �a�p�p�l�i�c�a�b�l�e� �i�n� 

�t�h�e� �F�i�x�e�d� �C�o�n�d�i�t�i�o�n�)�.� �T�o�t�a�l� �U�n�i�q�u�e� �=� �T�o�t�a�l� �n�u�m�b�e�r� �o�f� �u�n�i�q�u�e� 

�d�e�s�i�g�n�s� �g�e�n�e�r�a�t�e�d� �a�c�r�o�s�s� �F�r�e�e� �a�n�d� �F�i�x�e�d� �C�o�n�d�i�t�i�o�n�s�.



�T�a�b�l�e� �1�3� 

�A�c�c�u�r�a�c�y� �a�n�d� �I�n�t�e�n�s�i�t�y� �C�o�r�r�e�l�a�t�i�o�n�s� �f�o�r� �T�w�o� �T�r�a�i�n�e�d� �R�a�t�e�r�s� 

�f�o�r� �A�l�l� �S�u�b�j�e�c�t�s� �(�N� �=� �6�0�)� 

� � 

�A�f�f�e�c�t� �A�c�c�u�r�a�c�y� �I�n�t�e�n�s�i�t�y� 

�H�a�p�p�y� �-�8�5�%� �.�8�2�*� 

�I�n�t�e�r�e�s�t�e�d� �~� �3�9�+� �7�4�%� 

�S�a�d� �~�5�7�*� �~�-�8�3�*� 

�A�n�g�r�y� �-� �6�9�%� �-� �7�6�%� 

�S�u�r�p�r�i�s�e� �~�3�4�+� �-�8�0�*� 

�D�i�s�g�u�s�t� �-�4�3�+� �-�8�1�*� 

�F�e�a�r� �-� �4�6�+� �-� �7�8�%� 

� � 

�*� �=� �p�<�.�0�0�0�1�,� �+� �p�<�.�O�0�1�.



�P�e�r�c�e�n�t� �P�e�r�s�e�v�e�r�a�t�i�o�n� 
� � 

�:� 
�F�i�g�u�r�e� �1� 

� � � � � 



� � 

� � �/� 
�M� 

� � � � 
�F� �i�g� �u�r�e� �2



� � 

�Z� � � � � � � � � � � � � 

�"�|� �g



�4�7� 

�4�6� 

�4�5� 

�4�4� 

�3�7� 

�D�y�n�a�m�o�m�e�t�e�r� 
�A�c�r�o�s�s� �5� �T�r�i�a�l�s� 

�S�t�e�n�g�t�h� �(�K�g�s�.�)� 
� � 

� � � � � � � � 

 � �� �R�i�g�h�t� �H�a�n�d� �~�~� �L�e�f�t� �H�a�n�d� 
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�R�e�f�e�r�e�n�c�e�s� 

�B�e�a�t�t�y�,� �W�.� �W�.�,� �J�o�c�i�c�,� �Z�.�,� �M�o�n�s�o�n�,� �N�.�,� �&� �S�t�a�t�o�n�,� �D�.� �(�1�9�9�3�)�.� 

�M�e�m�o�r�y� �a�n�d� �f�r�o�n�t�a�l� �l�o�b�e� �d�y�s�f�u�n�c�t�i�o�n� �i�n� 

�s�c�h�i�z�o�p�h�r�e�n�i�a� �a�n�d� �s�c�h�i�z�o�a�f�f�e�c�t�i�v�e� �d�i�s�o�r�d�e�r�.� �T�h�e� 

�J�o�u�r�n�a�l� �o�f� �N�e�r�v�o�u�s� �a�n�d� �M�e�n�t�a�l� �D�i�s�e�a�s�e�s�,� �1�8�1�(�7�)�,� 

�4�4�8�-�4�5�3�.� 

�B�e�n�t�o�n�,� �A�.� �L�.� �(�1�9�6�8�)�.� �D�i�f�f�e�r�e�n�t�i�a�l� �b�e�h�a�v�i�o�r�a�l� �e�f�f�e�c�t�s� �i�n� 

�f�r�o�n�t�a�l� �l�o�b�e� �d�i�s�e�a�s�e�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �6�,� �5�3�-�6�0�.� 

�B�e�n�t�o�n�,� �A�.� �L�.�,� �&� �H�a�m�s�h�e�r�,� �K�.� �d�e� �S�.� �(�1�9�7�6�)�.� �M�u�l�t�i�l�i�n�g�u�a�l� 

�a�p�h�a�s�i�a� �e�x�a�m�i�n�a�t�i�o�n�.� �I�o�w�a� �C�i�t�y�:� �U�n�i�v�e�r�s�i�t�y� �o�f� 

�I�o�w�a�.� 

�B�e�r�m�a�n�,� �K�.� �F�.�,� �I�l�l�o�w�s�k�y�,� �B�.� �P�.�,� �&� �W�e�i�n�b�e�r�g�e�r�,� �D�.� �R�.� �(�1�9�8�8�)�.� 

�P�h�y�s�i�o�l�o�g�i�c� �d�y�s�f�u�n�c�t�i�o�n� �o�f� �d�o�r�s�o�l�a�t�e�r�a�l� �p�r�e�f�r�o�n�t�a�l� 

�c�o�r�t�e�x� �i�n� �s�c�h�i�z�o�p�h�r�e�n�i�a� �I�V�.� �F�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �f�o�r� 

�r�e�g�i�o�n�a�l� �a�n�d� �b�e�h�a�v�i�o�r�a�l� �s�p�e�c�i�f�i�c�i�t�y�.� �A�r�c�h�i�v�e�s� �o�f� 

�G�e�n�e�r�a�l� �P�s�y�c�h�i�a�t�r�y�,� �4�5�,� �6�1�6�-�6�2�2�.� 

�B�l�o�n�d�e�r�,� �L�.� �Z�.�,� �B�u�r�n�s�,� �A�.�,� �B�o�w�e�r�s�,� �D�.�,� �M�o�o�r�e�,� �R�.� �W�.� �&� 

�H�e�i�l�m�a�n�,� �K�.� �M�.� �(�1�9�9�3�)�.� �R�i�g�h�t� �h�e�m�i�s�p�h�e�r�e� �f�a�c�i�a�l� 

�e�x�p�r�e�s�s�i�v�i�t�y� �d�u�r�i�n�g� �n�a�t�u�r�a�l� �c�o�n�v�e�r�s�a�t�i�o�n�.� �B�r�a�i�n� 

�a�n�d� �C�o�g�n�i�t�i�o�n�,� �2�1�,� �4�4�-�5�6�.� 

�B�o�i�v�i�n�,� �M�.� �J�.�,� �G�i�o�r�d�a�n�i�,� �B�.�,� �B�e�r�e�n�t�,� �S�.�,� �A�m�a�t�o�,� �D�.� �A�.�,� 

�L�e�h�t�i�n�e�n�,� �S�.�,� �K�o�e�p�p�e�,� �R�.� �A�.�,� �B�u�c�h�t�e�l�,� �H�.� �A�.�,� 

�F�o�s�t�e�r�,� �N�.� �L�.�,� �&� �K�u�h�l�,� �D�.� �E�.� �(�1�9�9�2�)�.� �V�e�r�b�a�l� 

�f�l�u�e�n�c�y� �a�n�d� �p�o�s�i�t�r�o�n� �e�m�i�s�s�i�o�n� �t�o�m�o�g�r�a�p�h�i�c� �m�a�p�p�i�n�g
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�o�f� �r�e�g�i�o�n�a�l� �c�e�r�e�b�r�a�l� �g�l�u�c�o�s�e� �m�e�t�a�b�o�l�i�s�m�.� �C�o�r�t�e�x�,� 

�2�8�,� �2�3�1�-�2�3�9�.� 

�B�o�r�o�d�,� �J�.� �C�.� �(�1�9�9�3�)�.� �C�e�r�e�b�r�a�l� �m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �f�a�c�i�a�l�,� 

�p�r�o�s�o�d�i�c�,� �a�n�d� �l�e�x�i�c�a�l� �e�m�o�t�i�o�n�a�l� �e�x�p�r�e�s�s�i�o�n�:� �A� �r�e�v�i�e�w� 

�o�f� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s� �a�n�d� �m�e�t�h�o�d�o�l�o�g�i�c�a�l� 

�i�s�s�u�e�s�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �7�(�4�)�,� �4�4�5�-�4�6�3�.� 

�B�o�r�o�d�,� �J�.� �C�.�,� �K�o�f�f�,� �E�.�,� �L�o�r�c�h�,� �M�.� �P�.�,� �N�i�c�h�o�l�a�s�,� �M�.�,� �&� 

�W�e�l�k�o�w�i�t�z�,� �J�.� �(�1�9�8�8�)�.�  ��E�m�o�t�i�o�n�a�l� �a�n�d� �n�o�n�-�e�m�o�t�i�o�n�a�l� 

�f�a�c�i�a�l� �b�e�h�a�v�i�o�r� �i�n� �p�a�t�i�e�n�t�s� �w�i�t�h� �u�n�i�l�a�t�e�r�a�l� �b�r�a�i�n� 

�d�a�m�a�g�e�.� �J�o�u�r�n�a�l� �o�f� �N�e�u�r�o�l�o�g�y�,� �N�e�u�r�o�s�u�r�g�e�r�y�,� �a�n�d� 

�P�s�y�c�h�i�a�t�r�y�,� �5�1�,� �8�2�6�-�8�3�2�.� 

�B�o�r�o�d�,� �J�.� �C�.�,� �K�o�f�f�,� �E�.�,� �L�o�r�c�h�,� �M�.� �P�.�,� �&� �N�i�c�h�o�l�a�s�,� �M�.� �(�1�9�8�6�)�.� 

�T�h�e� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �p�e�r�c�e�p�t�i�o�n� �o�f� �f�a�c�i�a�l� �e�m�o�t�i�o�n� �i�n� 

�b�r�a�i�n�-�d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �2�4�(�2�)�,� 

�1�6�9�-�1�8�0�.� 

�B�o�r�o�d�,� �J�.� �C�.�,� �W�e�l�k�o�w�i�t�z�,� �J�.�,� �A�l�p�e�r�t�,� �M�,� �B�r�o�z�g�o�l�d�,� �A�.� �Z�,�,� 

�M�a�r�t�i�n�,� �C�.�,� �P�e�s�e�l�o�w�,� �E�.�,� �&� �D�i�l�l�e�r�,� �L�.� �(�1�9�9�0�)�.� 

�P�a�r�a�m�e�t�e�r�s� �o�f� �e�m�o�t�i�o�n�a�l� �p�r�o�c�e�s�s�i�n�g� �i�n� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �d�i�s�o�r�d�e�r�s�:� �C�o�n�c�e�p�t�u�a�l� �i�s�s�u�e�s� 

�a�n�d� �a� �b�a�t�t�e�r�y� �o�f� �t�e�s�t�s�.� �J�o�u�r�n�a�l� �o�f� �C�o�m�m�u�n�i�c�a�t�i�o�n� 

�D�i�s�o�r�d�e�r�s�,� �2�3�,� �2�4�7�-�2�7�1�.� 

�B�o�r�o�k�o�w�s�k�i�,� �J�.� �G�.�,� �B�e�n�t�o�n�,� �A�.� �L�.�,� �&� �S�p�r�e�e�n�,� �O�.� �(�1�9�8�1�)�.� �W�o�r�d� 

�f�l�u�e�n�c�y� �m�e�a�s�u�r�e�.� �I�n� �F�.� �L�.� �D�a�r�l�e�y� �(�E�d�.�)� �E�v�a�l�u�a�t�i�o�n� 

�o�f� �a�p�p�r�a�i�s�a�l� �t�e�c�h�n�i�q�u�e�s� �i�n� �s�p�e�e�c�h� �a�n�d� �l�a�n�g�u�a�g�e



�8�9� 

�p�a�t�h�o�l�o�g�y�.� �R�e�a�d�i�n�g�,� �M�A�:� �A�d�d�i�s�o�n�-�W�e�s�l�e�y� 

�P�u�b�l�i�s�h�i�n�g� �C�o�m�p�a�n�y�.� 

�B�r�u�y�e�r�,� �R�.� �(�1�9�8�1�)�.� �A�s�y�m�m�e�t�r�y� �o�f� �f�a�c�i�a�l� �e�x�p�r�e�s�s�i�o�n� �i�n� �b�r�a�i�n�-� 

�d�a�m�a�g�e�d� �s�u�b�j�e�c�t�s�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�q�i�a�,� �1�9�,� �6�1�5�-�6�2�4�.� 

�B�u�c�k�,� �R�.�,� �&� �D�u�f�f�y�,� �R�.� �J�.� �(�1�9�8�0�)�.� �N�o�n�v�e�r�b�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�f� 

�a�f�f�e�c�t� �i�n� �b�r�a�i�n�-�d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�.� �C�o�r�t�e�x�,� �1�6�,� 

�3�5�1�-�3�6�2�.� 

�B�u�c�k�,� �R�.� �(�1�9�9�0�)�.� �U�s�i�n�g� �F�A�C�S� �v�s�.� �c�o�m�m�u�n�i�c�a�t�i�o�n� �s�c�o�r�e�s� �t�o� 

�m�e�a�s�u�r�e� �s�p�o�n�t�a�n�e�o�u�s� �f�a�c�i�a�l� �e�x�p�r�e�s�s�i�o�n� �o�f� �e�m�o�t�i�o�n� 

�i�n� �b�r�a�i�n�-�d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�:� �A� �r�e�p�l�y� �t�o� �M�a�m�m�u�c�a�r�i� 

�e�t� �a�l�.�,� �(�1�9�8�8�)�.� �C�o�r�t�e�x�,� �2�6�,� �2�7�5�-�2�8�0�.� 

�B�u�t�l�e�r�,� �R�.� �W�.�,� �R�o�r�s�m�a�n�,� �I�.�,� �H�i�l�l�,� �J�.� �M�.�,� �&� �T�u�m�a�,� �R�.� �(�1�9�9�3�)�.� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �f�r�o�n�t�a�l� �b�r�a�i�n� �i�m�p�a�i�r�m�e�n�t� �o�n� 

�f�l�u�e�n�c�y�:� �S�i�m�p�l�e� �a�n�d� �c�o�m�p�l�e�x� �p�a�r�a�d�i�g�m�s�.� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �7�(�4�)�,� �5�1�9�-�5�2�9�.� 

�C�a�l�t�a�g�i�r�o�n�e�,� �C�.�,� �E�k�m�a�n�,� �P�.�,� �F�r�i�e�s�e�n�,� �W�.�,� �G�a�i�n�o�t�t�i�,� �G�.�,� 

�M�a�m�m�u�c�a�r�i�,� �A�.�,� �P�i�z�z�z�a�m�i�g�l�i�o�,� �L�.�,� �&� �Z�o�c�c�o�l�o�t�t�i�,� �P�.� 

�(�1�9�8�9�)�.� �P�o�s�e�d� �e�m�o�t�i�o�n�a�l� �e�x�p�r�e�s�s�i�o�n� �i�n� �u�n�i�l�a�t�e�r�a�l� 

�b�r�a�i�n� �d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�.� �C�o�r�t�e�x�,� �2�5�,� �6�5�3�-�6�6�3�.� 

�C�a�n�a�v�a�n�,� �A�.� �G�.� �M�.�,� �J�a�n�o�t�a�,� �I�.�,� �&� �S�c�h�u�r�r�,� �P�.� �H�.� �(�1�9�8�5�)�.� 

�L�u�r�i�a�'�s� �f�r�o�n�t�a�l� �l�o�b�e� �s�y�n�d�r�o�m�e�:� �P�s�y�c�h�o�l�o�g�i�c�a�l� �a�n�d� 

�a�n�a�t�o�m�i�c�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �J�o�u�r�n�a�l� �o�f� �N�e�u�r�o�l�o�g�y�,� 

�N�e�u�r�o�s�u�r�g�e�r�y�,� �a�n�d� �P�s�y�c�h�i�a�t�r�y�,� �8�,� �1�0�4�9�-�1�0�5�3�.



�9�0� 

�C�o�r�e�n�,� �S�.�,� �P�o�r�a�c�,� �C�.�,� �&� �D�u�n�c�a�n�,� �P�.� �(�1�9�7�9�)�.� �A� �b�e�h�a�v�i�o�r�a�l�l�y� 

�v�a�l�i�d�a�t�e�d� �s�e�l�f�-�r�e�p�o�r�t� �i�n�v�e�n�t�o�r�y� �t�o� �a�s�s�e�s�s� �f�o�u�r� 

�t�y�p�e�s� �o�f� �l�a�t�e�r�a�l� �p�r�e�f�e�r�e�n�c�e�.� �J�o�u�r�n�a�l� �o�f� �C�l�i�n�i�c�a�l� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �1�,� �5�5�-�6�4�.� 

�C�r�o�c�k�e�t�t�,� �D�.�,� �B�i�l�s�k�e�r�,� �D�.�,� �H�u�r�w�i�t�z�,� �T�.� �&� �K�o�z�a�k�,� �J�.� �(�1�9�8�6�)�.� 

�C�l�i�n�i�c�a�l� �u�t�i�l�i�t�y� �o�f� �t�h�r�e�e� �m�e�a�s�u�r�e�s� �o�f� �f�r�o�n�t�a�l� �l�o�b�e� 

�d�y�s�f�u�n�c�t�i�o�n� �i�n� �n�e�u�r�o�p�s�y�c�h�i�a�t�r�i�c� �s�a�m�p�l�e�s�.� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �N�e�u�r�o�s�c�i�e�n�c�e�,� �3�0�,� �2�4�1�-� 

�2�4�8�.� 

�C�r�e�w�s�,� �W�.� �D�.�,� �&� �H�a�r�r�i�s�o�n�,� �D�.� �W�.� �(�1�9�9�4�)�.� �F�u�n�c�t�i�o�n�a�l� 

�a�s�y�m�m�e�t�r�y� �i�n� �t�h�e� �m�o�t�o�r� �p�e�r�f�o�r�m�a�n�c�e�s� �o�f� �w�o�m�e�n�:� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �e�f�f�e�c�t�s� �o�f� �d�e�p�r�e�s�s�i�o�n�.� 

�P�e�r�c�e�p�t�u�a�l� �a�n�d� �M�o�t�o�r� �S�k�i�l�l�s�,� �7�8�,� �1�3�1�5�-�1�3�2�2�.� 

�D�a�r�w�i�n�,� �C�.� �(�1�8�7�2�)�.� �E�x�p�r�e�s�s�i�o�n�s� �o�f� �t�h�e� �e�m�o�t�i�o�n�s� �i�n� �m�a�n� �a�n�d� 

�a�n�i�m�a�l�s�.� �L�o�n�d�o�n�:� �J�o�h�n� �M�u�r�r�a�y�.� 

�D�a�v�i�d�o�n�,� �R�.� �J�.�,� �&� �T�o�m�a�r�k�e�n�,� �A�.� �J�.�,� �(�1�9�8�9�)�.� �L�a�t�e�r�a�l�i�t�y� �a�n�d� 

�e�m�o�t�i�o�n�:� �A�n� �e�l�e�c�t�r�o�p�h�y�s�i�o�l�o�g�i�c�a�l� �a�p�p�r�o�a�c�h�.� �[�I�n� �F�.� 

�B�o�l�l�e�r� �a�n�d� �J�.� �G�r�a�f�m�a�n� �(�E�d�s�)�,� �H�a�n�d�b�o�o�k� �o�f� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�:� �V�o�l�.� �3� �(�p�p�.� �4�1�9�-�4�4�1�)�.� �A�m�s�t�e�r�d�a�m�:� 

�E�l�s�e�v�i�e�r�.� 

�D�o�d�r�i�l�l�,� �C�c�.� �B�.� �(�1�9�7�8�)�.� �T�h�e� �h�a�n�d� �d�y�n�a�m�o�m�e�t�e�r� �a�s� �a� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�.� �J�o�u�r�n�a�l� �o�f� �C�o�n�s�u�l�t�i�n�g� 

�a�n�d� �C�l�i�n�i�c�a�l� �P�s�y�c�h�o�l�o�g�y�,� �4�6�,� �1�4�3�2�-�1�4�3�5�.
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�D�o�p�s�o�n�,� �W�.�,� �B�e�c�k�w�i�t�h�,� �B�.�,� �T�u�c�k�e�r�,� �D�.� �M�.�,� �&� �B�u�l�l�a�r�d�-�B�a�t�e�s�,� �P�.� 

�(�1�9�8�4�)�.� �A�s�y�m�m�e�t�r�y� �o�f� �f�a�c�i�a�l� �e�x�p�r�e�s�s�i�o�n� �i�n� 

�s�p�o�n�t�a�n�e�o�u�s� �e�m�o�t�i�o�n�.� �C�o�r�t�e�x�,� �2�0�,� �2�4�3�-�2�5�2�.� 

�E�k�m�a�n�,� �P�.� �&� �F�r�i�e�s�e�n�,� �W�.� �V�.� �(�1�9�7�6�)�.� �P�i�c�t�u�r�e�s� �o�f� �f�a�c�i�a�l� 

�a�f�f�e�c�t�.� �P�a�l�o� �A�l�t�o�,� �C�A�:� �C�o�n�s�u�l�t�i�n�g� �P�s�y�c�h�o�l�o�g�i�s�t� 

�P�r�e�s�s�.� 

�E�k�m�a�n�,� �P�.� �&� �F�r�i�e�s�e�n�,� �W�.� �V�.� �(�1�9�7�8�)�.� �T�h�e� �f�a�c�i�a�l� �a�c�t�i�o�n� �c�o�d�i�n�g� 

�s�y�s�t�e�m� �(�F�A�C�S�)�:� �A� �t�e�c�h�n�i�q�u�e� �f�o�r� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� 

�f�a�c�i�a�l� �a�c�t�i�o�n�.� �P�a�l�o� �A�l�t�o�:� �C�o�n�s�u�l�t�i�n�g� 

�P�s�y�c�h�o�l�o�g�i�s�t�s� �P�r�e�s�s�.� 

�E�s�t�e�s�,� �W�.� �K�.� �(�1�9�7�4�)�.� �L�e�a�r�n�i�n�g� �t�h�e�o�r�y� �a�n�d� �i�n�t�e�l�l�i�g�e�n�c�e�.� 

�A�m�e�r�i�c�a�n� �P�s�y�c�h�o�l�o�g�i�s�t�,� �2�9�,� �7�4�0�-�7�4�9�.� 

�E�v�a�n�s�,� �W�.� �R�.�,� �R�u�f�f�,� �R�.� �M�.�,� �&� �G�u�a�l�t�i�e�r�i�,� �C�.� �T�.� �(�1�9�8�5�)�.� 

�V�e�r�b�a�l� �f�l�u�e�n�c�y� �a�n�d� �f�i�g�u�r�a�l� �f�l�u�e�n�c�y� �i�n� �b�r�i�g�h�t� 

�c�h�i�l�d�r�e�n�.� �P�e�r�c�e�p�t�u�a�l� �a�n�d� �M�o�t�o�r� �S�k�i�l�l�s�,� �6�1�,� �6�9�9�-� 

�7�0�9�.� 

�F�i�n�l�a�y�s�o�n�,� �M�.� �A�.�,� �&� �R�e�i�t�a�n�,� �R�.� �M�.� �(�1�9�8�0�)�.� �E�f�f�e�c�t�s� �o�f� 

�l�a�t�e�r�a�l�i�z�e�d� �l�e�s�i�o�n�s� �o�n� �i�p�s�i�l�a�t�e�r�a�l� �a�n�d� 

�c�o�n�t�r�a�l�a�t�e�r�a�l� �m�o�t�o�r� �f�u�n�c�t�i�o�n�i�n�g�.� �J�o�u�r�n�a�l� �o�f� 

�C�l�i�n�i�c�a�l� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �2�,� �2�3�7�-�2�4�3�.� 

�F�r�i�t�h�,� �C�.� �D�.�,� �F�r�i�s�t�o�n�,� �K�.� �J�.�,� �L�i�d�d�l�e�,� �P�.� �F�.�,� �&� �F�r�a�c�k�o�w�i�a�k�,� 

�R�.� �S�.� �J�d�.� �(�1�9�9�1�)�.� �A� �P�E�T� �s�t�u�d�y� �o�f� �w�o�r�d� �f�i�n�d�i�n�g�.� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �2�9�(�1�2�)�,� �1�1�3�7�-�1�1�4�8�.
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�F�u�s�t�e�r�,� �J�.� �M�.�,� �(�1�9�8�9�)�.� �T�h�e� �p�r�e�f�r�o�n�t�a�l� �c�o�r�t�e�x�:� �A�n�a�t�o�m�y�,� 

�p�h�y�s�i�o�l�o�g�y�,� �a�n�d� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�y� �o�f� �t�h�e� �f�r�o�n�t�a�l� 

�l�o�b�e�.� �(�2�n�d� �e�d�.�)�.� �N�e�w� �Y�o�r�k�:� �R�a�v�e�n� �P�r�e�s�s�.� 

�G�a�r�d�n�e�r�,� �H�.� �(�1�9�9�3�)�.� �C�r�e�a�t�i�n�g� �m�i�n�d�s�:� �A�n� �a�n�a�t�o�m�y� �o�f� 

�c�r�e�a�t�i�v�i�t�y� �s�e�e�n� �t�h�r�o�u�g�h� �t�h�e� �l�i�v�e�s� �o�f� �F�r�e�u�d�,� 

�E�i�n�s�t�e�i�n�,� �P�i�c�a�s�s�o�,� �S�t�r�a�v�i�n�s�k�y�,� �E�l�i�o�t�,� �G�r�a�h�a�m�,� �a�n�d� 

�G�a�n�d�h�i�.� �N�e�w� �Y�o�r�k�:� �B�a�s�i�c� �B�o�o�k�s�.� 

�G�o�l�d�e�n�,� �C�c�.� �J�.� �(�1�9�7�6�)�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �b�r�a�i�n� �d�i�s�o�r�d�e�r�s� �b�y� 

�t�h�e� �S�t�r�o�o�p� �C�o�l�o�r� �a�n�d� �W�o�r�d� �T�e�s�t�.� �J�o�u�r�n�a�l� �o�f� 

�C�l�i�n�i�c�a�l� �P�s�y�c�h�o�l�o�g�y�,� �3�2�(�3�)�,� �6�5�4�-�6�5�8�.� 

�G�o�l�d�e�n�,� �C�c�.� �J�.� �(�1�9�7�8�)�.� �S�t�r�o�o�p� �C�o�l�o�r� �a�n�d� �W�o�r�d� �T�e�s�t�:� �A� �m�a�n�u�a�l� 

�f�o�r� �c�l�i�n�i�c�a�l� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �u�s�e�s� �(�N�u�m�b�e�r� 

�3�0�1�5�0�M�)�.� �C�h�i�c�a�g�o�,� �I�L�:� �S�t�o�e�l�t�i�n�g� �C�o�m�p�a�n�y�.� 

�G�o�l�d�m�a�n�-�R�a�k�i�c�,� �P�.� �S�.� �(�1�9�8�4�)�.� �T�h�e� �f�r�o�n�t�a�l� �l�o�b�e�s�:� �U�n�c�h�a�r�t�e�d� 

�p�r�o�v�i�n�c�e�s� �o�f� �t�h�e� �b�r�a�i�n�.� �T�r�e�n�d�s� �i�n� �N�e�u�r�o�s�c�i�e�n�c�e�,� 

�7�,� �4�1�9�-�4�2�4�.� 

�G�o�l�d�s�t�e�i�n�,� �K�.� �(�1�9�4�8�)�.� �L�a�n�q�u�a�g�e� �a�n�d� �l�a�n�g�u�a�g�e� �d�i�s�t�u�r�b�a�n�c�e�s�.� 

�N�e�w� �Y�o�r�k�:� �G�u�r�n�e� �&� �S�t�r�a�t�t�o�n�.� 

�G�o�o�d�g�l�a�s�s�,� �H�.� �(�1�9�8�6�)�.� �T�h�e� �f�l�e�x�i�b�l�e� �b�a�t�t�e�r�y� �i�n� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �a�s�s�e�s�s�m�e�n�t�.� �I�n� �T�.� �I�n�c�a�g�n�o�l�i�,� 

�G�.� �G�o�l�d�s�t�e�i�n� �a�n�d� �C�c�.� �J�.� �G�o�l�d�e�n� �(�E�d�s�.�)�.� �C�l�i�n�i�c�a�l� 

�a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �t�e�s�t� �b�a�t�t�e�r�i�e�s�.� 

�N�e�w� �Y�o�r�k�:� �P�l�e�n�u�m� �P�r�e�s�s�.� 

�G�o�r�e�l�i�c�k�,� �P�.� �B�.� �&� �R�o�s�s�,� �E�.� �D�.� �(�1�9�8�7�)�.� �T�h�e� �a�p�r�o�s�o�d�i�a�s�:� 

�F�u�r�t�h�e�r� �f�u�n�c�t�i�o�n�a�l�-�a�n�a�t�o�m�i�c�a�l� �e�v�i�d�e�n�c�e� �f�o�r� �t�h�e
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�o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �a�f�f�e�c�t�i�v�e� �l�a�n�g�u�a�g�e� �i�n� �t�h�e� �r�i�g�h�t� 

�h�e�m�i�s�p�h�e�r�e�.� �J�o�u�r�n�a�l� �o�f� �N�e�u�r�o�l�o�g�y�,� �N�e�u�r�o�s�u�r�g�e�r�y�,� 

�a�n�d� �P�s�y�c�h�i�a�t�r�y�,� �5�0�,� �5�5�3�-�5�6�0�.� 

�G�r�u�e�n�e�w�a�l�d�,� �P�.� �J�.�,� �&� �L�o�c�k�h�e�a�d�,� �G�.� �R�.� �(�1�9�8�0�)�.� �T�h�e� �f�r�e�e� 

�r�e�c�a�l�l� �o�f� �c�a�t�e�g�o�r�y� �e�x�a�m�p�l�e�s�.� �J�o�u�r�n�a�l� �o�f� 

�E�x�p�e�r�i�m�e�n�t�a�l� �P�s�y�c�h�o�l�o�g�y�:� �H�u�m�a�n� �L�e�a�r�n�i�n�g� �a�n�d� 

�M�e�m�o�r�y�.� �6�(�3�)�,� �2�2�5�-�2�4�0�.� 

�G�r�u�z�l�i�e�r�,� �J�.�,� �S�e�y�m�o�u�r�,� �K�.�,� �W�i�l�s�o�n�,� �L�.�,� �J�o�l�l�e�y�,� �A�.�,� �&� �H�i�r�s�c�h�,� 

�S�.� �(�1�9�8�8�)�.� �I�m�p�a�i�r�m�e�n�t�s� �o�n� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c� �t�e�s�t�s� 

�o�f� �t�e�m�p�o�r�o�h�i�p�p�o�c�a�m�p�a�l� �f�u�n�c�t�i�o�n�s� �a�n�d� �w�o�r�d� �f�l�u�e�n�c�y� 

�i�n� �r�e�m�i�t�t�i�n�g� �s�c�h�i�z�o�p�h�r�e�n�i�a� �a�n�d� �a�f�f�e�c�t�i�v�e� 

�d�i�s�o�r�d�e�r�s�.� �A�r�c�h�i�v�e�s� �o�f� �G�e�n�e�r�a�l� �P�s�y�c�h�i�a�t�r�y�,� �4�5�,� 

�6�2�3�-�6�2�9�.� 

�G�u�r�d�,� �J�.� �M�.� �&� �W�a�r�d�,� �C�.� �D�.� �(�1�9�8�9�)�.� �R�e�t�r�i�e�v�a�l� �f�r�o�m� �s�e�m�a�n�t�i�c� 

�a�n�d� �l�e�t�t�e�r�-�i�n�i�t�i�a�l� �c�a�t�e�g�o�r�i�e�s� �i�n� �p�a�t�i�e�n�t�s� �w�i�t�h� 

�P�a�r�k�i�n�s�o�n�'�s� �d�i�s�e�a�s�e�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �2�7�(�5�)�,� 

�7�4�3�-�7�4�6�.� 

�H�a�a�l�a�n�d�,� �K�.� �Y�.� �&� �D�e�l�a�n�e�y�,� �H�.� �D�.� �(�1�9�8�1�)�.� �M�o�t�o�r� �d�e�f�i�c�i�t�s� 

�a�f�t�e�r� �l�e�f�t� �o�r� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e� �d�a�m�a�g�e� �d�u�e� �t�o� 

�s�t�r�o�k�e� �o�r� �t�u�m�o�r�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �1�9�,� �1�7�-�2�7�.� 

�H�a�g�e�r�,� �J�.�,� �C�.�,� �&� �E�k�m�a�n�,� �P�.� �(�1�9�8�5�)�.� �T�h�e� �a�s�y�m�m�e�t�r�y� �o�f� �f�a�c�i�a�l� 

�a�c�t�i�o�n�s� �i�s� �i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �m�o�d�e�l�s� �o�f� �h�e�m�i�s�p�h�e�r�i�c� 

�s�p�e�c�i�a�l�i�z�a�t�i�o�n�.� �P�s�y�c�h�o�p�h�y�s�i�o�l�o�g�y�,� �2�2�(�3�)�,� �3�0�7�-�3�1�8�.� 

�H�a�r�r�i�s�o�n�,� �D�.� �W�.�,�:�.�&�.�G�o�r�e�l�c�z�e�n�k�o�,� �P�.� �M�.� �(�1�9�9�0�)�.� �F�u�n�c�t�i�o�n�a�l� 

�a�s�y�m�m�e�t�r�y� �f�o�r� �f�a�c�i�a�l� �a�f�f�e�c�t� �p�e�r�c�e�p�t�i�o�n� �i�n� �h�i�g�h� �a�n�d
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�l�o�w� �h�o�s�t�i�l�e� �m�e�n� �a�n�d� �w�o�m�e�n�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� 

�o�f� �N�e�u�r�o�s�c�i�e�n�c�e�,� �5�5�,� �8�9�-�9�7�.� 

�H�a�r�r�i�s�o�n�,� �D�.� �W�.�,� �&� �P�a�u�l�y�,� �R�.� �S�.� �(�1�9�9�0�)�.� �M�a�n�u�a�l� �d�e�x�t�e�r�i�t�y�,� 

�s�t�r�e�n�g�t�h�,� �f�a�t�i�g�u�e�,� �a�n�d� �p�e�r�s�e�v�e�r�a�t�i�o�n�:� �A�n� �i�n�i�t�i�a�l� 

�t�e�s�t� �o�f� �a�s�y�m�m�e�t�r�y� �i�n� �c�e�r�e�b�r�a�l� �a�c�t�i�v�a�t�i�o�n�.� 

�P�e�r�c�e�p�t�u�a�l� �a�n�d� �M�o�t�o�r� �S�k�i�l�l�s�,� �7�0�,� �7�3�9�-�7�4�4�.� 

�H�e�b�b�,� �D�.� �O�.� �(�1�9�3�9�)�.� �I�n�t�e�l�l�i�g�e�n�c�e� �i�n� �m�a�n� �a�f�t�e�r� �l�a�r�g�e� 

�r�e�m�o�v�a�l�s� �o�f� �c�e�r�e�b�r�a�l� �t�i�s�s�u�e�:� �R�e�p�o�r�t� �o�f� �f�o�u�r� �l�e�f�t� 

�f�r�o�n�t�a�l� �c�a�s�e�s�.� �J�o�u�r�n�a�l� �o�f� �G�e�n�e�r�a�l� �P�s�y�c�h�o�l�o�g�y�,� �2�1�,� 

�7�3�-�8�7�.� 

�H�e�c�a�e�n�,� �H�.� �(�1�9�6�2�)�.� �M�e�n�t�a�l� �s�y�m�p�t�o�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�u�m�o�r�s� 

�o�f� �t�h�e� �f�r�o�n�t�a�l� �l�o�b�e�.� �I�n� �J�.� �M�.� �W�a�r�r�e�n� �&� �K�.� �A�k�e�r�t� 

�(�E�d�s�.�)�,� �T�h�e� �f�r�o�n�t�a�l� �g�r�a�n�u�l�a�r� �a�n�d� �b�e�h�a�v�i�o�r�.� �N�e�w� 

�Y�o�r�k�:� �M�c�G�r�a�w�-�H�i�l�l�.� 

�H�e�i�l�m�a�n�,� �K�.� �M�.�,� �&� �V�a�l�e�n�s�t�e�i�n�,� �E�.� �(�1�9�9�4�)�.� �I�n�t�r�o�d�u�c�t�i�o�n�.� �I�n� 

�K�.� �M�.� �H�e�i�l�m�a�n� �&� �E�.� �V�a�l�e�n�s�t�e�i�n� �(�E�d�s�.�)�,� �C�l�i�n�i�c�a�l� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �(�p�p�.� �3�-�1�6�)�.� �N�e�w� �Y�o�r�k�:� �O�x�f�o�r�d� 

�U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�.� 

�H�e�r�m�a�n�n�,� �B�.� �P�.�,� �&� �W�y�l�e�r�,� �A�.� �R�.� �(�1�9�8�8�)�.� �E�f�f�e�c�t�s� �o�f� �a�n�t�e�r�i�o�r� 

�t�e�m�p�o�r�a�l� �l�o�b�e�c�t�o�m�y� �o�n� �l�a�n�g�u�a�g�e� �f�u�n�c�t�i�o�n�:� �A� 

�c�o�n�t�r�o�l�l�e�d� �s�t�u�d�y�.� �A�n�n�a�l�s� �o�f� �N�e�u�r�o�l�o�g�y�,� �2�3�,� �5�8�5�-� 

�5�8�8�.� 

�H�u�n�t�z�i�n�g�e�r�,� �R�.� �M�.� �(�1�9�8�9�)�.� �T�h�e� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �d�y�s�l�e�x�i�c� �r�e�a�d�e�r�s�:� �A�n� 

�e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�r�o�a�c�h� �t�o� �s�u�b�t�y�p�i�n�g�.� �U�n�p�u�b�l�i�s�h�e�d
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�d�i�s�s�e�r�t�a�t�i�o�n�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� 

�S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�J�o�a�n�e�t�t�e�,� �Y�.� �&� �G�o�u�l�e�t�,� �P�.� �(�1�9�8�6�)�.� �C�r�i�t�e�r�i�o�n�-�s�p�e�c�i�f�i�c� 

�r�e�d�u�c�t�i�o�n� �o�f� �v�e�r�b�a�l� �f�l�u�e�n�c�y� �i�n� �r�i�g�h�t� �b�r�a�i�n�-�d�a�m�a�g�e�d� 

�r�i�g�h�t�-�h�a�n�d�e�r�s�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �6�,� �8�7�5�-�8�7�9�.� 

�J�o�n�e�s�-�G�o�t�m�a�n�,� �M�.�,� �&� �M�i�l�n�e�r�,� �B�.� �(�1�9�7�7�)�.� �D�e�s�i�g�n� �f�l�u�e�n�c�y�:� �T�h�e� 

�i�n�v�e�n�t�i�o�n� �o�f� �n�o�n�s�e�n�s�e� �d�r�a�w�i�n�g�s� �a�f�t�e�r� �f�o�c�a�l� 

�c�o�r�t�i�c�a�l� �l�e�s�i�o�n�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �1�5�,� �6�5�3�-�6�7�4�.� 

�J�o�n�e�s�-�G�o�t�m�a�n�,� �M�.� �(�1�9�9�0�)�.� �P�r�e�s�u�r�g�i�c�a�l� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�a�s�s�e�s�s�m�e�n�t� �i�n� �c�h�i�l�d�r�e�n�:� �S�p�e�c�i�a�l� �T�e�s�t�s�.� �J�o�u�r�n�a�l� 

�o�f� �E�p�i�l�e�p�s�y�,� �3�,� �S�9�3�-�S�1�0�2�.� 

�K�a�c�z�m�a�r�e�k�,� �B�.� �(�1�9�8�2�)�.� �W�o�r�d�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� 

�u�t�t�e�r�a�n�c�e�s� �o�f� �p�a�t�i�e�n�t�s� �w�i�t�h� �l�o�c�a�l� �b�r�a�i�n� �l�e�s�i�o�n�s�.� 

�P�o�l�i�s�h� �P�s�y�c�h�o�l�o�g�i�c�a�l� �B�u�l�l�e�t�i�n�,� �1�3�(�4�)�,� �2�4�5�-�2�5�3�.� 

�K�a�c�z�m�a�r�e�k�,� �B�.� �(�1�9�8�4�)�.� �N�e�u�r�o�l�i�n�g�u�i�s�t�i�c� �a�n�a�l�y�s�i�s� �o�f� �v�e�r�b�a�l� 

�u�t�t�e�r�a�n�c�e�s� �i�n� �p�a�t�i�e�n�t�s� �w�i�t�h� �f�o�c�a�l� �l�e�s�i�o�n�s� �o�f� 

�f�r�o�n�t�a�l� �l�o�b�e�s�.� �B�r�a�i�n� �a�n�d� �L�a�n�g�u�a�g�e�,� �2�1�,� �5�2�-�5�8�.� 

�K�e�n�t�,� �J�.�,� �B�o�r�o�d�,� �J�.� �C�.�,� �K�o�f�f�,� �E�.�,� �W�e�l�k�o�w�i�t�z�,� �J�.�,� �&� �A�l�p�e�r�t�,� 

�M�.� �(�1�9�8�8�)�.� �P�o�s�e�d� �f�a�c�i�a�l� �e�m�o�t�i�o�n�a�l� �e�x�p�r�e�s�s�i�o�n� �i�n� 

�b�r�a�i�n�-�d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� 

�N�e�u�r�o�s�c�i�e�n�c�e�,� �4�3�,� �8�1�-�8�7�.� 

�K�o�l�b�,� �B�.�,� �&� �T�a�y�l�o�r�,� �L�.� �(�1�9�9�0�)�.� �N�e�o�c�o�r�t�i�c�a�l� �s�u�b�s�t�r�a�t�e�s� �o�f� 

�e�m�o�t�i�o�n�a�l� �b�e�h�a�v�i�o�r�.� �I�n�N�.� �L�.� �S�t�e�i�n�,� �B�.� �L�e�v�e�n�t�h�a�l�,� 

�&� �T�.� �T�r�a�b�a�s�s�o� �(�E�d�s�.�)�,� �P�s�y�c�h�o�l�o�g�i�c�a�l� �a�n�d� �b�i�o�l�o�g�i�c�a�l
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�a�p�p�r�o�a�c�h�e�s� �t�o� �e�m�o�t�i�o�n� �(�p�p�.� �1�1�5�-�1�4�4�)�.� �H�i�l�l�s�d�a�l�e�,� 

�N�J�:� �E�r�l�b�a�u�m�.� 

�K�o�l�b�,� �B�.�,� �&� �W�h�i�s�h�a�w�,� �I�.� �Q�.� �(�1�9�8�3�)�.� �P�e�r�f�o�r�m�a�n�c�e� �o�f� 

�s�c�h�i�z�o�p�h�r�e�n�i�c� �p�a�t�i�e�n�t�s� �o�n� �t�e�s�t�s� �s�e�n�s�i�t�i�v�e� �t�o� �l�e�f�t� 

�o�r� �r�i�g�h�t� �f�r�o�n�t�a�l�,� �t�e�m�p�o�r�a�l�,� �o�r� �p�a�r�i�e�t�a�l� �f�u�n�c�t�i�o�n� 

�i�n� �n�e�u�r�o�l�o�g�i�c�a�l� �p�a�t�i�e�n�t�s�.� �T�h�e� �J�o�u�r�n�a�l� �o�f� �N�e�r�v�o�u�s� 

�a�n�d� �M�e�n�t�a�l� �D�i�s�e�a�s�e�,� �1�7�1�(�7�)�,� �4�3�5�-�4�4�3�.� 

�L�e�z�a�k�,� �M�.� �(�1�9�8�3�)�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �a�s�s�e�s�s�m�e�n�t�.� �N�e�w� �Y�o�r�k�;� 

�O�x�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�.� 

�L�u�r�i�a�,� �A�.� �R�.� �(�1�9�6�6�)�.� �H�u�m�a�n� �b�r�a�i�n� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�p�r�o�c�e�s�s�e�s�.� �N�e�w� �Y�o�r�k�:� �H�a�r�p�e�r� �&� �R�o�w�.� 

�L�u�r�i�a�,� �A�.� �R�.� �(�1�9�7�3�)�.� �T�h�e� �w�o�r�k�i�n�g� �b�r�a�i�n�:� �A�n� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�y�.� �N�e�w� �Y�o�r�k�:� �B�a�s�i�c� �B�o�o�k�s�.� 

�M�a�r�t�i�n�,� �R�.� �C�.�,� �L�o�r�i�n�g�,� �D�.� �W�.�,� �M�e�a�d�o�r�,� �K�.� �J�.�,� �&� �L�e�e�,� �G�.� �P�.� 

�(�1�9�9�0�)�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �l�a�t�e�r�a�l�i�z�e�d� �t�e�m�p�o�r�a�l� �l�o�b�e� 

�d�y�s�f�u�n�c�t�i�o�n� �o�n� �f�o�r�m�a�l� �a�n�d� �s�e�m�a�n�t�i�c� �w�o�r�d� �f�l�u�e�n�c�y�.� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �2�8�(�8�)�,� �8�2�3�-�8�2�9� 

�M�a�m�m�u�c�a�r�i�,� �A�.�,� �C�a�l�t�a�g�i�r�o�n�e�,� �C�.�,� �E�k�m�a�n�,� �P�.�,� �F�r�i�e�s�e�n�,� �W�.�,� 

�G�a�i�n�o�t�t�i�,� �G�.�,� �P�i�z�z�a�m�i�g�l�i�o�,� �L�.�,� �&� �Z�o�c�c�o�l�o�t�t�i�,� �P�.� 

�(�1�9�8�8�)�.� �S�p�o�n�t�a�n�e�o�u�s� �f�a�c�i�a�l� �e�x�p�r�e�s�s�i�o�n� �o�f� �e�m�o�t�i�o�n� 

�i�n� �b�r�a�i�n�-�d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�.� �C�o�r�t�e�x�,� �2�4�,� �5�2�1�-�5�3�3�.� 

�M�c�G�l�o�n�e�,� �J�.� �(�1�9�8�0�)�.� �S�e�x� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �h�u�m�a�n� �b�r�a�i�n�  �� 

�a�s�y�m�m�e�t�r�y�:� �A� �c�r�i�t�i�c�a�l� �s�u�r�v�e�y�.� �B�e�h�a�v�i�o�r�a�l� �a�n�d� 

�B�r�a�i�n� �S�c�i�e�n�c�e�s�,� �3�,� �2�1�5�-�2�6�3�.
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�M�i�c�e�l�i�,� �G�.�,� �C�a�l�t�a�g�i�r�o�n�e�,� �C�.�,� �G�a�i�n�o�t�t�i�,� �G�.�,� �M�a�s�u�l�l�o�,� �C�.�,� 

�S�i�l�v�e�r�i�,� �M�.� �C�.� �(�1�9�8�1�)�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� 

�c�o�r�r�e�l�a�t�e�s� �o�f� �l�o�c�a�l�i�z�e�d� �c�e�r�e�b�r�a�l� �l�e�s�i�o�n�s� �i�n� �n�o�n�-� 

�a�p�h�a�s�i�c� �b�r�a�i�n�-�d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�.� �J�o�u�r�n�a�l� �o�f� 

�C�l�i�n�i�c�a�l� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �3�(�1�)�,� �5�3�-�6�3�.� 

�M�i�l�n�e�r�,� �B�.� �(�1�9�6�4�)�.� �S�o�m�e� �e�f�f�e�c�t�s� �o�f� �f�r�o�n�t�a�l� �l�o�b�e�c�t�o�m�y� �i�n� 

�m�a�n�.� �I�n�J�.� �M�.� �W�a�r�r�e�n� �a�n�d� �K�.� �A�k�h�e�r�t� �(�E�d�s�.�)� �T�h�e� 

�f�r�o�n�t�a�l� �g�r�a�n�u�l�a�r� �c�o�r�t�e�x� �a�n�d� �b�e�h�a�v�i�o�r� �(�p�p�.� �3�1�3�-� 

�3�2�4�)�.� �N�e�w� �Y�o�r�k�:� �M�c�G�r�a�w�-�H�i�l�l�.� 

�M�i�l�n�e�r�,� �B�.� �(�1�9�6�7�)�.� �B�r�a�i�n� �m�e�c�h�a�n�i�s�m�s� �s�u�g�g�e�s�t�e�d� �b�y� �s�t�u�d�i�e�s� �o�f� 

�t�e�m�p�o�r�a�l� �l�o�b�e�s�.� �I�n� �c�C�.� �H�.� �M�i�l�l�i�k�a�n� �a�n�d� �F�.� �L�.� 

�D�a�r�l�e�y� �(�E�d�s�.�)� �B�r�a�i�n� �m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �s�p�e�e�c�h� 

�a�n�d� �l�a�n�g�u�a�g�e�.� �N�e�w� �Y�o�r�k�:� �G�r�u�n�e� �a�n�d� �S�t�r�a�t�t�o�n�.� 

�M�i�l�n�e�r�,� �B�.�,� �&� �P�e�t�r�i�d�e�s�,� �M�.� �(�1�9�8�4�)�.� �B�e�h�a�v�i�o�r�a�l� �e�f�f�e�c�t�s� �o�f� 

�f�r�o�n�t�a�l�-�l�o�b�e� �l�e�s�i�o�n�s� �i�n� �m�a�n�.� �T�r�e�n�d�s� �i�n� 

�N�e�u�r�o�s�c�i�e�n�c�e�,� �7�,� �4�0�3�-�4�0�7�.� 

�N�e�a�r�y�,� �D�.�,� �S�n�o�w�d�e�n�,� �J�.� �S�.�,� �M�a�n�n�,� �D�.� �M�.� �A�.�,� �N�o�r�t�h�e�n�,� �B�.�,� 

�G�o�u�l�d�i�n�g�,� �P�.� �J�.�,� �&� �M�a�c�d�e�r�m�o�t�t�,� �N�.� �(�1�9�9�0�)�.� �F�r�o�n�t�a�l� 

�l�o�b�e� �d�e�m�e�n�t�i�a� �a�n�d� �m�o�t�o�r� �n�e�u�r�o�n� �d�i�s�e�a�s�e�.� �J�o�u�r�n�a�l� 

�o�f� �N�e�u�r�o�l�o�g�y�,� �N�e�u�r�o�s�u�r�g�e�r�y�,� �a�n�d� �P�s�y�c�h�i�a�t�r�y�,� �5�3�,� 

�2�3�-�3�2�.� 

�N�e�h�e�m�k�i�s�,� �A�.� �M�.�,� �&� �L�e�w�i�n�s�o�h�n�,� �P�.� �M�.� �(�1�9�7�2�)�.� �E�f�f�e�c�t�s� �o�f� �l�e�f�t� 

�a�n�d� �r�i�g�h�t� �c�e�r�e�b�r�a�l� �l�e�s�i�o�n�s� �o�n� �t�h�e� �n�a�m�i�n�g� �p�r�o�c�e�s�s�.� 

�P�e�r�c�e�p�t�u�a�l� �a�n�d� �N�a�m�i�n�g� �S�k�i�l�l�s�,� �3�5�,� �7�8�7�-�7�9�8�.



�9�8� 

�P�a�r�k�s�,� �R�.� �W�.�,� �L�o�e�w�e�n�s�t�e�i�n�,� �D�.� �A�.�,� �D�o�d�r�i�l�l�,� �K�.� �L�.�,� �B�a�r�k�e�r�,� �W�.� 

�W�.�,� �Y�o�s�h�i�i�,� �F�.�,� �C�h�a�n�g�,� �J�.� �Y�.�,� �E�m�r�a�n�,� �A�.�,� �A�p�i�c�e�l�l�a�,� 

�A�.�,� �S�h�e�r�a�m�a�t�a�,� �W�.� �A�.�,� �&� �D�u�a�r�a�,� �R�.� �(�1�9�8�8�)�.� 

�C�e�r�e�b�r�a�l� �m�e�t�a�b�o�l�i�c� �e�f�f�e�c�t�s� �o�f� �a� �v�e�r�b�a�l� �f�l�u�e�n�c�y� 

�t�e�s�t�:� �A� �P�E�T� �s�c�a�n� �s�t�u�d�y�.� �J�o�u�r�n�a�l� �o�f� �C�l�i�n�i�c�a�l� �a�n�d� 

�E�x�p�e�r�i�m�e�n�t�a�l� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �1�0�(�5�)�,� �5�6�5�-�5�7�5�.� 

�P�e�n�d�l�e�t�o�n�,� �M�.� �G�.�,� �H�e�a�t�o�n�,� �R�.� �K�.�,� �L�e�h�m�a�n�,� �R�.� �A�.� �W�.� �&� �H�u�l�i�h�a�n�,� 

�D�.� �(�1�9�8�2�)�.� �D�i�a�g�n�o�s�t�i�c� �u�t�i�l�i�t�y� �o�f� �t�h�e� �T�h�u�r�s�t�o�n�e� 

�W�o�r�d� �F�l�u�e�n�c�y� �T�e�s�t� �i�n� �n�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� 

�e�v�a�l�u�a�t�i�o�n�s�.� �J�o�u�r�n�a�l� �o�f� �C�l�i�n�i�c�a�l� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� 

�4�(�4�)�,� �3�0�7�-�3�1�7�.� 

�P�e�r�r�e�t�,� �E�.� �(�1�9�7�4�)�.� �T�h�e� �l�e�f�t� �f�r�o�n�t�a�l� �l�o�b�e� �o�f� �m�a�n� �a�n�d� �t�h�e� 

�s�u�p�p�r�e�s�s�i�o�n� �o�f� �h�a�b�i�t�u�a�l� �r�e�s�p�o�n�s�e�s� �i�n� �v�e�r�b�a�l� 

�c�a�t�e�g�o�r�i�c�a�l� �b�e�h�a�v�i�o�r�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�a�,� �1�2�,� �3�2�3�-� 

�3�3�0�.� 

�P�e�t�e�r�s�e�n�,� �S�.� �E�.�,� �F�o�x�,� �P�.� �T�.�,� �P�o�s�n�e�r�,� �M�.� �I�.�,� �M�i�n�t�u�n�,� �M�.�,� �&� 

�R�a�i�c�h�l�e�,� �M�.� �E�.� �(�1�9�8�8�)�.� �P�o�s�i�t�r�o�n� �e�m�i�s�s�i�o�n� 

�t�o�m�o�g�r�a�p�h�i�c� �s�t�u�d�i�e�s� �o�f� �t�h�e� �c�o�r�t�i�c�a�l� �a�n�a�t�o�m�y� �o�f� 

�S�i�n�g�l�e�-�w�o�r�d� �p�r�o�c�e�s�s�i�n�g�.� �N�a�t�u�r�e�,� �3�3�1�,� �5�8�5�-�5�8�9�.� 
� � 

�R�a�n�d�o�l�p�h�,� �C�.�,� �B�r�u�a�n�,� �A�.� �R�.�,� �G�o�l�d�b�e�r�g�,� �T�.� �E�.�,� �&� �C�h�a�s�e�,� �T�.� �N�.� 

�(�1�9�9�3�)�.� �S�e�m�a�n�t�i�c� �f�l�u�e�n�c�y� �i�n� �A�l�z�h�e�i�m�e�r�'�s�,� 

�P�a�r�k�i�n�s�o�n�'�s�,� �a�n�d� �H�u�n�t�i�n�g�t�o�n�'�s� �d�i�s�e�a�s�e�:� 

�D�i�s�s�o�c�i�a�t�i�o�n� �o�f� �s�t�o�r�a�g�e� �a�n�d� �r�e�t�r�i�e�v�a�l� �f�a�i�l�u�r�e�s�.� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �7�(�1�)�,� �8�2�-�8�8�.



�9�9� 

�R�e�i�t�a�n�,� �R�.� �M�.� �&� �D�a�v�i�d�s�o�n�,� �L�.� �A�.� �(�1�9�7�4�)�.� �C�l�i�n�i�c�a�l� 

�n�e�u�r�o�p�s�y�c�h�o�l�o�g�y� �c�u�r�r�e�n�t� �s�t�a�t�u�s� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�N�e�w� �Y�o�r�k�:� �H�e�m�i�s�p�h�e�r�e�.� 

�R�o�s�s�,� �E�.� �D�.� �(�1�9�8�1�)�.� �T�h�e� �a�p�r�o�s�o�d�i�a�s�:� �F�u�n�c�t�i�o�n�a�l�-�a�n�a�t�o�m�i�c� 

�o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �a�f�f�e�c�t�i�v�e� �c�o�m�p�o�n�e�n�t�s� �o�f� 

�l�a�n�g�u�a�g�e� �i�n� �t�h�e� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e�.� �A�r�c�h�i�v�e�s� �o�f� 

�N�e�u�r�o�l�o�g�y�,� �3�8�,� �5�6�1�-�5�6�9�.� 

�R�o�s�s�,� �E�.� �D�.� �(�1�9�9�3�)�.� �N�o�n�v�e�r�b�a�l� �a�s�p�e�c�t�s� �o�f� �l�a�n�g�u�a�g�e�.� 

�N�e�u�r�o�l�o�g�i�c�a�l� �C�l�i�n�i�c�s�,� �1�1�(�1�)�,� �9�-�2�3�.� 

�R�o�s�s�,� �E�.� �D�.� �&� �M�e�s�u�l�a�m�,� �M�.� �(�1�9�7�9�)�.� �D�o�m�i�n�a�n�t� �l�a�n�g�u�a�g�e� 

�f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �r�i�g�h�t� �h�e�m�i�s�p�h�e�r�e�?� �P�r�o�s�o�d�y� �a�n�d� 

�e�m�o�t�i�o�n�a�l� �g�e�s�t�u�r�i�n�g�.� �A�r�c�h�i�v�e�s� �o�f� �N�e�u�r�o�l�o�g�y�,� �3�6�,� 

�1�4�4�-�1�4�8�.� 

�R�o�s�s�,� �E�.� �D�.�,� �&� �R�u�s�h�,� �J�.� �(�1�9�8�1�)�.� �D�i�a�g�n�o�s�i�s� �a�n�d� 

�n�e�u�r�o�a�n�a�t�o�m�i�c�a�l� �c�o�r�r�e�l�a�t�e�s� �o�f� �d�e�p�r�e�s�s�i�o�n� �i�n� �b�r�a�i�n�-� 

�d�a�m�a�g�e�d� �p�a�t�i�e�n�t�s�.� �A�r�c�h�i�v�e�s� �o�f� �G�e�n�e�r�a�l� �P�s�y�c�h�i�a�t�r�y�,� 

�3�8�,� �1�3�4�4�-�1�3�5�4�.� 

�R�u�f�f�,� �R�.� �(�1�9�8�8�)�.� �R�u�f�f� �F�i�g�u�r�a�l� �F�l�u�e�n�c�y� �T�e�s�t� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� 

�m�a�n�u�a�l�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �R�e�s�o�u�r�c�e�s�.� 

�R�u�f�f�,� �R�.�,� �E�v�a�n�s�,� �R�.�,� �&� �M�a�r�s�h�a�l�l�,� �L�.� �F�.� �(�1�9�8�6�)�.� �I�m�p�a�i�r�e�d� 

�v�e�r�b�a�l� �a�n�d� �f�i�g�u�r�a�l� �f�l�u�e�n�c�y� �a�f�t�e�r� �h�e�a�d� �i�n�j�u�r�y�.� 

�A�r�c�h�i�v�e�s� �o�f� �C�l�i�n�i�c�a�l� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �1�,� �8�7�-�1�0�1�.� 

�R�u�f�f�,� �R�.�,� �A�l�l�e�n�,� �C�.� �C�.�,� �F�a�r�r�o�w�,� �C�.� �E�.�,� �N�i�e�m�a�n�n�,� �H�.�,� �&� �W�y�l�i�e�,� 

�T�.� �(�1�9�9�4�)�.� �F�i�g�u�r�a�l� �f�l�u�e�n�c�y�:� �D�i�f�f�e�r�e�n�t�i�a�l� 

�i�m�p�a�i�r�m�e�n�t� �i�n� �p�a�t�i�e�n�t�s� �w�i�t�h� �l�e�f�t� �v�e�r�s�u�s� �r�i�g�h�t



�1�0�0� 

�f�r�o�n�t�a�l� �l�o�b�e� �l�e�s�i�o�n�s�.� �A�r�c�h�i�v�e�s� �o�f� �C�l�i�n�i�c�a�l� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �9�,� �4�1�-�5�5�.� 

�R�u�f�f�,� �R�.� �M�.�,� �L�i�g�h�t�,� �R�.� �H�.�,� �&� �E�v�a�n�s�,� �R�.� �(�1�9�8�7�)�.� �T�h�e� �R�u�f�f� 

�F�i�g�u�r�a�l� �F�l�u�e�n�c�y� �T�e�s�t�:� �A� �n�o�r�m�a�t�i�v�e� �s�t�u�d�y� �w�i�t�h� 

�a�d�u�l�t�s�.� �D�e�v�e�l�o�p�m�e�n�t�a�l� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �3�(�1�)�,� �3�7�-� 

�5�1�.� 

�S�p�e�e�d�i�e�,� �L�.� �J�.�,� �&� �H�e�i�l�m�a�n�,� �K�.� �M�.� �(�1�9�8�3�)�.� �A�n�t�e�r�o�g�r�a�d�e� �m�e�m�o�r�y� 

�d�e�f�i�c�i�t�s� �f�o�r� �v�i�s�u�o�s�p�a�t�i�a�l� �m�a�t�e�r�i�a�l� �a�f�t�e�r� 

�i�n�f�a�r�c�t�i�o�n� �o�f� �t�h�e� �r�i�g�h�t� �t�h�a�l�a�m�u�s�.� �A�r�c�h�i�v�e�s� �o�f� 

�N�e�u�r�o�l�o�g�y�,� �4�0�,� �1�8�3�-�1�8�6�.� 

�S�t�r�u�b�,� �R�.� �L�.�,� �B�l�a�c�k�,� �F�.� �W�.� �(�1�9�8�5�)�.� �T�h�e� �m�e�n�t�a�l� �s�t�a�t�u�s� 

�e�x�a�m�i�n�a�t�i�o�n� �i�n� �n�e�u�r�o�l�o�g�y�.� �P�h�i�l�a�d�e�l�p�h�i�a�:� �F�.� �A�.� 

�D�a�v�i�s� �C�o�m�p�a�n�y�.� 

�S�t�u�s�s�,� �D�.� �T�.� �&� �B�e�n�s�o�n�,� �D�.� �F�.� �(�1�9�8�4�)�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� 

�s�t�u�d�i�e�s� �o�f� �t�h�e� �f�r�o�n�t�a�l� �l�o�b�e�s�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� 

�B�u�l�l�e�t�i�n�,� �9�5�(�1�)�,� �3�-�2�8�.� 

�S�t�u�s�s�,� �D�.� �T�.�,� �&� �B�e�n�s�o�n�,� �D�.� �F�.� �(�1�9�8�6�)�.� �T�h�e� �f�r�o�n�t�a�l� �l�o�b�e�s�.� 

�N�e�w� �Y�o�r�k�:� �R�a�v�e�n� �P�r�e�s�s�.� 

�T�a�y�l�o�r�,� �A�.� �E�.�,� �S�a�i�n�t�-�C�y�r�,� �J�.� �A�.�,� �&� �L�a�n�g�,� �A�.� �E�.� �(�1�9�8�6�)�.� 

�F�r�o�n�t�a�l� �l�o�b�e� �d�y�s�f�u�n�c�t�i�o�n� �i�n� �P�a�r�k�i�n�s�o�n�'�s� �d�i�s�e�a�s�e�.� 

�B�r�a�i�n�,� �1�0�9�,� �8�4�5�-�8�8�3�.� 

� � 

�T�u�e�b�e�r�,� �H�.� �L�.�,� �B�a�t�t�e�r�s�b�y�,� �W�.� �S�.� �&� �B�e�n�d�e�r�,� �M�.� �B�.� �(�1�9�5�1�)�.� 

�P�e�r�f�o�r�m�a�n�c�e� �o�f� �c�o�m�p�l�e�x� �v�i�s�u�a�l� �t�a�s�k�s� �a�f�t�e�r� �c�e�r�e�b�r�a�l� 

�l�e�s�i�o�n�s�.� �J�o�u�r�n�a�l� �o�f� �N�e�r�v�o�u�s� �a�n�d� �M�e�n�t�a�l� �D�i�s�e�a�s�e�,� 

�1�1�4�,� �4�1�3�-�4�2�9�.



�1�0�2� 

�W�o�o�d�a�r�d�,� �J�.� �L�,� �A�x�e�l�r�o�d�,� �B�.� �N�.�,� �&� �R�o�l�a�n�d�o�,� �H�.� �R�.� �(�1�9�9�2�)�.� 

�I�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �s�c�o�r�i�n�g� �p�a�r�a�m�e�t�e�r�s� �f�o�r� 

�t�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t�.� �N�e�u�r�o�p�s�y�c�h�o�l�o�g�y�,� �6�(�2�)�,� 

�1�7�3�-�1�7�8�.� 

�Z�a�n�g�w�i�l�l�,� �O�o�.� �L�.� �(�1�9�6�6�)�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �d�e�f�i�c�i�t�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �f�r�o�n�t�a�l� �l�o�b�e� �l�e�s�i�o�n�s�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� 

�o�f� �N�e�u�r�o�s�c�i�e�n�c�e�,� �5�,� �3�9�5�-�4�0�2�.



�1�0�3� 

�A�p�p�e�n�d�i�x� �A� 

�P�i�l�o�t� �S�t�u�d�i�e�s� 

�T�w�o� �p�i�l�o�t� �s�t�u�d�i�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d�.� �T�h�e� �f�i�r�s�t� �w�a�s� 
�d�e�s�i�g�n�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �a�p�p�r�o�p�r�i�a�t�e� �c�u�t�o�f�f�s� �f�o�r� �t�h�e� 
�e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p�s� �b�y� �a�d�m�i�n�i�s�t�e�r�i�n�g� �t�h�e� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �t�o� 
�a� �l�a�r�g�e� �s�a�m�p�l�e� �o�f� �s�u�b�j�e�c�t�s� �(�N� �=� �1�3�4�)�,� �s�e�e� �A�p�p�e�n�d�i�x� �F�.� �T�h�i�s� 
�s�a�m�p�l�e� �c�o�n�s�i�s�t�e�d� �o�f� �b�o�t�h� �c�o�l�l�e�g�e�-�a�g�e�d� �m�e�n� �(�n� �=� �6�1�)� �a�n�d� �w�o�m�e�n� 
�(�n� �=� �7�3�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�e�x� �d�i�f�f�e�r�e�n�c�e�s� �o�n� �t�h�e� �f�l�u�e�n�c�y� 
�m�e�a�s�u�r�e�s�,� �a�n�d� �t�h�e� �d�a�t�a� �w�e�r�e� �s�u�b�s�e�q�u�e�n�t�l�y� �p�o�o�l�e�d� �a�n�d� �a�n�a�l�y�z�e�d� 
�w�i�t�h�o�u�t� �r�e�g�a�r�d� �f�o�r� �g�e�n�d�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�i�s� �p�i�l�o�t� �s�t�u�d�y� 
�s�o�u�g�h�t� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �a�d�e�q�u�a�t�e� �i�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y� 
�c�o�u�l�d� �b�e� �e�s�t�a�b�l�i�s�h�e�d� �f�o�r� �t�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t� �(�D�F�T�)�.� �T�w�o� 
�t�r�a�i�n�e�d� �r�a�t�e�r�s� �s�c�o�r�e�d� �a�l�l� �t�h�e� �D�F�T� �p�r�o�t�o�c�o�l�s�.� 

�A� �s�e�c�o�n�d� �p�i�l�o�t� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� 
�a�d�e�q�u�a�t�e� �i�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y� �c�o�u�l�d� �b�e� �e�s�t�a�b�l�i�s�h�e�d� �f�o�r� 
�f�a�c�i�a�l� �a�c�c�u�r�a�c�y� �a�n�d� �i�n�t�e�n�s�i�t�y�.� �T�w�o� �r�a�t�e�r�s� �f�i�r�s�t� �r�a�t�e�d� �t�h�e� 
�a�f�f�e�c�t� �a�n�d� �i�n�t�e�n�s�i�t�y� �o�f� �E�k�m�a�n�'�s� �P�i�c�t�u�r�e�s� �o�f� �F�a�c�i�a�l� �A�f�f�e�c�t�,� 
�s�t�a�n�d�a�r�d�i�z�e�d� �b�a�t�t�e�r�y� �o�f� �a�f�f�e�c�t�i�v�e� �f�a�c�e�s� �(�E�k�m�a�n� �&� �F�r�i�e�s�e�n�,� 
�1�9�7�8�)�.� �N�e�x�t�,� �t�h�e�s�e� �s�a�m�e� �r�a�t�e�r�s� �r�a�t�e�d� �f�a�c�e�s� �g�e�n�e�r�a�t�e�d� �b�y� �a� 
�s�m�a�l�l� �s�a�m�p�l�e� �o�f� �s�u�b�j�e�c�t�s� �(�N� �=� �1�5�)� �r�u�n� �t�h�r�o�u�g�h� �t�h�e� 
�e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�t�o�c�o�l�.� �R�e�l�i�a�b�i�l�i�t�y� �m�e�a�s�u�r�e�s� �f�o�r� �a�c�c�u�r�a�c�y� 
�a�n�d� �i�n�t�e�n�s�i�t�y� �w�e�r�e� �o�b�t�a�i�n�e�d�.� �R�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �p�i�l�o�t� �s�t�u�d�i�e�s� 
�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �H�.



�1�0�4� 

�A�p�p�e�n�d�i�x� �B� 

�I�n�f�o�r�m�e�d� �C�o�n�s�e�n�t� �t�o� �P�a�r�t�i�c�i�p�a�t�e� �i�n� �R�e�s�e�a�r�c�h� 

�R�E�S�E�A�R�C�H� �P�U�R�P�O�S�E�:� 
�Y�o�u� �a�r�e� �i�n�v�i�t�e�d� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �a�n� �e�x�p�e�r�i�m�e�n�t� 

�e�v�a�l�u�a�t�i�n�g� �h�o�w� �i�n�d�i�v�i�d�u�a�l�s� �e�x�p�r�e�s�s� �e�m�o�t�i�o�n�a�l� �v�i�a� �t�h�e�i�r� 
�f�a�c�i�a�l� �g�e�s�t�u�r�e�s�.� �Y�o�u� �w�i�l�l� �b�e� �a�s�k�e�d� �t�o� �m�a�k�e� �a� �n�u�m�b�e�r� �o�f� 
�e�m�o�t�i�o�n�a�l� �f�a�c�e�s�.� �T�h�i�s� �w�i�l�l� �a�i�d� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �w�h�i�c�h� �p�a�r�t�s� 
�o�f� �t�h�e� �b�r�a�i�n� �a�r�e� �a�c�t�i�v�e� �i�n� �e�m�o�t�i�o�n�a�l� �g�e�n�e�r�a�t�i�o�n�.� �T�h�i�s� �f�o�r�m� 
�i�s� �d�e�s�i�g�n�e�d� �t�o� �p�r�o�v�i�d�e� �y�o�u� �w�i�t�h� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �s�t�u�d�y� 
�a�n�d� �t�o� �a�n�s�w�e�r� �a�n�y� �q�u�e�s�t�i�o�n�s�.� 

�E�X�P�E�R�I�M�E�N�T�A�L� �P�R�O�C�E�D�U�R�E�:� 
�T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e� �g�o�a�l�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �y�o�u� �w�i�l�l�,� �i�f� 

�s�e�l�e�c�t�e�d�,� �b�e� �a�s�k�e�d� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�w�o� �e�x�p�e�r�i�m�e�n�t�a�l� 
�s�e�s�s�i�o�n�s�.� �I�n� �t�h�e� �f�i�r�s�t�,� �y�o�u� �w�i�l�l� �c�o�m�p�l�e�t�e� �a� �n�u�m�b�e�r� �o�f� 
�c�o�g�n�i�t�i�v�e� �t�a�s�k�s�.� �I�n� �t�h�e� �s�e�c�o�n�d�,� �y�o�u� �w�i�l�l� �b�e� �a�s�k�e�d� �t�o� 
�c�o�m�p�l�e�t�e� �t�h�e� �e�m�o�t�i�o�n�a�l� �t�a�s�k� �l�i�s�t�e�d� �a�b�o�v�e� �a�n�d� �s�o�m�e� �o�t�h�e�r� �o�f� 
�c�o�g�n�i�t�i�v�e� �t�a�s�k�s�.� �T�h�e�s�e� �t�a�s�k�s� �w�i�l�l� �i�n�c�l�u�d�e� �g�e�n�e�r�a�t�i�n�g� �l�i�s�t�s� 
�o�f� �w�o�r�d�s� �a�n�d� �d�e�s�i�g�n�s�,� �f�i�n�g�e�r� �t�a�p�p�i�n�g� �a�n�d� �c�o�m�p�l�e�t�i�n�g� �s�o�m�e� 
�q�u�e�s�t�i�o�n�n�a�i�r�e�s�.� �E�a�c�h� �s�e�s�s�i�o�n� �s�h�o�u�l�d� �l�a�s�t� �f�o�r� �a� �a�b�o�u�t� �o�n�e�-� 
�h�a�l�f� �h�o�u�r�.� 

�D�I�S�C�O�M�F�O�R�T�S�/�R�I�S�K�S� �F�R�O�M� �P�A�R�T�I�C�I�P�A�T�I�O�N�:� 
�N�o� �m�e�d�i�c�a�l� �o�r� �p�s�y�c�h�o�l�o�g�i�c�a�l� �r�i�s�k�s� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� 

�B�E�N�E�F�I�T�S�:� 
�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�i�l�l� �c�o�n�t�r�i�b�u�t�e� �t�o� �o�u�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� 

�h�o�w� �e�m�o�t�i�o�n� �i�s� �g�e�n�e�r�a�t�e�d�.� �Y�o�u� �w�i�l�l� �a�l�s�o� �r�e�c�e�i�v�e� �e�x�t�r�a� 
�c�r�e�d�i�t� �f�o�r� �y�o�u�r� �p�a�r�t�i�c�i�p�a�t�i�o�n� �a�n�d� �w�i�l�l� �b�e� �b�r�i�e�f�l�y� �d�e�b�r�i�e�f�e�d� 
�f�o�l�l�o�w�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� 

�C�O�N�F�I�D�E�N�T�I�A�L�I�T�Y� �O�F� �R�E�S�U�L�T�S�:� 
�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�i�l�l� �b�e� �h�e�l�d� �s�t�r�i�c�t�l�y� 

�c�o�n�f�i�d�e�n�t�i�a�l�.� �A�t� �n�o� �t�i�m�e� �w�i�l�l� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� �r�e�l�e�a�s�e� �t�h�e� 
�r�e�s�u�l�t�s� �o�f� �t�h�e� �s�t�u�d�y� �t�o� �a�n�y�o�n�e� �o�t�h�e�r� �t�h�a�n� �i�n�d�i�v�i�d�u�a�l�s� 
�w�o�r�k�i�n�g� �o�n� �t�h�e� �p�r�o�j�e�c�t�.� �T�h�e� �i�n�f�o�r�m�a�t�i�o�n� �y�o�u� �p�r�o�v�i�d�e� �w�i�l�l� 
�h�a�v�e� �y�o�u�r� �n�a�m�e� �r�e�m�o�v�e�d� �a�n�d� �o�n�l�y� �a� �s�u�b�j�e�c�t� �n�u�m�b�e�r� �w�i�l�l� 
�i�d�e�n�t�i�f�y� �y�o�u� �d�u�r�i�n�g� �a�n�a�l�y�s�e�s� �a�n�d� �f�o�r� �a�n�y� �r�e�s�e�a�r�c�h� �r�e�p�o�r�t�.� 
�A�l�l� �v�i�d�e�o� �a�n�d� �a�u�d�i�o� �t�a�p�e�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �w�i�l�l� �b�e� �v�i�e�w�e�d� 
�o�n�l�y� �b�y� �G�e�o�r�g�e� �J�.� �D�e�m�a�k�i�s� �a�n�d� �h�i�s� �r�e�s�e�a�r�c�h� �a�s�s�i�s�t�a�n�t�s� �a�n�d� 
�w�i�l�l� �b�e� �e�r�a�s�e�d� �a�f�t�e�r� �t�h�e� �o�n�e� �m�o�n�t�h� �p�i�l�o�t� �t�e�s�t� �p�h�a�s�e�.� 

�F�R�E�E�D�O�M� �T�O� �W�I�T�H�D�R�A�W�:� 
�Y�o�u� �a�r�e� �f�r�e�e� �t�o� �w�i�t�h�d�r�a�w� �y�o�u�r� �c�o�n�s�e�n�t� �t�o� �p�a�r�t�i�c�i�p�a�t�e� 

�a�n�d� �d�i�s�c�o�n�t�i�n�u�e� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �a�t� �a�n�y� �t�i�m�e�.� 
�N�o� �p�e�n�a�l�t�y� �w�i�l�l� �b�e� �i�m�p�o�s�e�d�.



�1�0�5� 

�E�X�T�R�A� �C�R�E�D�I�T�:� 
�Y�o�u� �w�i�l�l� �r�e�c�e�i�v�e� �o�n�e� �e�x�t�r�a� �c�r�e�d�i�t� �p�o�i�n�t� �f�o�r� �e�a�c�h� 

�e�x�p�e�r�i�m�e�n�t�a�l� �s�e�s�s�i�o�n�.� �I�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �l�a�s�t�s� �f�o�r� �m�o�r�e� �t�h�a�n� 
�a�n� �h�o�u�r� �y�o�u� �w�i�l�l� �r�e�c�e�i�v�e� �t�w�o� �e�x�t�r�a� �c�r�e�d�i�t� �p�o�i�n�t�s�.� �I�f� �a�t� �a�n�y� 
�t�i�m�e� �y�o�u� �w�i�t�h�d�r�a�w� �y�o�u�r� �c�o�n�s�e�n�t� �t�o� �p�a�r�t�i�c�i�p�a�t�e�,� �y�o�u� �w�i�l�l� 
�s�t�i�l�l� �r�e�c�e�i�v�e� �e�x�t�r�a� �c�r�e�d�i�t�.� 

�U�S�E� �O�F� �R�E�S�E�A�R�C�H� �M�A�T�E�R�I�A�L�:� 
�T�h�e� �i�n�f�o�r�m�a�t�i�o�n� �a�c�c�u�m�u�l�a�t�e�d� �b�y� �t�h�i�s� �r�e�s�e�a�r�c�h� �m�a�y� �b�e� 

�u�s�e�d� �f�o�r� �s�c�i�e�n�t�i�f�i�c� �o�r� �e�d�u�c�a�t�i�o�n� �p�u�r�p�o�s�e�s� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� 
�r�e�l�a�t�i�n�g� �t�o� �y�o�u�r� �r�e�s�p�o�n�s�e�s� �m�a�y� �b�e� �p�r�e�s�e�n�t�e�d� �a�t� �s�c�i�e�n�t�i�f�i�c� 
�m�e�e�t�i�n�g�s� �a�n�d�/�o�r� �p�u�b�l�i�s�h�e�d� �i�n� �p�r�o�f�e�s�s�i�o�n�a�l� �j�o�u�r�n�a�l�s� �o�r� �b�o�o�k�s�,� 
�o�r� �u�s�e�d� �f�o�r� �a�n�y� �o�t�h�e�r� �p�u�r�p�o�s�e� �w�h�i�c�h� �V�i�r�g�i�n�i�a� �T�e�c�h�'�s� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �P�s�y�c�h�o�l�o�g�y� �c�o�n�s�i�d�e�r�s� �p�r�o�p�e�r� �i�n� �t�h�e� �i�n�t�e�r�e�s�t� �o�f� 
�e�d�u�c�a�t�i�o�n�,� �k�n�o�w�l�e�d�g�e� �o�r� �r�e�s�e�a�r�c�h�.� 

�A�P�P�R�O�V�A�L� �O�F� �R�E�S�E�A�R�C�H�:� 
�T�h�i�s� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t� �h�a�s� �b�e�e�n� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �H�u�m�a�n� 

�S�u�b�j�e�c�t�s� �C�o�m�m�i�t�t�e�e� �o�f� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �P�s�y�c�h�o�l�o�g�y� �a�n�d� �b�y� 
�t�h�e� �I�n�s�t�i�t�u�t�i�o�n�a�l� �R�e�v�i�e�w� �B�o�a�r�d� �o�f� �V�i�r�g�i�n�i�a� �T�e�c�h�.� 

�S�T�A�T�E�D� �P�E�R�M�I�S�S�I�O�N� �F�R�O�M� �S�U�B�J�E�C�T�:� 
�1�.� �I� �h�a�v�e� �r�e�a�d� �a�n�d� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �a�b�o�v�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

�t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �h�a�d� �a�n� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �a�s�k� �q�u�e�s�t�i�o�n�s� �a�n�d� �h�a�d� 
�t�h�e�m� �a�n�s�w�e�r�e�d�,� �a�n�d� �h�e�r�e�b�y� �a�c�k�n�o�w�l�e�d�g�e� �t�h�e� �a�b�o�v�e� �a�n�d� �g�i�v�e� �m�y� 
�v�o�l�u�n�t�a�r�y� �c�o�n�s�e�n�t� �f�o�r� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�2�.� �I� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �I� �a�m� �p�a�r�t�i�c�i�p�a�t�i�n�g� �f�r�e�e�l�y� �a�n�d� 
�f�u�l�l�y� �u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�a�t� �I� �n�e�e�d� �n�o�t� �p�a�r�t�i�c�i�p�a�t�e� �i�f� �I� �d�o� �n�o�t� 
�w�i�s�h� �t�o�,� �a�n�d� �i�f� �I� �p�a�r�t�i�c�i�p�a�t�e� �I� �m�a�y� �w�i�t�h�d�r�a�w� �a�t� �a�n�y� �t�i�m�e� 
�w�i�t�h�o�u�t� �p�e�n�a�l�t�y�.� 

�3�.� �I� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �s�h�o�u�l�d� �I� �h�a�v�e� �a�n�y� �q�u�e�s�t�i�o�n�s� 
�a�b�o�u�t� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�n�d� �i�t�s� �c�o�n�d�u�c�t�,� �I� �s�h�o�u�l�d� �c�o�n�t�a�c�t� �a�n�y� �o�f� 
�t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�R�e�s�e�a�r�c�h�e�r�:� �G�e�o�r�g�e� �D�e�m�a�k�i�s�,� �M�.� �S�.� �5�5�2�-�7�3�2�7� 

�F�a�c�u�l�t�y� �A�d�v�i�s�o�r�:� �D�a�v�i�d� �W�.� �H�a�r�r�i�s�o�n�,� �P�h�.� �D�.� �2�3�1�-�4�4�2�2� 

�C�h�a�i�r�,� �H�u�m�a�n� �S�u�b�j�e�c�t�s�:� �R�.� �J�.� �H�a�r�v�e�y�,� �P�h�.� �D�.� �2�3�1�-�6�5�2�0� 

�C�h�a�i�r�,� �I�n�s�t�i�t�u�t�i�o�n�a�l� �R�e�v�i�e�w�:� �E�r�n�i�e� �S�t�o�u�t� �2�3�1�-�5�2�8�1� 

�S�i�g�n�a�t�u�r�e�:� �D�a�t�e�:� 
� � 

�S�u�b�j�e�c�t� �I�D� �#� 
� 



�1�0�6� 

�A�p�p�e�n�d�i�x� �C� 

�H�a�n�d�e�d�n�e�s�s� �Q�u�e�s�t�i�o�n�n�a�i�r�e� 

� � 

�1�.� �W�i�t�h� �w�h�i�c�h� �h�a�n�d� �w�o�u�l�d� �y�o�u� �t�h�r�o�w� �a� �b�a�l�l� �t�o� �h�i�t� �a� �t�a�r�g�e�t�?� 
�2�.� �W�i�t�h� �w�h�i�c�h� �h�a�n�d� �d�o� �y�o�u� �d�r�a�w�?� 
�3�.� �W�i�t�h� �w�h�i�c�h� �h�a�n�d� �d�o� �y�o�u� �u�s�e� �a�n� �e�r�a�s�e�r� �o�n� �p�a�p�e�r�?� 
�4�.� �W�i�t�h� �w�h�i�c�h� �h�a�n�d� �d�o� �y�o�u� �r�e�m�o�v�e� �t�h�e� �t�o�p� �c�a�r�d� �w�h�e�n� �d�e�a�l�i�n�g�?� 

� � 

�1�.� �W�i�t�h� �w�h�i�c�h� �f�o�o�t� �d�o� �y�o�u� �k�i�c�k� �a� �b�a�l�l�?� 
�2�.� �I�f� �y�o�u� �w�a�n�t�e�d� �t�o� �p�i�c�k� �u�p� �a� �p�e�b�b�l�e� �w�i�t�h� �y�o�u� �t�o�e�s�,� �w�h�i�c�h� 

�f�o�o�t� �w�o�u�l�d� �y�o�u� �u�s�e�?� 
�3�.� �I�f� �y�o�u� �h�a�d� �t�o� �s�t�e�p� �u�p� �o�n�t�o� �a� �c�h�a�i�r�,� �w�h�i�c�h� �f�o�o�t� �w�o�u�l�d� �y�o�u� 

�p�l�a�c�e� �o�n� �t�h�e� �c�h�a�i�r� �f�i�r�s�t�.� 

�E�y�e� 

�1�.� �W�h�i�c�h� �e�y�e� �w�o�u�l�d� �y�o�u� �u�s�e� �t�o� �p�e�e�p� �t�h�r�o�u�g�h� �a� �k�e�y�h�o�l�e�?� 
�2�.� �I�f� �y�o�u� �h�a�d� �t�o� �l�o�o�k� �i�n�t�o� �a� �d�a�r�k� �b�o�t�t�l�e� �t�o� �s�e�e� �h�o�w� �f�u�l�l� 

�i�t� �w�a�s�,� �w�h�i�c�h� �e�y�e� �w�o�u�l�d� �y�o�u� �u�s�e�?� 
�3�.� �W�h�i�c�h� �e�y�e� �w�o�u�l�d� �y�o�u� �u�s�e� �t�o� �s�i�g�h�t� �d�o�w�n� �a� �r�i�f�l�e�?� 

�E�a�r� 

�1�.� �I�f� �y�o�u� �w�a�n�t�e�d� �t�o� �l�i�s�t�e�n� �i�n� �o�n� �a� �c�o�n�v�e�r�s�a�t�i�o�n� �g�o�i�n�g� �o�n� 
�b�e�h�i�n�d� �a� �c�l�o�s�e� �d�o�o�r�,� �w�h�i�c�h� �e�a�r� �w�o�u�l�d� �y�o�u� �p�l�a�c�e� �a�g�a�i�n�s�t� 
�t�h�e� �d�o�o�r�?� 

�2�.� �I�f� �y�o�u� �w�a�n�t�e�d� �t�o� �h�e�a�r� �s�o�m�e�o�n�e�'�s� �h�e�a�r�t� �b�e�a�t�,� �w�h�i�c�h� �e�a�r� 
�w�o�u�l�d� �y�o�u� �p�l�a�c�e� �a�g�a�i�n�s�t� �t�h�e�i�r� �c�h�e�s�t�?� 

�3�.� �I�n�t�o� �w�h�i�c�h� �e�a�r� �w�o�u�l�d� �y�o�u� �p�l�a�c�e� �t�h�e� �e�a�r�p�h�o�n�e� �o�f� �a� 
�t�r�a�n�s�i�s�t�o�r� �r�a�d�i�o�?



�1�0�7� 

�A�p�p�e�n�d�i�x� �D� 

�N�e�u�r�o�l�o�g�i�c�a�l� �H�i�s�t�o�r�y� �Q�u�e�s�t�i�o�n�n�a�i�r�e� 

�H�a�v�e� �y�o�u� �e�v�e�r� �e�x�p�e�r�i�e�n�c�e�d� �o�r� �b�e�e�n� �d�i�a�g�n�o�s�e�d� �w�i�t�h� �a�n�y� �o�f� 
�t�h�e� �f�o�l�l�o�w�i�n�g�,� �o�r� �a�r�e� �y�o�u� �e�x�p�e�r�i�e�n�c�i�n�g� �a�n�y� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� 
�a�t� �p�r�e�s�e�n�t�?� �P�l�e�a�s�e� �c�i�r�c�l�e� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �r�e�s�p�o�n�s�e� �a�n�d� 
�e�x�p�l�a�i�n� �a�n�y� �"�Y�e�s�"� �a�n�s�w�e�r�s� �b�e�l�o�w�.� 

�1�.� �V�i�s�u�a�l� �d�i�f�f�i�c�u�l�t�i�e�s�,� �b�l�u�r�r�e�d� �v�i�s�i�o�n� �Y�e�s� �N�o� 
�o�r� �e�y�e� �d�i�s�o�r�d�e�r�s� 

�2�.� �B�l�i�n�d�n�e�s�s� �i�n� �e�i�t�h�e�r� �e�y�e� �Y�e�s� �N�o� 

�3�.� �I�f� �Y�e�s� �t�o� �e�i�t�h�e�r� �o�f� �t�h�e� �a�b�o�v�e�,� �h�a�v�e� 
�p�r�o�b�l�e�m�s� �b�e�e�n� �c�o�r�r�e�c�t�e�d� �Y�e�s� �N�o� 

�4�.� �S�e�v�e�r�e� �h�e�a�d� �t�r�a�u�m�a�/�i�n�j�u�r�y� �Y�e�s� �N�o� 

�5�.� �S�t�r�o�k�e� �Y�e�s� �N�o� 

�6�.� �L�e�a�r�n�i�n�g� �d�i�s�a�b�i�l�i�t�i�e�s� �(�p�r�o�b�l�e�m�s� 
�o�f� �r�e�a�d�i�n�g�,� �w�r�i�t�i�n�g�,� �o�r� �c�o�m�p�r�e�h�e�n�s�i�o�n�)� �Y�e�s� �N�o� 

�7�.� �E�p�i�l�e�p�s�y� �o�r� �s�e�i�z�u�r�e�s� �Y�e�s� �N�o� 

�8�.� �P�a�r�a�l�y�s�i�s� �Y�e�s� �N�o� 

�9�.� �N�e�u�r�o�l�o�g�i�c�a�l� �s�u�r�g�e�r�y� �Y�e�s� �N�o� 

�P�l�e�a�s�e� �e�x�p�l�a�i�n� �a�n�y� �"�Y�e�s�"� �r�e�s�p�o�n�s�e�s�:� 

� � 

� � 

� � 

� � 

� 



�1�0�8� 

�A�p�p�e�n�d�i�x� �E� 

�C�o�n�t�r�o�l�l�e�d� �O�r�a�l� �W�o�r�d� �A�s�s�o�c�i�a�t�i�o�n� �T�e�s�t� 

�A�d�m�i�n�i�s�t�r�a�t�i�o�n� 

�I� �A�M� �G�O�I�N�G� �T�O� �S�A�Y� �A� �L�E�T�T�E�R� �O�F� �T�H�E� �A�L�P�H�A�B�E�T� �A�N�D� �I� �W�A�N�T� 
�Y�O�U� �T�O� �W�R�I�T�E� �A�S� �Q�U�I�C�K�L�Y� �A�S� �Y�O�U� �C�A�N� �A�L�L� �T�H�E� �W�O�R�D�S� �Y�O�U� �C�A�N� 
�T�H�I�N�K� �O�F� �T�H�A�T� �B�E�G�I�N� �W�I�T�H� �T�H�A�T� �L�E�T�T�E�R�.� �F�O�R� �I�N�S�T�A�N�C�E�,� �I�F� �I� 
�S�A�Y� �"�B�"� �Y�O�U� �M�I�G�H�T� �S�A�Y� �"�B�A�D�,� �B�A�T�T�L�E�,� �B�E�D�"� �O�R� �O�T�H�E�R� �W�O�R�D�S� 
�L�I�K�E� �T�H�A�T�.� �D�O� �N�O�T� �U�S�E� �W�O�R�D�S� �W�H�I�C�H� �A�R�E� �P�R�O�P�E�R� �N�A�M�E�S� �S�U�C�H� �A�S� 
�"�B�O�S�T�O�N�,� �B�E�T�T�Y�,� �B�U�I�C�K�"� �O�R� �N�U�M�B�E�R�S�.� �A�L�S�O�,� �D�O� �N�O�T� �U�S�E� �T�H�E� 
�S�A�M�E� �W�O�R�D� �W�I�T�H� �A� �D�I�F�F�E�R�E�N�T� �P�R�E�F�I�X� �O�R� �S�U�F�F�I�X�,� �S�U�C�H� �A�S� �"�B�E�A�T�"� 
�O�R� �"�B�E�A�T�I�N�G�"�,� �O�R� �T�H�E� �S�A�M�E� �W�O�R�D� �I�N� �A� �D�I�F�F�E�R�E�N�T� �T�E�N�S�E�,� �S�U�C�H� �A�S� 
�"�F�I�G�H�T�"� �O�R�  ��F�O�U�G�H�T�"�.� �Y�O�U� �W�I�L�L� �H�A�V�E� �T�H�R�E�E� �M�I�N�U�T�E�S� �F�O�R� �E�A�C�H� 
�L�E�T�T�E�R� �A�N�D� �I� �W�I�L�L� �N�O�T�I�F�Y� �Y�O�U� �W�H�E�N� �T�H�E� �F�I�R�S�T� �A�N�D� �S�E�C�O�N�D� 
�M�I�N�U�T�E�S� �H�A�V�E� �P�A�S�S�E�D�.� �A�F�T�E�R� �E�A�C�H� �M�I�N�U�T�E�,� �P�L�E�A�S�E� �D�R�A�W� �A� �L�I�N�E� 
�U�N�D�E�R� �T�H�E� �L�A�S�T� �W�O�R�D� �W�R�I�T�T�E�N� �A�N�D� �J�U�S�T� �C�O�N�T�I�N�U�E� �G�E�N�E�R�A�T�I�N�G� 
�W�O�R�D�S�.� �A�N�Y� �Q�U�E�S�T�I�O�N�S�?� �B�E�G�I�N� �W�H�E�N� �I� �S�A�Y� �T�H�E� �F�I�R�S�T� �L�E�T�T�E�R�.� 
�T�H�E� �F�I�R�S�T� �L�E�T�T�E�R� �I�S� �"�F�"�.� �G�O� �A�H�E�A�D�.� 

�T�i�m�i�n�g� �b�e�g�i�n�s� �i�m�m�e�d�i�a�t�e�l�y� �a�n�d� �t�h�r�e�e� �m�i�n�u�t�e�s� �a�r�e� �a�l�l�o�w�e�d� 
�f�o�r� �e�a�c�h� �l�e�t�t�e�r�.� �W�h�e�n� �o�n�e� �m�i�n�u�t�e� �i�s� �u�p�,� �s�a�y� �"�O�N�E� �M�I�N�U�T�E� �I�S� 
�U�P�"� �a�n�d� �w�h�e�n� �t�w�o� �a�r�e� �u�p� �s�a�y� �"�T�W�O� �M�I�N�U�T�E�S� �A�R�E� �U�P�"�.� �W�h�e�n� �t�h�e� 
�t�h�r�e�e� �m�i�n�u�t�e�s� �a�r�e� �u�p� �s�a�y� �"�S�T�O�P�"�.� �W�a�i�t� �a�b�o�u�t� �5� �s�e�c�o�n�d�s� 
�b�e�f�o�r�e� �b�e�g�i�n�n�i�n�g� �t�h�e� �n�e�x�t� �t�r�i�a�l�.� �N�e�x�t�,� �s�a�y�;� �"�B�E�G�I�N� �W�H�E�N� �I� 
�S�A�Y� �T�H�E� �N�E�X�T� �L�E�T�T�E�R�.� �T�H�E� �N�E�X�T� �L�E�T�T�E�R� �I�S� �"�A�"�.� �G�O� �A�H�E�A�D�.� 
�A�l�l�o�w� �t�h�r�e�e� �m�i�n�u�t�e�s� �f�o�r� �t�h�i�s� �l�e�t�t�e�r�.� �F�o�l�l�o�w� �t�h�i�s� �p�r�o�t�o�c�o�l� 
�w�i�t�h� �t�h�e� �l�e�t�t�e�r� �"�S�"�.� �T�h�e� �s�c�o�r�e� �i�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 
�a�c�c�e�p�t�a�b�l�e� �w�o�r�d�s� �p�r�o�d�u�c�e�d� �o�v�e�r� �t�h�e� �n�i�n�e� �m�i�n�u�t�e�s�.



�1�1�0� 

�A�p�p�e�n�d�i�x� �F�,� �C�o�n�t�i�n�u�e�d� 

�S�c�o�r�i�n�g� 

�F�o�r� �e�a�c�h� �c�o�n�d�i�t�i�o�n�,� �t�h�e� �n�o�v�e�l� �o�u�t�p�u�t� �s�c�o�r�e� �i�s� �d�e�f�i�n�e�d� 
�a�s� �t�h�e� �t�o�t�a�l� �o�u�t�p�u�t� �m�i�n�u�s� �t�h�e� �s�u�m� �o�f� �a�l�l� �u�n�a�c�c�e�p�t�a�b�l�e� 
�d�e�s�i�g�n�s�.� �T�h�e�r�e� �a�r�e� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s� �o�f� �u�n�a�c�c�e�p�t�a�b�l�e� 
�d�e�s�i�g�n�s�;� �d�e�s�i�g�n�s� �t�h�a�t� �c�a�n� �b�e� �n�a�m�e�d�,� �d�e�s�i�g�n�s� �d�r�a�w�n� �w�i�t�h� �t�h�e� 
�w�r�o�n�g� �n�u�m�b�e�r� �o�f� �l�i�n�e�s� �(�o�n�l�y� �i�n� �t�h�e� �f�i�x�e�d� �c�o�n�d�i�t�i�o�n�)� �a�n�d� 
�p�e�r�s�e�v�e�r�a�t�i�v�e� �d�e�s�i�g�n�s�.� �P�e�r�s�e�v�e�r�a�t�i�v�e� �d�e�s�i�g�n�s� �a�r�e� �t�h�o�s�e� 
�w�h�i�c�h� �d�i�f�f�e�r� �f�r�o�m� �a�n�y� �o�t�h�e�r� �d�e�s�i�g�n� �b�y� �a� �s�i�n�g�l�e� �d�e�t�a�i�l� �o�r� 
�w�h�i�c�h� �a�r�e� �s�i�m�p�l�e� �r�o�t�a�t�i�o�n�s� �f�r�o�m� �p�r�e�v�i�o�u�s� �d�e�s�i�g�n�s�.� �T�h�e� 
�n�o�n�v�e�r�b�a�l� �f�l�u�e�n�c�y� �s�c�o�r�e� �i�s� �t�h�e� �s�u�m� �o�f� �t�h�e� �u�n�i�q�u�e� �d�e�s�i�g�n�s� 
�g�e�n�e�r�a�t�e�d� �i�n� �t�h�e� �f�i�x�e�d� �a�n�d� �f�r�e�e� �c�o�n�d�i�t�i�o�n�s�,� �m�i�n�u�s� �t�h�e� �n�u�m�b�e�r� 
�o�f� �n�a�m�e�a�b�l�e� �a�n�d� �p�e�r�s�e�v�e�r�a�t�i�v�e� �d�e�s�i�g�n�s�.



�1�1�1� 

�A�p�p�e�n�d�i�x� �F�,� �C�o�n�t�i�n�u�e�d� 

�D�e�s�i�g�n� �F�l�u�e�n�c�y� �T�e�s�t� �(�D�F�T�)� �R�e�l�i�a�b�i�l�i�t�y� 

�T�w�o� �t�r�a�i�n�e�d� �s�c�o�r�e�r�s� �i�n�d�e�p�e�n�d�e�n�t�l�y� �r�a�t�e�d� �t�h�e� �p�i�l�o�t� 
�s�u�b�j�e�c�t�s�!� �(�N� �=� �1�3�4�)� �D�F�T� �p�r�o�t�o�c�o�l�s�.� �C�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� 
�t�h�e�i�r� �s�c�o�r�i�n�g� �a�r�e� �p�r�e�s�e�n�t�e�d� �f�o�r� �a�l�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �D�e�s�i�g�n� 
�F�l�u�e�n�c�y� �T�e�s�t�.� 

� � 
�T�e�s�t� �C�o�r�r�e�l�a�t�i�o�n� 

�F�r�e�e� �U�n�i�q�u�e� �~�9�7�+� 
�F�r�e�e� �P�e�r�s�e�v�e�r�a�t�i�v�e� �~�7�3�+� 
�F�r�e�e� �N�a�m�e�a�b�l�e� �~�-�8�3�+� 
�F�i�x�e�d� �U�n�i�q�u�e� �~�9�7�+� 
�F�i�x�e�d� �P�e�r�s�e�v�e�r�a�t�i�v�e� �-�6�2�+� 
�F�i�x�e�d� �N�a�m�e�a�b�l�e� �5�4�+� 
�F�i�x�e�d� �W�r�o�n�g� �~�9�4�+� 
�D�e�s�i�g�n� �T�o�t�a�l� �~�9�7�+� 
� � 

�+� �=�p� �<�.�0�0�0�1�.� 
�N�o�t�e�:� �D�e�s�i�g�n� �T�o�t�a�l� �=� �F�r�e�e� �U�n�i�q�u�e� �+� �F�i�x�e�d� �U�n�i�q�u�e� 

� � 

�D�e�s�p�i�t�e� �c�o�n�c�e�r�n�s� �a�b�o�u�t� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �D�e�s�i�g�n� 
�F�l�u�e�n�c�y� �T�e�s�t�,� �t�h�e�s�e� �c�o�r�r�e�l�a�t�i�o�n�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �e�x�c�e�l�l�e�n�t� 
�r�e�l�i�a�b�i�l�i�t�y� �m�a�y� �b�e� �o�b�t�a�i�n�e�d� �b�e�t�w�e�e�n� �t�r�a�i�n�e�d� �r�a�t�e�r�s�.� �B�e�c�a�u�s�e� 
�o�f� �t�h�i�s� �h�i�g�h� �d�e�g�r�e�e� �o�f� �r�e�l�i�a�b�i�l�i�t�y� �f�o�r� �t�h�e� �p�i�l�o�t� �s�u�b�j�e�c�t�s�,� 
�o�n�l�y� �o�n�e� �r�a�t�e�r� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �a�c�t�u�a�l� �e�x�p�e�r�i�m�e�n�t�.� �H�o�w�e�v�e�r�,� 
�t�o� �e�n�s�u�r�e� �c�o�n�t�i�n�u�e�d� �h�i�g�h� �r�e�l�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �a�c�t�u�a�l� 
�e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �s�e�c�o�n�d� �r�a�t�e�r� �s�c�o�r�e�d� �a� �r�a�n�d�o�m� �s�a�m�p�l�e� �(�n� �=� �2�3�)� 
�o�f� �t�h�e� �D�e�s�i�g�n� �F�l�u�e�n�c�y� �p�r�o�t�o�c�o�l�s�,� �s�e�e� �T�a�b�l�e� �9�.� �H�i�g�h� 
�r�e�l�i�a�b�i�l�i�t�i�e�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�i�l�o�t� �s�t�u�d�y� �w�e�r�e� �o�b�t�a�i�n�e�d� �(�r�s� �=� 
�-�7�2� �-� �.�9�9�)�.� �I�n� �c�a�s�e�s� �w�h�e�r�e� �b�o�t�h� �r�a�t�e�r�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� 
�e�x�p�e�r�i�m�e�n�t�,� �o�n�l�y� �t�h�e� �s�c�o�r�e�s� �o�f� �t�h�e� �f�i�r�s�t� �r�a�t�e�r� �w�e�r�e� �u�s�e�d� �t�o� 
�d�e�t�e�r�m�i�n�e� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p� �o�f� �t�h�e� �s�u�b�j�e�c�t�.



�1�1�2� 

�A�p�p�e�n�d�i�x� �G� 

�V�e�r�b�a�l� �a�n�d� �N�o�n�v�e�r�b�a�l� �F�l�u�e�n�c�y� �C�u�t�o�f�f�s� �B�a�s�e�d� �o�n� �P�i�l�o�t� �T�e�s�t�i�n�g� 

� � 

� � 

�C�u�t�o�f�f�s� 

�F�l�u�e�n�c�y� �B�o�t�t�o�m� �(�3�3�%�)� �T�o�p� �(�6�7�%�)� 

�V�e�r�b�a�l� �6�8� �8�0� 

�N�o�n�v�e�r�b�a�l� �3�0� �4�1� 

� � 

�N�o�t�e�:� �S�u�b�j�e�c�t�s� �w�h�o� �s�c�o�r�e�d� �e�i�t�h�e�r� �b�e�l�o�w� �t�h�e� �b�o�t�t�o�m� �c�u�t�o�f�f� �o�r� 
�a�b�o�v�e� �t�h�e� �t�o�p� �c�u�t�o�f�f� �o�n� �b�o�t�h� �f�l�u�e�n�c�y� �m�e�a�s�u�r�e�s� �w�e�r�e� �r�e�t�a�i�n�e�d� 
�f�o�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �a�n�d� �c�o�n�t�a�c�t�e�d� �f�o�r� �f�u�r�t�h�e�r� �t�e�s�t�i�n�g�.� 
�S�u�b�j�e�c�t�s� �w�h�o� �s�c�o�r�e�d� �i�n� �t�h�e� �m�i�d�d�l�e� �o�f� �e�i�t�h�e�r� �c�u�t�o�f�f� �r�e�c�e�i�v�e�d� 
�e�x�p�e�r�i�m�e�n�t�a�l� �c�r�e�d�i�t�,� �b�u�t� �w�e�r�e� �n�o�t� �c�o�n�t�a�c�t�e�d� �f�o�r� �f�u�r�t�h�e�r� 
�t�e�s�t�i�n�g�.� �T�h�u�s�,� �t�h�e� �u�p�p�e�r� �t�h�i�r�d� �o�f� �t�h�e� �s�a�m�p�l�e� �w�e�r�e� 
�c�o�n�s�i�d�e�r�e�d� �"�F�l�u�e�n�t�"� �a�n�d� �t�h�e� �b�o�t�t�o�m� �t�h�i�r�d� �o�f� �t�h�e� �s�a�m�p�l�e� 
�"�N�o�n�f�l�u�e�n�t�"�.



�1�1�3� 

�A�p�p�e�n�d�i�x� �H� 

�P�r�o�t�o�c�o�l� �f�o�r� �F�a�c�i�a�l� �E�x�p�r�e�s�s�i�v�e�n�e�s�s� 

�I�N� �T�H�I�S� �C�O�N�D�I�T�I�O�N�,� �Y�O�U� �W�I�L�L� �B�E� �R�E�Q�U�I�R�E�D� �T�O� �P�O�S�E� �A� 
�N�U�M�B�E�R� �O�F� �P�O�S�I�T�I�V�E� �A�N�D� �N�E�G�A�T�I�V�E� �E�M�O�T�I�O�N�A�L� �F�A�C�E�S�.� �A�T�T�E�M�P�T� �T�O� 
�M�A�K�E� �E�A�C�H� �F�A�C�E� �A�S� �I�N�T�E�N�S�E�L�Y� �A�N�D� �A�C�C�U�R�A�T�E�L�Y� �A�S� �P�O�S�S�I�B�L�E� �A�N�D� 
�H�O�L�D� �I�T� �F�O�R� �F�I�V�E� �S�E�C�O�N�D�S�.� �U�S�E� �O�N�L�Y� �Y�O�U�R� �F�A�C�E�,� �D�O� �N�O�T� 
�G�E�S�T�U�R�E� �O�R� �U�S�E� �Y�O�U�R� �H�A�N�D�S� �O�R� �A�R�M�S�.� �A� �C�O�M�M�A�N�D� �W�I�L�L� �I�N�F�O�R�M� 
�Y�O�U� �W�H�I�C�H� �F�A�C�E� �T�O� �M�A�K�E�.� �F�O�R� �E�X�A�M�P�L�E�,� �P�R�I�O�R� �T�O� �A� �H�A�P�P�Y� �F�A�C�E�,� 
�T�H�E� �C�O�M�M�A�N�D� �"�L�O�O�K� �H�A�P�P�Y�"� �W�I�L�L� �B�E� �P�R�E�S�E�N�T�E�D�.� �M�A�K�E� �T�H�E� �F�A�C�E� 
�I�M�M�E�D�I�A�T�E�L�Y� �A�F�T�E�R� �T�H�E� �C�O�M�M�A�N�D� �A�N�D� �H�O�L�D� �I�T� �F�O�R� �F�I�V�E� �S�E�C�O�N�D�S�.� 
�O�N�C�E� �Y�O�U� �H�A�V�E� �M�A�D�E� �T�H�E� �F�A�C�E�,� �H�O�L�D� �I�T� �A�S� �C�O�N�S�T�A�N�T� �A�S� �P�O�S�S�I�B�L�E� 
�U�N�T�I�L� �T�H�E� �E�X�P�E�R�I�M�E�N�T�E�R� �T�E�L�L�S� �Y�O�U� �T�O� �S�T�O�P�.� �A� �F�I�V�E� �S�E�C�O�N�D� 
�I�N�T�E�R�V�A�L� �W�I�L�L� �S�E�P�A�R�A�T�E� �E�A�C�H� �F�A�C�E�.� �Y�O�U� �W�I�L�L� �B�E� �A�S�K�E�D� �T�O� �M�A�K�E� 
�7� �D�I�F�F�E�R�E�N�T� �F�A�C�E�S� �T�W�O� �T�I�M�E�S� �E�A�C�H�.� �P�R�A�C�T�I�C�E� �T�R�I�A�L�S� �F�O�R� �E�A�C�H� 
�F�A�C�E� �W�I�L�L� �N�O�W� �B�E� �P�R�E�S�E�N�T�E�D�.� �Y�O�U� �W�I�L�L� �B�E� �I�N�F�O�R�M�E�D� �W�H�E�N� �T�H�E� 
�A�C�T�U�A�L� �E�X�P�E�R�I�M�E�N�T� �B�E�G�I�N�S�.� �A�N�Y� �Q�U�E�S�T�I�O�N�S�?



�1�1�4� 

�A�p�p�e�n�d�i�x� �H�,� �C�o�n�t�i�n�u�e�d� 

�P�r�a�c�t�i�c�e� �a�n�d� �E�x�p�e�r�i�m�e�n�t�a�l� �T�r�i�a�l�s� �F�o�r� �F�a�c�e�s� 

�P�r�a�c�t�i�c�e� �T�r�i�a�l�s� 

�1�.� �I�n�s�t�r�u�c�t� �t�h�e� �s�u�b�j�e�c�t� �t�o� �m�a�k�e� �e�a�c�h� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� 
�f�a�c�e�s�;� �h�a�p�p�y�,� �i�n�t�e�r�e�s�t�e�d�,� �s�a�d�,� �a�n�g�r�y�,� �d�i�s�g�u�s�t�e�d�,� �i�n�t�e�r�e�s�t�e�d� 
�a�n�d� �s�u�r�p�r�i�s�e�d�.� �T�h�e� �c�o�m�m�a�n�d�s� �a�r�e�,� �L�O�O�K� �H�A�P�P�Y�,� �L�O�O�K� 
�I�N�T�E�R�E�S�T�E�D�,� �L�O�O�K� �S�A�D�,� �L�O�O�K� �A�N�G�R�Y�,� �L�O�O�K� �D�I�S�G�U�S�T�E�D�,� �L�O�O�K� 
�I�N�T�E�R�E�S�T�E�D� �A�N�D� �L�O�O�K� �S�U�R�P�R�I�S�E�D�.� �A�l�l�o�w� �f�i�v�e� �s�e�c�o�n�d�s� �p�e�r� �f�a�c�e�.� 
�I�f� �t�h�e� �s�u�b�j�e�c�t� �d�o�e�s� �n�o�t� �h�o�l�d� �t�h�e� �f�a�c�e� �f�o�r� �f�i�v�e� �s�e�c�o�n�d�s�,� 
�r�e�m�i�n�d� �h�i�m� �t�o� �d�o� �s�o�.� 

�2�.� �F�o�l�l�o�w�i�n�g� �f�i�v�e� �s�e�c�o�n�d�s�,� �i�n�s�t�r�u�c�t� �t�h�e� �s�u�b�j�e�c�t� �t�o� �S�T�O�P�.� 

�3�.� �A�l�l�o�w� �f�i�v�e� �s�e�c�o�n�d�s� �b�e�t�w�e�e�n� �f�a�c�e�s� �a�n�d� �p�r�o�c�e�e�d� �w�i�t�h� �t�h�e� 
�n�e�x�t� �f�a�c�e�.� 

�4�.� �I�f� �t�h�e� �s�u�b�j�e�c�t� �i�s� �u�n�a�b�l�e� �t�o� �m�a�k�e� �a� �p�a�r�t�i�c�u�l�a�r� �f�a�c�e�,� 
�r�e�t�u�r�n� �t�o� �t�h�a�t� �f�a�c�e� �a�f�t�e�r� �a�l�l� �t�h�e� �p�r�a�c�t�i�c�e� �f�a�c�e�s� �h�a�v�e� �b�e�e�n� 
�c�o�m�p�l�e�t�e�d� �a�n�d� �r�e�p�e�a�t� �t�h�e� �p�r�a�c�t�i�c�e� �t�r�i�a�l�.� 

�5�.� �A�f�t�e�r� �t�h�e� �p�r�a�c�t�i�c�e� �t�r�i�a�l�s� �a�r�e� �c�o�m�p�l�e�t�e�d�,� �s�a�y� �T�H�E� 
�P�R�A�C�T�I�C�E� �T�R�I�A�L�S� �H�A�V�E� �E�N�D�E�D� �A�N�D� �T�H�E� �E�X�P�E�R�I�M�E�N�T� �W�I�L�L� �N�O�W� 
�B�E�G�I�N�.� �R�E�M�E�M�B�E�R�,� �M�A�K�E� �E�A�C�H� �F�A�C�E� �A�S� �I�N�T�E�N�S�E�L�Y� �A�N�D� �A�C�C�U�R�A�T�E�L�Y� 
�A�S� �P�O�S�S�I�B�L�E� �A�N�D� �H�O�L�D� �I�T� �F�O�R� �F�I�V�E� �S�E�C�O�N�D�S�.� �Y�O�U� �W�I�L�L� �M�A�K�E� 
�E�A�C�H� �F�A�C�E� �T�W�I�C�E�.� �A�N�Y� �Q�U�E�S�T�I�O�N�S�?� 

�E�x�p�e�r�i�m�e�n�t�a�l� �t�r�i�a�l�s� 
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�1�1�6� 

�A�p�p�e�n�d�i�x� �H�,� �C�o�n�t�i�n�u�e�d� 

�S�c�o�r�i�n�g� �C�r�i�t�e�r�i�a� �f�o�r� �F�a�c�i�a�l� �E�x�p�r�e�s�s�i�v�e�n�e�s�s� 

�W�h�i�c�h� �a�f�f�e�c�t�i�v�e� �f�a�c�e� �w�a�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �s�u�b�j�e�c�t�?� 

�1�.� �H�a�p�p�y� 
�2�.� �I�n�t�e�r�e�s�t�e�d� 
�3�.� �S�a�d� 
�4�.� �A�n�g�r�y� 
�5�.� �P�l�e�a�s�a�n�t� �s�u�r�p�r�i�s�e� 
�6�.� �D�i�s�g�u�s�t� 
�7�.� �F�e�a�r� 

�R�a�t�e� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �a�f�f�e�c�t�i�v�e� �f�a�c�e�:� 

�1�.� �N�o� �i�n�t�e�n�s�i�t�y�~�-�f�l�a�t� 
�2�.� �M�i�n�i�m�a�l�l�y� �i�n�t�e�n�s�e� 
�3�.� �S�o�m�e�w�h�a�t� �i�n�t�e�n�s�e� 
�4�.� �V�e�r�y� �i�n�t�e�n�s�e� 
�5�.� �E�x�t�r�e�m�e�l�y� �i�n�t�e�n�s�e



�1�1�7� 

�A�p�p�e�n�d�i�x� �I� 

�F�a�c�i�a�l� �S�c�o�r�i�n�g� �R�e�l�i�a�b�i�l�i�t�y� 

�R�e�l�i�a�b�i�l�i�t�y� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �t�w�o� �w�a�y�s�.� �F�i�r�s�t�,� 
�E�k�m�a�n�'�s� �P�i�c�t�u�r�e�s� �o�f� �F�a�c�i�a�l� �A�f�f�e�c�t� �w�e�r�e� �r�a�t�e�d� �b�y� �b�o�t�h� �r�a�t�e�r�s� 
�(�E�k�m�a�n� �&� �F�r�i�e�s�e�n�,� �1�9�7�6�)�.� �I�n� �t�h�e�s�e� �9�6� �s�l�i�d�e�s�,� �t�a�r�g�e�t�s� �p�o�s�e� 
�o�n�e� �o�f� �6� �f�a�c�i�a�l� �a�f�f�e�c�t�s�,� �e�i�t�h�e�r� �h�a�p�p�y�,� �s�a�d�,� �f�e�a�r�,� �a�n�g�e�r�,� 
�s�u�r�p�r�i�s�e� �o�r� �d�i�s�g�u�s�t�.� �E�a�c�h� �s�l�i�d�e� �w�a�s� �s�h�o�w�n� �f�o�r� �1�0� �s�e�c�o�n�d�s� 
�a�n�d� �r�a�t�e�r�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �s�e�l�e�c�t� �t�h�e� �o�n�e� �e�m�o�t�i�o�n� �t�h�a�t� 
�b�e�s�t� �d�e�s�c�r�i�b�e�d� �t�h�e� �e�x�p�r�e�s�s�e�d� �e�m�o�t�i�o�n�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� 
�t�h�a�t� �i�n�t�e�r�e�s�t�,� �a�n� �e�m�o�t�i�o�n� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�,� �i�s� 
�n�o�t� �i�n�c�l�u�d�e�d� �i�n� �E�k�m�a�n�'�s� �P�i�c�t�u�r�e�s� �o�f� �F�a�c�i�a�l� �A�f�f�e�c�t�.� 

�P�e�r�c�e�n�t� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �e�x�p�r�e�s�s�e�d� �e�m�o�t�i�o�n� �a�n�d� 
�i�n�t�e�r�r�a�t�e�r� �a�g�r�e�e�m�e�n�t� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� �E�a�c�h� �r�a�t�e�r� �w�a�s� �9�1�%� 
�a�c�c�u�r�a�t�e� �d�e�t�e�r�m�i�n�i�n�g� �w�h�i�c�h� �o�f� �t�h�e� �s�i�x� �a�f�f�e�c�t�s� �w�e�r�e� 
�e�x�p�r�e�s�s�e�d�.� �I�n�t�e�r�r�a�t�e�r� �a�g�r�e�e�m�e�n�t� �w�a�s� �8�1�%� �a�c�r�o�s�s� �a�l�l� �f�a�c�e�s�.� 

�R�e�l�i�a�b�i�l�i�t�i�e�s� �w�e�r�e� �a�l�s�o� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� �1�5� �p�i�l�o�t� 
�s�u�b�j�e�c�t�s� �r�u�n� �t�h�r�o�u�g�h� �t�h�e� �f�a�c�i�a�l� �e�x�p�r�e�s�s�i�o�n� �p�r�o�t�o�c�o�l�.� �T�o� 
�s�c�o�r�e� �t�h�e� �f�a�c�e�s�,� �r�a�t�e�r�s� �v�i�e�w�e�d� �t�h�e� �v�i�d�e�o�t�a�p�e�d� �r�e�c�o�r�d�i�n�g�s� �o�f� 
�t�h�e� �f�a�c�e�s� �t�o�g�e�t�h�e�r�.� �I�n� �t�a�n�d�e�m�,� �t�h�e�y� �s�e�l�e�c�t�e�d� �t�h�e� �m�o�s�t� 
�i�n�t�e�n�s�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �s�u�b�j�e�c�t� �a�n�d� �m�a�d�e� �t�h�e�i�r� �f�a�c�i�a�l� 
�j�u�d�g�m�e�n�t�s� �a�t� �t�h�a�t� �p�o�i�n�t�.� �W�h�e�n� �a� �q�u�e�s�t�i�o�n� �e�x�i�s�t�e�d� �a�s� �t�o� �t�h�e� 
�m�o�s�t� �i�n�t�e�n�s�e� �f�a�c�i�a�l� �e�x�p�r�e�s�s�i�o�n�,� �t�h�e� �s�e�n�i�o�r� �a�u�t�h�o�r� �(�G�J�D�)� 
�u�l�t�i�m�a�t�e�l�y� �m�a�d�e� �t�h�e� �d�e�c�i�s�i�o�n�.� �A�v�e�r�a�g�e� �i�n�t�e�r�r�a�t�e�r� �a�g�r�e�e�m�e�n�t� 
�f�o�r� �t�h�e� �a�f�f�e�c�t� �e�x�p�r�e�s�s�e�d� �a�c�r�o�s�s� �s�u�b�j�e�c�t�s� �w�a�s� �7�2�%� �(�S�D� �=� �1�7�%�,� 
�R�a�n�g�e�,� �4�3�%� �~� �1�0�0�%�)�.� �I�n�t�e�r�r�a�t�e�r� �r�e�l�i�a�b�i�l�i�t�y�,� �c�a�l�c�u�l�a�t�e�d� �v�i�a� 
�a� �s�i�m�p�l�e� �c�o�r�r�e�l�a�t�i�o�n�,� �f�o�r� �a�c�c�u�r�a�c�y� �r�a�t�i�n�g�s� �a�c�r�o�s�s� �s�u�b�j�e�c�t�s� 
�w�a�s� �r� �=� �.�7�6�,� �w�h�e�r�e�a�s� �r�e�l�i�a�b�i�l�i�t�y� �f�o�r� �t�h�e� �i�n�t�e�n�s�i�t�y� �r�a�t�i�n�g�s� 
�w�a�s� �r� �=� �.�8�5�.� �T�h�o�u�g�h� �t�h�e�s�e� �l�e�v�e�l�s� �m�a�y� �a�p�p�e�a�r� �s�o�m�e�w�h�a�t� �l�o�w�,� 
�t�h�e� �t�a�s�k� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �e�n�s�u�r�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e�s�e� �n�o�n�-� 
�i�m�p�a�i�r�e�d� �s�u�b�j�e�c�t�s�'� �p�e�r�f�o�r�m�a�n�c�e�s�.� �I�n�t�e�r�r�a�t�e�r� �a�g�r�e�e�m�e�n�t� 
�s�c�o�r�e�s� �a�r�e� �t�h�u�s� �d�i�m�i�n�i�s�h�e�d� �w�i�t�h� �s�u�b�j�e�c�t�s� �w�h�o� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t� 
�d�i�f�f�i�c�u�l�t�y� �w�i�t�h� �t�h�i�s� �t�a�s�k�,� �t�h�o�u�g�h� �t�h�i�s� �i�s� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �o�f� 
�i�n�t�e�r�e�s�t�.



�1�1�8� 

�A�p�p�e�n�d�i�x� �J� 

�T�r�a�i�l� �M�a�k�i�n�g� �T�e�s�t�s� 

�T�r�a�i�l�s� �A�:� �P�r�a�c�t�i�c�e� 

�O�N� �T�H�I�S� �P�A�G�E� �A�R�E� �S�O�M�E� �N�U�M�B�E�R�S�.� �B�E�G�I�N� �A�T� �N�U�M�B�E�R� �O�N�E� 
�[�p�o�i�n�t� �t�o� �n�u�m�b�e�r� �1�]� �A�N�D� �D�R�A�W� �A� �L�I�N�E� �F�R�O�M� �O�N�E� �T�O� �T�W�O� �[�p�o�i�n�t� 
�t�o� �2�]�,� �T�W�O� �T�O� �T�H�R�E�E� �[�p�o�i�n�t� �t�o� �3�]�,� �T�H�R�E�E� �T�O� �F�O�U�R� �[�p�o�i�n�t� �t�o� 
�4�}�,� �A�N�D� �S�O� �O�N� �I�N� �O�R�D�E�R� �U�N�T�I�L� �Y�O�U� �R�E�A�C�H� �T�H�E� �E�N�D� �[�p�o�i�n�t� �t�o� �t�h�e� 
�c�i�r�c�l�e� �m�a�r�k�e�d� �E�N�D�]�.� �D�R�A�W� �T�H�E� �L�I�N�E�S� �A�S� �F�A�S�T� �A�S� �Y�O�U� �C�A�N�,� �D�O� 
�N�O�T� �L�I�F�T� �T�H�E� �P�E�N�C�I�L� �F�R�O�M� �T�H�E� �P�A�P�E�R�.� �R�E�A�D�Y�?� �B�E�G�I�N� 

�I�f� �t�h�e� �s�u�b�j�e�c�t� �c�o�m�p�e�t�e�s� �t�h�e� �s�a�m�p�l�e� �c�o�r�r�e�c�t�l�y�,� �c�o�n�t�i�n�u�e� 
�w�i�t�h� �P�a�r�t� �A�.� �I�f� �n�o�t�,� �r�e�p�e�a�t� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s�.� 

�T�r�a�i�l�s� �A�:� �P�a�r�t� �A� 

�O�N� �T�H�I�S� �P�A�G�E� �A�R�E� �N�U�M�B�E�R�S� �F�R�O�M� �O�N�E� �T�O� �T�W�E�N�T�Y�-�F�I�V�E�.� �D�O� 
�T�H�I�S� �T�H�E� �S�A�M�E� �W�A�Y�.� �B�E�G�I�N� �A�T� �N�U�M�B�E�R� �O�N�E� �[�p�o�i�n�t�]�,� �A�N�D� �D�R�A�W� �A� 
�L�I�N�E� �F�R�O�M� �O�N�E� �T�O� �T�W�O� �[�p�o�i�n�t� �t�o� �2�]�,� �T�W�O� �T�O� �T�H�R�E�E� �(�p�o�i�n�t� �t�o� 
�3�)�,� �T�H�R�E�E� �T�O� �F�O�U�R� �(�p�o�i�n�t� �t�o� �4�)�,� �A�N�D� �S�O� �O�N� �I�N� �O�R�D�E�R� �U�N�T�I�L� �Y�O�U� 
�R�E�A�C�H� �T�H�E� �E�N�D� �(�p�o�i�n�t�)�.� �R�E�M�E�M�B�E�R�,� �W�O�R�K� �A�S� �F�A�S�T� �A�S� �Y�O�U� �C�A�N�.� 
�R�E�A�D�Y�?� �B�E�G�I�N�.� 

�B�e�g�i�n� �t�i�m�i�n�g� �a�s� �s�o�o�n� �a�s� �t�h�e� �s�u�b�j�e�c�t� �s�t�a�r�t�s� �a�t�t�e�n�d�i�n�g� �t�o� 
�t�h�e� �t�a�s�k�.� �I�f� �a�n� �e�r�r�o�r� �i�s� �m�a�d�e�,� �i�m�m�e�d�i�a�t�e�l�y� �c�a�l�l� �i�t� �t�o� �h�i�s� 
�a�t�t�e�n�t�i�o�n� �a�n�d� �h�a�v�e� �h�i�m� �p�u�t� �h�i�s� �p�e�n�c�i�l� �b�a�c�k� �t�o� �t�h�e� �p�o�i�n�t� 
�p�r�e�c�e�d�i�n�g� �t�h�e� �m�i�s�t�a�k�e�.� �I�n�s�t�r�u�c�t� �h�i�m� �t�o� �t�h�e�n� �c�o�n�t�i�n�u�e�.� �W�h�e�n� 
�t�h�e� �t�a�s�k� �i�s� �c�o�m�p�l�e�t�e�d�,� �r�e�c�o�r�d� �t�h�e� �t�i�m�e� �i�n� �s�e�c�o�n�d�s� �a�n�d� �t�h�e� 
�n�u�m�b�e�r� �o�f� �e�r�r�o�r�s� �i�n� �p�a�r�e�n�t�h�e�s�e�s�.� 

�T�r�a�i�l�s� �B�:� �P�r�a�c�t�i�c�e� 

�O�N� �T�H�I�S� �P�A�G�E� �A�R�E� �S�O�M�E� �N�U�M�B�E�R�S� �A�N�D� �L�E�T�T�E�R�S�.� �B�E�G�I�N� �A�T� 
�N�U�M�B�E�R� �O�N�E� �(�p�o�i�n�t�)� �A�N�D� �D�R�A�W� �A� �L�I�N�E� �F�R�O�M� �O�N�E� �T�O� �A� �(�p�o�i�n�t� �t�o� 
�A�)�,� �A� �T�O� �T�W�O� �(�p�o�i�n�t� �t�o� �2�)�,� �T�W�O� �T�O� �B� �(�p�o�i�n�t� �t�o� �B�)�,� �B� �T�O� �T�H�R�E�E� 
�(�p�o�i�n�t� �t�o� �3�)�,� �T�H�R�E�E� �T�O� �C� �(�p�o�i�n�t� �t�o� �C�)�,� �A�N�D� �S�O� �O�N� �I�N� �O�R�D�E�R� 
�U�N�T�I�L� �Y�O�U� �R�E�A�C�H� �T�H�E� �E�N�D� �(�p�o�i�n�t� �t�o� �c�i�r�c�l�e� �m�a�r�k�e�d� �E�N�D�)�.� 
�R�E�M�E�M�B�E�R�,� �F�I�R�S�T� �Y�O�U� �H�A�V�E� �A� �N�U�M�B�E�R� �(�p�o�i�n�t� �t�o� �1�)� �T�H�E�N� �A� �L�E�T�T�E�R� 
�(�p�o�i�n�t� �t�o� �A�)�,� �T�H�E�N� �A� �N�U�M�B�E�R� �(�p�o�i�n�t� �t�o� �2�)� �T�H�E�N� �A� �L�E�T�T�E�R� 
�(�p�o�i�n�t� �t�o� �B�)� �A�N�D� �S�O� �O�N�.� �D�R�A�W� �T�H�E� �L�I�N�E�S� �A�S� �F�A�S�T� �A�S� �Y�O�U� �C�A�N�.� 
�R�E�A�D�Y�?� �B�E�G�I�N�.� 

�I�f� �t�h�e� �s�u�b�j�e�c�t� �c�o�m�p�l�e�t�e�s� �t�h�e� �s�a�m�p�l�e� �c�o�r�r�e�c�t�l�y�,� �c�o�n�t�i�n�u�e� 
�w�i�t�h� �P�a�r�t� �B�.� �I�f� �n�o�t�,� �p�r�o�c�e�e�d� �a�s� �i�n�s�t�r�u�c�t�e�d� �i�n� �P�a�r�t� �A�.


