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EFFECTS OF STIMULUS CLASS ON SHORT-TERM MEMORY WORKLOAD 

IN COMPLEX INFORMATION DISPLAY FORMATS 

by 

Kay Chuan Tan 

Robert J. Beaton, Chairperson 

(ABSTRACT) 

The objective of this research effort was to identify opportunities and demonstrate methods 

to reduce aircraft crew member cognitive workload (CWL) by reducing short-term memory 

(STM) demand. Two experiments qualitatively and quantitatively compared memory 

loading as a function of stimulus class. Experiment 1 employed a dual-task paradigm 

where the primary task was compensatory tracking used to load STM and the secondary 

task was item recognition using the Sternberg paradigm. Experiment 2 employed a single- 

task paradigm using a modified version of the Sternberg task. Digits, letters, colors, 

words, and geometrical shapes were tested as memory-set (MSET) items in the Sternberg 

task. Recognition latency and error rate served as objective measures of STM performance 

while the Subjective Workload Assessment Technique (SWAT) was employed as a 

Subjective second measure. Root Mean Square error was used to gauge tracking 

performance. 

Analyses of the experiments’ results revealed that recognition latency and SWAT ratings 

Statistically varied as functions of stimulus class, MSET size, and the interaction between 

stimulus class and MSET size. Error rate was not statistically different across stimulus 

class or MSET size. Post-hoc analyses found SWAT to be a more sensitive STM 

measurement instrument than recognition latency or error rate. ‘No statistically significant 

degree of secondary task intrusion on the tracking task was found.



In addition to the commonly used classes of digits and letters, this research demonstrated 

that colors, words, and geometrical shapes could also be utilized as MSET items in short- 

term memory workload investigations. This research has, more importantly, provided 

further support for the vital link between STM demand and perceived workload. 

The main conclusion of this research is that stimulus class optimization can be a feasible 

method for reducing STM demand. Differences in processing rate among stimulus classes 

are large enough to impact visual display design. For many context-specific applications, it 

should be possible to determine the most efficient stimulus class in which to portray the 

needed information. The findings of this research are especially applicable in situations of 

elevated STM demand (e.g., aviation systems operations). In general, however, the results 

provide helpful information for visual display designers.
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INTRODUCTION 

Recent decades have witnessed tremendous technological strides in the aviation 

community. With increasingly sophisticated flight systems technologies, the performance 

envelopes of the aircraft as well as the crew members who fly them are being pushed to and 

beyond what was thought unattainable only a few years ago. Given crew members’ 

behavioral and cognitive limitations, coupled with an acute emphasis on flight safety, it is 

not surprising that human factors engineering plays a crucial role in aviation systems design 

and operation. Human factors engineering involvement in various aviation research and 

development issues include the following (Wiener and Nagel, 1988): 

1. Systems safety at the cockpit crew member interface; 

Flight performance and interaction among crew members; 

Human error in aviation systems operation; 

Software interface and crew station design; 

Cockpit and flight automation; and 

Nn
 

Wo 
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WN 

Crew member cognitive workload. 

The above areas of concern are linked together integrally. For example, cockpit 

automation cannot be implemented without assessing the impact on crew member 

workload. Also, the safety of crew members and their ability to interrupt and regain flight 

control in case of equipment malfunction are critical. Interface design issues must also be 

considered for the displays and controls in the cockpit. 

Given the continuing advances of electronic technologies, higher degrees of automation 

and expert assistance will prevail and expand in aircraft applications. Thus, crew members 

increasingly will be relegated to roles as flight programmers, monitors, decision makers,



and systems managers. Such role transformations from manual piloting to flight 

information processing places increasing demands on the higher-order cognitive processes. 

Two research areas in human performance have particular relevance in this regard: human 

memory and cognitive workload. The current research work focuses on practical display 

system design stemming from these two scientific areas. 

Focus of this Research 

Human memory mechanisms are important to crew station design since operators are 

limited capacity and bandwidth information processors. In particular, dynamic flight and 

status information is stored, cognitively evaluated, and retrieved in short-term memory. 

Excessive cognitive workload may result from information processing demands that exceed 

short-term memory capacity and, hence, degrade crew members’ task efficiency 

(Kuperman and Wilson, 1986). 

The framework of this research involves aircraft crew member cognitive workload 

(CWL) associated with tasks involving short-term memory (STM) processes. The aim is 

to identify and demonstrate opportunities to reduce crew member workload by reducing 

STM demand. As a prior experiment related to the current work, Reinhart, Glynn, Dye, 

Takahama, and Snyder (1988) provided experimental groundwork and validation for the 

use of STM concepts in the design of workload-reducing crew station information 

management technologies. They provided the following list of viable strategies for 

reducing STM workload demand: 

1. Grouping and the hierarchical organization of information classes; 

Elimination of distractor tasks and the use of redundant visual cuing; 

Release from proactive interference; 

-_ 
Ww
 

WN 

Use of rehearsal strategies;



5. Multiple input, process, and output channels; and 

6. Optimization of stimulus class. 

Specific issues to be addressed. This research focuses on the optimization of stimulus 

class attributes (i.e., Strategy 6). Specifically, the feasibility of using stimulus class (i.e., 

digits, letters, colors, words, and shapes) as an information portrayal variable for reducing 

STM workload demands was examined. To elaborate, psychologists have demonstrated 

that the STM concepts of scanning time and memory span vary as functions of stimulus 

class (Cavanagh, 1972; Sternberg, 1975). For example, digits are stored in STM easily 

and, thus, humans have a larger memory span for this stimulus class than for shapes. The 

time needed to scan a digit also is shorter than the time to scan a shape. Given the variety 

of ways to present information by manipulating stimulus class, this research addressed the 

following issues. First, what numerical differences in scanning times and memory spans 

are associated with various stimulus classes? Second, what quantitative differences do 

these memory loadings incur in terms of cognitive workload? Third, what STM-related 

constraints and limitations are involved in using stimulus class as an information 

optimization technique? 

The three issues above embody the general concern of differential processing 

efficiency. The ultimate worth of this research would be measured through a set of display 

formatting recommendations that can be generated as a result. However, note that 

recommendations can be justified in economic terms only if the differential processing 

efficiencies are large enough such that they may be practicably engineered into display 

design. 

The separate scientific literatures on STM and cognitive workload are reviewed below 

to demonstrate the vital link between these two information processing concepts. Two



experiments that investigated the feasibility of using stimulus class as an information 

portrayal variable for reducing STM demands are presented next. And, finally, 

conclusions bearing on the design of information displays are offered.



SHORT-TERM MEMORY AND WORKING MEMORY 

The Capacity Issue 

Short-term memory and working memory (WM) are theoretical constructs defined in 

terms of storage and processing capacities, respectively. Klatzky (1980) analogized them 

to the space available on a carpenter's workbench. The space may be used for work (i.e., 

WM) or storage (1.e., STM). Allocation of resources to one memory process reduces the 

available STM space for the other process. STM and WM often are limiting variables in the 

human operation of aviation systems. 

The limited capacity of STM essentially sets an upper limit on the amount of flight and 

mission information that crew members can retain during any moment. Over time, this 

information must be rehearsed or processed by the individual to avoid interference and 

decay. This issue is critically important because operations that encroach upon memory 

limitations should be avoided. Additionally, while it is generally accepted that 7+2 

unrelated units (or chunks) of information can be stored in STM (Miller, 1956), it is 

unclear as to exactly the quantity of information that constitutes one chunk. Recall that a 

chunk of information is based on a rule or correspondence among items that result in a 

familiar pattern. A chunk, therefore, may be a digit, word, or piece of flight data. Because 

the size of a chunk itself is indeterminate, it is difficult to convert the capacity concept into a 

memory loading metric. 

To apply STM concepts to the design of information displays, it 1s constructive to 

approach STM from the perspective of efficiency instead of capacity. For example, the 

exploitation of chunking strategies (e.g., parsing, associating with information held in 

long-term memory, or capitalizing on familiarity) are considered efficiency issues because 

the objective is to demand less of STM resources while processing a larger quantity of



information per unit time. In the high CWL scenarios of military operations, STM 

efficiency is a critical issue affecting successful task completion. 

The Efficiency Issue 

Sternberg (1969) showed that the rate at which STM items are processed or scanned in 

a choice reaction time task varies as a function of stimulus class. Within a stimulus class, 

processing time generally increases as a linear function of the number of items to be 

processed. For example, Sternberg (1966) found that it took 38 ms to process each 

additional digit held in STM. Since that classic work, other psychologists have 

manipulated a variety of stimulus classes using the Sternberg paradigm. This paradigm 

involves the presentation of a series of items known as a memory-set (MSET). Following 

presentation of the MSET items, a probe or target item is shown to the observer who 

indicates whether it was one of the MSET items. Items used in an MSET usually are 

drawn from a single stimulus class, such as visual and auditory digits and letters, familiar 

shapes, colors, words of various lengths, pictures of common objects, and phonemes 

(Sternberg, 1975). 

Stimulus class processing rate. Klatzky, Joula, and Atkinson (1971) utilized the 

Sternberg paradigm to measure processing rate differences between letters and animal 

pictures. A variety of testing conditions were manipulated, but we consider only the 

condition that included exclusively letters or exclusively picture items. Klatzky et al. 

reported processing rates of 44.3 ms and 72.7 ms for letters and pictures, respectively. In 

another study, Burrows and Okada (1971) tested digits that were presented either in a fast 

condition (MSET items shown for 500 ms each) or a slow condition (MSET items shown 

for 1200 ms each). Processing rates of 23.7 ms and 30.1 ms were obtained for the slow 

and fast conditions, respectively.



Cavanagh (1972) compiled data from 32 experiments that investigated processing rate 

using the Sternberg paradigm. Additionally, data from 13 other studies that measured 

memory spans were also reviewed. The data from both indices showed a highly correlated 

linear relationship between processing rate and the reciprocal of memory span (see Figure 

1). Cavanagh found that the faster the processing rate for a stimulus class, the larger its 

memory span. The class of digits, in particular, exhibited the fastest processing rate and 

also the largest memory span. Digits, therefore, may be classified as the “most efficient” 

stimulus class in comparison to letters, colors, words, and geometrical shapes. 

Inspection of Figure 1 suggest a remarkably simple relationship between stimulus class 

and processing rate that has potential application in crew station display design. For 

example, crew members are presented with various classes of stimulus information -- flight 

and systems status information depicted as words, shapes, letters, and digits. One possible 

strategy for optimizing the processing of such information is to use the stimulus class 

which incurs the shortest processing time if the information readily lends itself to portrayal 

using this class and if class translation is not required. For example, if the only 

requirement is to differentiate ground objects from air objects, Figure 1 suggest that colors, 

as opposed to iconic or verbal representations, should be used. Actually, practical 

recommendations are not as straightforward since stimulus class optimization is a much 

more complicated matter. 

Note that Cavanagh’s (1972) conclusions cannot be viewed as sufficient evidence for 

the STM differential processing efficiency concept due to several reasons. First, 

procedures varied widely in the studies reported. For example, Brener's (1940) stimuli 

were ink-drawn on 7.5 cm x 12.25 cm notecards presented manually for 2 s each, while 

Joula and Atkinson (1971) utilized tachistoscopic stimuli and had subjects memorize the 

MSET items by repeating them out loud. This difference could have affected encoding
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strength and, consequently, recognition latency. Second, Cavanagh did not differentiate 

between studies that used fixed MSETs (same MSET items across trials) and those that 

used varied MSETs (different MSET items across trials). Because the former condition has 

been shown to result in a faster processing rate than the latter condition (Egeth and Smith, 

1967; Smith, 1967), Cavanagh’s conclusions may have been contaminated. Third, 

Cavanagh analyzed processing rate data derived from the first two sessions of each study 

only. This approach potentially is damaging because one is left without knowledge of how 

practice might have interacted with the experimental effects. As we shall now see, practice 

effects -- which relate to the notion of automatic versus controlled processing -- in 

recognition time experiments can substantially alter processing time especially across 

MSET size. 

Automatic and controlled processes affecting processing rate. Schneider and Shiffrin 

(1977) had subjects process sets of letters or digits using a methodology similar to the 

Sternberg paradigm. First, one, two, or four MSET items were committed to memory. 

Then, a series of frames also containing one, two, or four items was shown to subjects. 

These frames were presented for specific durations ranging from 40 ms to 800 ms. Two 

experimental conditions were employed. In the consistent mapping (CM) condition, MSET 

and frame items were drawn from different stimulus classes. In the varied mapping (VM) 

condition, MSET and frame items were from the same stimulus class. Items that were part 

of both the memory and frame sets were called targets while frame items not part of the 

MSET were called distractors. The authors found that in the VM condition, accuracy 

performance was strongly affected by increases in MSET and frame sizes. In the CM 

condition, however, accuracy was unaffected by MSET and frame sizes. In other words, 

response time was not affected by the number of target or distractor items presented when 

they belonged to different stimulus classes. The term automatic processing was used to
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describe this fast, parallel, and apparently effortless STM process. In contrast, response 

time increased with the number of target and distractor items when they belonged to the 

same stimulus class. The term controlled processing was used to characterize this slow, 

serial, and effortful STM process. 

In a follow-up study, Shiffrin and Schneider (1977) employed a hybrid of the VM and 

CM conditions. Only letters were used, but MSET letters were different from frame letters. 

The authors found that after extensive practice (more than 2000 trials), performance in this 

condition gradually improved to match performance in the CM condition of the Schneider 

and Shiffrin (1977) study. Subjects responded equally fast to the frame items whether the 

MSET size was one or four. 

To generalize Shiffrin and Schneider’s (1977) findings, the processing rate relationship 

shown in Figure 1 may be different if different amounts of practice were associated with 

each stimulus class. Also, if one concurs with the statement that practice has a differential 

effects on different stimulus classes, then it becomes difficult to accept Figure 1 at face 

value. In other words, how stable are the processing rate and memory span differences? 

Individual differences affecting processing rate. Figure 1 shows that the standard 

deviation of the mean for all stimulus classes is large enough such that there is a great deal 

of overlap. These variations may be due to several reasons. First, they be due to the slight 

methodological differences of the various studies reported. If this is the case, the general 

between stimulus class relationship would still hold. Second, the variations may reflect 

actual individual differences in which case the general relationship is nonexistent at least for 

a heterogeneous population with different levels of STM ability. 

To utilize stimulus class as an information optimization technique, the source of the 

variation must be identified. A means towards this end would be to test different stimulus
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classes in the same experiment, thereby achieving control over all experimental and 

extraneous variables. Brown and Kirsner (1980) did just that. These authors replicated 

Cavanagh’s (1972) findings for the stimulus classes of letters, digits, words, and nonsense 

syllables. Their results are depicted as part of Figure 2. 

As Figure 2 shows, both studies reported the same general relationship. Brown and 

Kirsner (1980) reported that the superior processing rates of their study was probably due 

to the greater amounts of practice given to their subjects. Again, however, wide variations 

in processing rates were found. The authors, therefore, decided to analyze the data for 

individual differences -- subjects were drawn from the undergraduate population of a local 

university and included 14 females and 17 males aged between 18 and 27 years. The 

authors reported, “The [slope] functions for the individual subjects, however, bore little 

resemblance to the group functions, even among those subjects with high correlations 

between [memory] span and processing rate” (p. 182). 

Other factors affecting processing rate. In addition to the practice or familiarity effect, a 

number of other variables also affect processing rate. For example, Lachman, Lachman, 

and Butterfield (1979) examined the tradeoff between processing rate and accuracy. They 

argue that processing rates have to be interpreted with respect to the level of accuracy 

achieved. In the case of Sternberg’s (1975) results, the authors wrote, “People would have 

to have exactly zero errors at the minimum reaction time in order for Sternberg to infer the 

precise rate of memory scanning” (p. 163). 

Another factor shown to influence processing rate is the serial position of the target item 

in the MSET. An experiment by Sternberg (1967) demonstrated this effect. Sternberg had 

subjects memorize from three to seven digits presented serially. He found that the time it 

took to respond correctly to the probe item varied as a linear function of the probe’s
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position in the memorized list. A similar serial position effect was also reported by 

Burrows and Okada (1971). 

Thus far, the discussion has been limited to the manipulation of experimental variables 

(presentation rate, practice effects, etc.) and how these variables alter the sumulus class 

processing rate relationship shown in Figures 1 and 2. It is probably safe to say that these 

phenomena are largely confined to the laboratory environment. For example, the 

processing of stimulus class information in military target search and acquisition operations 

can hardly be considered purely automatic; neither are they purely controlled. The 

emphasis on recognition accuracy and target serial position would likely be constant across 

different stimulus classes used in information displays. No mention has been made of how 

stimulus class items are processed in STM. Two models, in particular, are highly relevant 

when considering stimulus class structural differences -- Baddeley’s working memory 

model and Wickens multiple resource theory. These models are discussed next. 

Baddeley’'s Working Memory Model 

Using the term working memory, Baddeley and Hitch (1974) proposed a model to 

describe the functional role of STM in information processing. The model consists of a 

central processing unit or central executive serving a number of secondary slave systems. 

The visuo-spatial scratch pad (WSSP) subsystem is thought to be used for the rehearsal and 

processing of high imagery and spatial information, while the articulatory loop is 

conceptualized as a speech-based subsystem used for rehearsing subvocal or verbal 

material. A depiction of this model is shown in Figure 3. 

This model extends previous STM models to account for the differential effects of 

stimulus type on memory loading. In particular, it explains the following phenomena 

(Baddeley, 1984, Chap. 5):
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�a�t�t�e�m�p�t�s� �t�o� �e�x�p�l�a�i�n� �h�o�w� �e�f�f�i�c�i�e�n�t�l�y� �t�h�i�s� �m�a�y� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d�.� �T�o� �t�h�e� �e�x�t�e�n�t� �t�h�a�t� �b�o�t�h� �t�a�s�k�s� 

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

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

�i�n�c�r�e�a�s�e�d� �d�e�m�a�n�d�s� �f�r�o�m� �t�h�e� �o�t�h�e�r� �t�a�s�k� �(�W�i�c�k�e�n�s�,� �1�9�8�0�)�.� 

�A� �s�t�u�d�y� �b�y� �F�r�i�c�k� �(�1�9�8�4�)� �f�o�u�n�d� �e�v�i�d�e�n�c�e� �i�n� �s�u�p�p�o�r�t� �o�f� �t�h�i�s� �m�o�d�e�l� �w�h�e�n� �h�e� �a�t�t�e�m�p�t�e�d� �t�o� 

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

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

�a�n�d� �W�i�c�k�e�n�s� �(�1�9�8�4�)� �f�o�u�n�d� �t�h�a�t� �t�w�o� �t�a�s�k�s� �c�o�u�l�d� �b�e� �b�e�t�t�e�r� �t�i�m�e�-�s�h�a�r�e�d� �w�h�e�n� �r�e�s�p�o�n�s�e� 

�p�r�o�c�e�s�s�e�s� �w�e�r�e� �l�o�g�i�c�a�l�l�y� �a�l�l�o�c�a�t�e�d� �b�e�t�w�e�e�n� �m�o�t�o�r� �a�n�d� �s�p�e�e�c�h� �o�u�t�p�u�t�s� �t�h�a�n� �w�h�e�n� �o�n�l�y� �m�o�t�o�r
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�F�i�g�u�r�e� �4�.� �T�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �M�u�l�t�i�p�l�e� �R�e�s�o�u�r�c�e�s� �(�a�d�a�p�t�e�d� �f�r�o�m� �W�i�c�k�e�n�s�,� �1�9�8�4�a�)�.



�1�8� 

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

�p�a�r�a�l�l�e�l� �m�o�r�e� �e�f�f�i�c�i�e�n�t�l�y� �t�h�a�n� �t�w�o� �t�a�s�k�s� �u�s�i�n�g� �a� �c�o�m�m�o�n� �m�e�m�o�r�y� �s�y�s�t�e�m� �(�W�i�c�k�e�n�s�,� �1�9�8�9�)�.� 

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

�i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �d�e�s�i�g�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �d�i�s�p�l�a�y�s�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �e�l�e�v�a�t�e�d�-�C�W�L� �s�i�t�u�a�t�i�o�n�s�.� 

�B�o�t�h� �p�r�e�d�i�c�t� �t�i�m�e�-�s�h�a�r�i�n�g� �e�f�f�i�c�i�e�n�c�y� �f�o�r� �t�w�o� �o�r� �m�o�r�e� �S�T�M� �t�a�s�k�s� �p�e�r�f�o�r�m�e�d� �c�o�n�c�u�r�r�e�n�t�l�y�.� 

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

�s�h�a�r�i�n�g� �e�f�f�i�c�i�e�n�c�y� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �d�i�f�f�i�c�u�l�t�y�-�p�e�r�f�o�r�m�a�n�c�e� �t�r�a�d�e�o�f�f�s� �(�W�i�c�k�e�n�s�,� �1�9�8�9�)�.� 

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

�S�T�M� �t�a�s�k� �i�n�t�e�r�f�e�r�e�n�c�e�.� �W�i�c�k�e�n�s� �(�1�9�8�9�)� �c�i�t�e�d� �e�v�i�d�e�n�c�e� �o�f� �o�t�h�e�r� �r�e�s�o�u�r�c�e� �s�y�s�t�e�m�s� �s�u�c�h� �a�s� 

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

�p�e�r�i�p�h�e�r�a�l� �(�s�p�a�t�i�a�l� �o�r�i�e�n�t�a�t�i�o�n�)� �i�m�a�g�e�s�.� �B�a�d�d�e�l�e�y� �(�1�9�8�4�)� �w�r�o�t�e�,�  ��.�.�.�a�l�t�h�o�u�g�h� �I� �b�e�l�i�e�v�e� �w�e� 

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

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

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

�o�f� �e�v�i�d�e�n�c�e� �a�t� �p�r�e�s�e�n�t� �a�v�a�i�l�a�b�l�e �� �(�p�.� �1�4�4�)�.



�C�O�G�N�I�T�I�V�E� �W�O�R�K�L�O�A�D� 

�A�s� �i�n� �S�T�M� �w�o�r�k�,� �C�W�L� �r�e�s�e�a�r�c�h� �h�a�s� �r�e�c�e�i�v�e�d� �s�u�s�t�a�i�n�e�d� �a�t�t�e�n�t�i�o�n� �d�u�e� �t�o� �t�h�e� �s�h�i�f�t� �f�r�o�m� 

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

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

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

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

�p�u�r�p�o�s�e�s� �a�s� �(�1�)� �c�o�m�p�a�r�i�n�g� �d�e�s�i�g�n� �a�l�t�e�r�n�a�t�i�v�e�s� �i�n� �t�e�r�m�s� �o�f� �i�m�p�o�s�e�d� �w�o�r�k�l�o�a�d�,� �(�2�)� 

�d�e�t�e�r�m�i�n�i�n�g� �w�o�r�k�l�o�a�d� �c�r�i�t�e�r�i�a� �f�o�r� �f�l�i�g�h�t� �r�o�u�t�i�n�e�s�,� �(�3�)� �s�e�l�e�c�t�i�n�g� �c�r�e�w� �m�e�m�b�e�r�s� �a�c�c�o�r�d�i�n�g� �t�o� 

�t�h�e�i�r� �w�o�r�k�l�o�a�d� �c�a�p�a�c�i�t�i�e�s�,� �a�n�d� �(�4�)� �a�l�l�o�c�a�t�i�n�g� �t�a�s�k�s� �b�e�t�w�e�e�n� �c�r�e�w� �m�e�m�b�e�r�s� �a�n�d� �t�h�e� �a�i�r�c�r�a�f�t� 

�(�S�a�n�d�e�r�s� �a�n�d� �M�c�C�o�r�m�i�c�k�,� �1�9�8�7�)�.� 

�I�n� �a� �r�e�v�i�e�w� �o�f� �t�h�e� �m�a�j�o�r� �w�o�r�k�l�o�a�d� �c�o�n�f�e�r�e�n�c�e�s� �a�n�d� �r�e�p�o�r�t�s�,� �O�'�D�o�n�n�e�l�l� �a�n�d� �E�g�g�e�m�e�i�e�r� 

�(�1�9�8�6�)� �w�r�o�t�e� �t�h�a�t� �m�o�s�t� �C�W�L� �s�c�i�e�n�t�i�s�t�s� �f�o�l�l�o�w� �f�a�i�r�l�y� �w�e�l�l�-�d�e�f�i�n�e�d� �p�a�t�h�s� �i�n� �f�o�r�m�u�l�a�t�i�n�g� �a�n�d� 

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

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

�p�r�e�c�i�s�e� �a�n�d� �a�c�c�e�p�t�a�b�l�e� �m�o�d�e�l� �o�f� �t�h�e� �C�W�L� �t�h�e�o�r�e�t�i�c�a�l� �c�o�n�s�t�r�u�c�t� �s�t�i�l�l� �d�o�e�s� �n�o�t� �e�x�i�s�t� �(�R�e�i�d� �a�n�d� 

�N�y�g�r�e�n�,� �1�9�8�8�;� �b�u�t� �s�e�e� �M�e�s�h�k�a�t�i�,� �1�9�8�8�,� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t�s� �t�o�w�a�r�d�s� �a� �c�o�h�e�s�i�v�e� �m�o�d�e�l�)�.� 

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

�e�v�e�n� �m�o�r�e� �e�l�u�s�i�v�e�.� 

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

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

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

�r�e�s�p�o�n�s�e� �t�o� �c�h�a�n�g�e�s� �i�n� �C�W�L� �l�e�v�e�l� �(�W�i�e�r�w�i�l�l�e�,� �1�9�7�9�)�.� �T�h�e�r�e� �a�r�e� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�s� �w�h�o� 

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

�a�n�d� �o�u�t�p�u�t�s� �(�R�o�u�s�e�,� �1�9�7�9�)�.� �A�n�d�,� �c�o�n�t�r�o�l� �e�n�g�i�n�e�e�r�s� �t�r�a�c�e� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �a� �s�y�s�t�e�m� �a�n�d� 

�1�9



�2�0� 

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

�e�s�p�e�c�i�a�l�l�y� �f�o�r� �p�e�r�c�e�p�t�u�a�l�-�m�o�t�o�r� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �(�J�e�x� �a�n�d� �C�l�e�m�e�n�t�,� �1�9�7�9�)�.� �F�r�o�m� 

�t�h�e�s�e� �a�n�d� �o�t�h�e�r� �a�p�p�r�o�a�c�h�e�s�,� �f�o�u�r� �m�a�j�o�r� �c�a�t�e�g�o�r�i�e�s� �o�f� �C�W�L� �a�s�s�e�s�s�m�e�n�t� �t�e�c�h�n�i�q�u�e�s� �h�a�v�e� 

�e�v�o�l�v�e�d� �(�1�)� �p�h�y�s�i�o�l�o�g�i�c�a�l�-�b�a�s�e�d� �m�e�a�s�u�r�e�s�,� �(�2�)� �s�u�b�j�e�c�t�i�v�e�-�b�a�s�e�d� �m�e�a�s�u�r�e�s�,� �(�3�)� �p�r�i�m�a�r�y� 

�t�a�s�k�-�b�a�s�e�d� �m�e�a�s�u�r�e�s�,� �a�n�d� �(�4�)� �s�e�c�o�n�d�a�r�y� �t�a�s�k�-�b�a�s�e�d� �m�e�a�s�u�r�e�s�.� �E�a�c�h� �w�i�l�l� �b�e� �b�r�i�e�f�l�y� 

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

�C�o�g�n�i�t�i�v�e� �W�o�r�k�l�o�a�d� �A�s�s�e�s�s�m�e�n�t� �C�a�t�e�g�o�r�i�e�s� 

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

�s�u�m�m�a�r�i�z�e�d� �i�n� �t�h�e� �q�u�e�s�t�i�o�n�:� �W�h�a�t� �a�r�e� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �i�n�d�i�c�e�s� �t�h�a�t� �o�c�c�u�r� �i�n� �r�e�s�p�o�n�s�e� �t�o� 

�c�h�a�n�g�e�s� �i�n� �C�W�L� �l�e�v�e�l�?� �F�o�r� �e�x�a�m�p�l�e�,� �p�u�p�i�l�l�a�r�y� �d�i�l�a�t�i�o�n� �h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� �v�a�r�y� �a�s� �a� 

�f�u�n�c�t�i�o�n� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�g�i�t�s� �h�e�l�d� �i�n� �S�T�M� �(�B�e�a�t�t�y�,� �1�9�8�2�)�,� �w�h�i�l�e� �s�i�n�u�s� �a�r�r�y�t�h�m�i�a� 

�(�s�p�e�c�i�f�i�c�a�l�l�y�,� �t�h�e� �0�.�1�0� �H�z� �c�o�m�p�o�n�e�n�t�)� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �d�e�c�r�e�a�s�e� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �a�s� �m�o�r�e� 

�l�e�t�t�e�r�s� �w�e�r�e� �h�e�l�d� �i�n� �S�T�M� �(�A�a�s�m�a�n�,� �M�u�l�d�e�r�,� �a�n�d� �M�u�l�d�e�r�,� �1�9�8�7�)�.� �T�h�i�r�t�e�e�n� �o�f� �t�h�e� �m�o�r�e� 

�c�o�m�m�o�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �i�n�d�i�c�e�s� �u�s�e�d� �i�n� �C�W�L� �r�e�s�e�a�r�c�h� �i�n�c�l�u�d�e� �g�a�l�v�a�n�i�c� �s�k�i�n� �r�e�s�p�o�n�s�e�,� 

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

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

�e�l�e�c�t�r�o�c�a�r�d�i�o�g�r�a�m�,� �e�l�e�c�t�r�o�m�y�e�l�o�g�r�a�m�,� �a�n�d� �e�l�e�c�t�r�o�e�n�c�e�p�h�a�l�o�g�r�a�m� �(�W�i�e�r�w�i�l�l�e�,� �1�9�7�9�)�.� �I�n� 

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

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

�t�e�m�p�e�r�a�t�u�r�e� �(�s�e�e� �c�i�t�a�t�i�o�n�s� �b�y� �M�e�s�h�k�a�t�i� �a�n�d� �L�o�e�w�e�n�t�h�a�l�,� �1�9�8�8�)�.� 

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

�t�e�c�h�n�i�q�u�e� �i�s� �u�n�a�b�l�e� �t�o� �p�r�o�v�i�d�e� �a�n� �a�d�e�q�u�a�t�e� �o�v�e�r�a�l�l� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �(�O �� �D�o�n�n�e�l�l� �a�n�d� 

�E�g�g�e�m�e�i�e�r�,� �1�9�8�6�)�.� �M�a�n�y� �p�h�y�s�i�o�l�o�g�i�c�a�l� �t�e�c�h�n�i�q�u�e�s� �s�u�f�f�e�r� �f�r�o�m� �t�h�e� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� 

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



�2�1� 

�D�e�s�p�i�t�e� �t�h�i�s� �l�i�m�i�t�a�t�i�o�n�,� �W�i�l�s�o�n� �a�n�d� �O �� �D�o�n�n�e�l�l� �(�1�9�8�8�)� �h�a�v�e� �s�u�c�c�e�s�s�f�u�l�l�y� �d�e�v�e�l�o�p�e�d� �a� 

�N�e�u�r�o�p�s�y�c�h�o�l�o�g�i�c�a�l� �W�o�r�k�l�o�a�d� �T�e�s�t� �B�a�t�t�e�r�y� �(�N�W�T�B�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�u�t�h�o�r�s�,� �t�h�e� 

�N�W�T�B� �w�a�s� �d�e�r�i�v�e�d� �f�r�o�m� �a�n� �a�g�g�r�e�g�a�t�e� �o�f� �s�e�v�e�r�a�l� �e�x�t�a�n�t� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �i�t� �c�a�n� �d�i�f�f�e�r�e�n�t�i�a�t�e� 

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

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

�d�i�f�f�e�r�e�n�t� �C�W�L� �q�u�e�s�t�i�o�n�s�.� 

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

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

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

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

�i�n�t�r�u�s�i�v�e� �a�n�d� �t�h�e�y� �a�f�f�o�r�d� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �f�a�c�e� �v�a�l�i�d�i�t�y�.� �O ��D�o�n�n�e�l�l� �a�n�d� �E�g�g�e�m�e�i�e�r� �(�1�9�8�6�)� 

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

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

�c�a�n� �b�e� �a�c�c�u�r�a�t�e�l�y� �r�e�p�o�r�t�e�d� �b�y� �t�h�e� �s�u�b�j�e�c�t �� �(�p�.� �4�2�.�7�)�.� 

�H�a�r�t� �a�n�d� �W�i�c�k�e�n�s� �(�1�9�9�0�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �q�u�e�s�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �a�n�s�w�e�r�e�d� �i�n� 

�s�e�l�e�c�t�i�n�g� �t�h�e� �s�u�b�j�e�c�t�i�v�e� �t�e�c�h�n�i�q�u�e�(�s�)� �t�o� �b�e� �u�s�e�d� �(�1�)� �t�h�e� �f�o�c�u�s� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�,� �(�2�)� 

�t�h�e� �g�r�a�i�n� �o�f� �a�n�a�l�y�s�i�s� �r�e�q�u�i�r�e�d�,� �(�3�)� �t�h�e� �p�r�o�b�a�b�l�e� �l�e�v�e�l� �a�n�d� �s�o�u�r�c�e�s� �o�r� �w�o�r�k�l�o�a�d�,� �(�4�)� �t�h�e� 

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

�r�e�s�e�a�r�c�h� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �a�u�t�h�o�r�s� �c�a�t�e�g�o�r�i�z�e�d� �s�u�b�j�e�c�t�i�v�e� �a�s�s�e�s�s�m�e�n�t� �t�e�c�h�n�i�q�u�e�s� �a�s� �u�n�i�-� 

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

�C�o�p�p�e�r� �H�a�r�p�e�r�,� �B�e�d�f�o�r�d�)�,� �o�r� �m�u�l�t�i�-�d�i�m�e�n�s�i�o�n�a�l� �(�e�.�g�.�,� �N�A�S�A�-�T�a�s�k� �L�o�a�d� �I�n�d�e�x� �[�N�A�S�A�-� 

�T�L�X�]�,� �S�u�b�j�e�c�t�i�v�e� �W�o�r�k�l�o�a�d� �A�s�s�e�s�s�m�e�n�t� �T�e�c�h�n�i�q�u�e� �[�S�W�A�T�]�)�.� �W�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� 

�S�T�M�/�C�W�L� �r�e�s�e�a�r�c�h�,� �m�u�l�t�i�-�d�i�m�e�n�s�i�o�n�a�l� �t�e�c�h�n�i�q�u�e�s� �h�a�v�e� �b�e�e�n� �w�i�d�e�l�y� �t�e�s�t�e�d� �a�n�d� �f�o�u�n�d� �t�o� �b�e� 

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

�a�p�p�l�i�c�a�t�i�o�n�s�,� �d�o� �n�o�t� �p�r�o�v�i�d�e� �t�h�e� �d�e�g�r�e�e� �o�f� �d�i�a�g�n�o�s�t�i�c�i�t�y� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �m�u�l�t�i�-�d�i�m�e�n�s�i�o�n�a�l
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�t�e�c�h�n�i�q�u�e�s� �(�H�a�r�t� �a�n�d� �W�i�c�k�e�n�s�)�.� �I�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h�s�,� �i�n�-�d�e�p�t�h� �d�i�s�c�u�s�s�i�o�n�s� �o�f� 

�S�W�A�T� �a�n�d� �t�h�e� �N�A�S�A�-�T�L�X�,� �i�n�c�l�u�d�i�n�g� �t�h�e�i�r� �s�t�r�e�n�g�t�h�s� �a�n�d� �l�i�m�i�t�a�t�i�o�n�s�,� �a�r�e� �p�r�e�s�e�n�t�e�d�.� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �S�W�A�T� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �(�R�e�i�d� �a�n�d� 

�N�y�g�r�e�n�,� �1�9�8�8�,� �p�.� �1�8�8�)�:� 

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

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

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

�w�o�r�k�l�o�a�d� �j�u�d�g�m�e�n�t� �r�e�q�u�i�r�e�d� �o�f� �t�h�e� �o�p�e�r�a�t�o�r�;� �a�n�d� 

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

�p�s�y�c�h�o�m�e�t�r�i�c� �p�r�i�n�c�i�p�l�e�s�.� 

�I�n� �o�r�d�e�r� �t�o� �c�a�p�t�u�r�e� �t�h�e� �m�u�l�t�i�d�i�m�e�n�s�i�o�n�a�l�i�t�y� �o�f� �C�W�L�,� �S�W�A�T ��s� �d�e�v�e�l�o�p�e�r�s� �s�i�f�t�e�d� �t�h�e� 

�l�i�t�e�r�a�t�u�r�e� �t�o� �a�r�r�i�v�e� �a�t� �m�o�r�e� �t�h�a�n� �2�0� �w�o�r�k�l�o�a�d� �d�e�f�i�n�i�t�i�o�n�s�.� �B�a�s�e�d� �o�n� �c�o�n�c�o�r�d�a�n�c�e� �a�n�d� 

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

�d�e�f�i�n�e� �C�W�L� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�.� �T�h�e�s�e� �d�i�m�e�n�s�i�o�n�s� �a�r�e� �(�R�e�i�d�,� �P�o�t�t�e�r�,� �a�n�d� �B�r�e�s�s�l�e�r�,� �1�9�8�9�,� 

�A�p�p�e�n�d�i�x� �B�)�:� 

�1�.� 

�2�.� 

�3�.� 

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

�p�e�r�c�e�p�t�i�o�n� �o�f� �b�o�t�h� �f�r�e�e� �t�i�m�e� �(�t�i�m�e� �a�v�a�i�l�a�b�l�e� �e�x�c�e�e�d�s� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �p�e�r�f�o�r�m� �t�a�s�k�)� 

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

�t�r�a�d�e�o�f�f�s� �m�u�s�t� �b�e� �m�a�d�e�)�.� 

�M�e�n�t�a�l� �E�f�f�o�r�t� �L�o�a�d�.� �T�h�i�s� �a�c�c�o�u�n�t�s� �f�o�r� �t�a�s�k� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �d�i�f�f�i�c�u�l�t�y�,� �c�o�m�p�l�e�x�i�t�y�,� 

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

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

�P�s�y�c�h�o�l�o�g�i�c�a�l� �S�t�r�e�s�s� �L�o�a�d�.� �T�h�i�s� �e�n�c�o�m�p�a�s�s�e�s� �o�p�e�r�a�t�o�r� �v�a�r�i�a�b�l�e�s� �s�u�c�h� �a�s� �e�m�o�t�i�o�n�a�l� 

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

�T�h�r�e�e� �l�e�v�e�l�s� �o�f� �e�a�c�h� �d�i�m�e�n�s�i�o�n� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �S�W�A�T� �s�c�a�l�e� �(�s�e�e� �T�a�b�l�e� �1�)�.� �T�h�e� �a�u�t�h�o�r�s� 

�o�f� �S�W�A�T� �e�m�p�h�a�s�i�z�e�d� �t�h�a�t� �t�h�e�i�r� �o�b�j�e�c�t�i�v�e� �w�a�s� �n�o�t� �t�o� �e�n�d� �a�l�l� �t�h�e�o�r�e�t�i�c�a�l� �d�e�b�a�t�e�s� �o�n� �t�h�e� 

�d�e�f�i�n�i�t�i�o�n� �o�f� �C�W�L�.� �R�a�t�h�e�r�,� �t�h�e�y�  ��i�n�t�e�n�d�e�d� �t�o� �c�a�p�t�u�r�e� �m�o�s�t� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t�s� 

�t�h�a�t� �a�p�p�e�a�r� �t�o� �i�n�f�l�u�e�n�c�e� �p�e�o�p�l�e ��s� �p�e�r�c�e�p�t�i�o�n� �o�f� �w�o�r�k�l�o�a�d�.� �S�W�A�T� �i�s� �i�n�t�e�n�d�e�d� �t�o� �b�e� �a� 

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

�a�n�d� �N�y�g�r�e�n�,� �1�9�8�8�,� �p�.� �1�9�1�)�.� 

�T�w�o� �d�i�s�t�i�n�c�t� �s�t�e�p�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �u�s�e� �o�f� �S�W�A�T�.� �T�h�e� �f�i�r�s�t� �s�t�e�p� �i�s� �s�c�a�l�e� 

�d�e�v�e�l�o�p�m�e�n�t� �i�n� �w�h�i�c�h� �2�7� �w�o�r�k�l�o�a�d� �l�e�v�e�l�s� �(�t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s� �w�i�t�h� �t�h�r�e�e� �l�e�v�e�l�s� �e�a�c�h�;� �3�°�)� �a�r�e� 

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

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

�s�c�a�l�e� �r�u�n�s� �f�r�o�m� �0� �t�o� �1�0�0� �w�i�t�h� �0� �a�n�d� �1�0�0� �m�a�p�p�i�n�g� �t�o� �t�h�e� �1�,�1�,�1� �a�n�d� �3�,�3�,�3� �c�o�m�b�i�n�a�t�i�o�n�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �t�h�r�e�e�-�t�o�-�o�n�e� �d�i�m�e�n�s�i�o�n� �m�a�p�p�i�n�g� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.� 

�T�h�e� �s�e�c�o�n�d� �s�t�e�p� �i�n� �u�s�i�n�g� �S�W�A�T� �i�s� �e�v�e�n�t� �s�c�o�r�i�n�g�.� �F�o�r� �a� �g�i�v�e�n� �t�a�s�k�,� �t�h�e� �o�p�e�r�a�t�o�r� �r�a�t�e�s� 

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

�L�a�b�o�r�a�t�o�r�y� �e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �S�W�A�T� �t�y�p�i�c�a�l�l�y� �r�e�q�u�i�r�e� �s�u�b�j�e�c�t�s� �t�o� �r�a�t�e� �t�h�e� �w�o�r�k�l�o�a�d� 

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

�i�n�t�e�r�v�a�l� �s�c�a�l�e�,� �a�r�e� �a�n�a�l�y�z�e�d� �v�i�a� �p�a�r�a�m�e�t�r�i�c� �s�t�a�t�i�s�t�i�c�a�l� �t�e�c�h�n�i�q�u�e�s�.� 

�T�h�e� �m�a�j�o�r� �b�e�n�e�f�i�t� �o�f� �u�s�i�n�g� �S�W�A�T� �i�s� �t�h�a�t� �w�h�i�l�e� �o�t�h�e�r� �s�u�b�j�e�c�t�i�v�e� �t�e�c�h�n�i�q�u�e�s� �m�i�g�h�t� 

�r�e�q�u�i�r�e� �i�n�t�e�r�v�a�l�-� �o�r� �e�v�e�n� �r�a�t�i�o�-�s�c�a�l�e�d� �j�u�d�g�m�e�n�t�s� �(�e�.�g�.�,� �f�r�e�e� �m�o�d�u�l�u�s� �m�a�g�n�i�t�u�d�e� �e�s�t�i�m�a�t�i�o�n� 

�o�v�e�r� �s�e�v�e�r�a�l� �w�o�r�k�l�o�a�d� �d�i�m�e�n�s�i�o�n�s� �o�r� �t�h�e� �u�s�e� �o�f� �b�i�s�e�c�t�i�o�n� �e�s�t�i�m�a�t�i�o�n�)�,� �S�W�A�T� �o�n�l�y� �r�e�q�u�i�r�e�s� 

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

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

�-�-� �m�o�r�e� �p�o�w�e�r�f�u�l� �t�h�a�n� �t�h�e� �N�A�S�A�-�T�L�X� �t�e�c�h�n�i�q�u�e� �w�h�i�c�h� �g�i�v�e�s� �o�n�l�y� �o�r�d�i�n�a�l� �d�a�t�a�.� �U�s�e�d� �i�n



�2�4� 

�T�A�B�L�E� �1� 

�T�h�e� �T�h�r�e�e� �S�W�A�T� �D�i�m�e�n�s�i�o�n�s� �(�a�f�t�e�r� �R�e�i�d�,� �P�o�t�t�e�r�,� �a�n�d� �B�r�e�s�s�l�e�r�,� �1�9�8�9�)� 

�I�.� �T�i�m�e� �L�o�a�d� 

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

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

�A�l�m�o�s�t� �n�e�v�e�r� �h�a�v�e� �s�p�a�r�e� �t�i�m�e�.� �I�n�t�e�r�r�u�p�t�i�o�n�s� �o�r� �o�v�e�r�l�a�p� �a�m�o�n�g� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �v�e�r�y� 
�f�r�e�q�u�e�n�t�,� �o�r� �o�c�c�u�r� �a�l�l� �t�h�e� �t�i�m�e�.� 

�I�]�.� �M�e�n�t�a�l� �E�f�f�o�r�t� �L�o�a�d� 

�1�.� �V�e�r�y� �l�i�t�t�l�e� �c�o�n�s�c�i�o�u�s� �m�e�n�t�a�l� �e�f�f�o�r�t� �o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �r�e�q�u�i�r�e�d�.� �A�c�t�i�v�i�t�y� �i�s� �a�l�m�o�s�t� 
�a�u�t�o�m�a�t�i�c�,� �r�e�q�u�i�r�i�n�g� �l�i�t�t�l�e� �o�r� �n�o� �a�t�t�e�n�t�i�o�n�.� 

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

�E�x�t�e�n�s�i�v�e� �m�e�n�t�a�l� �e�f�f�o�r�t� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�r�e� �n�e�c�e�s�s�a�r�y�.� �V�e�r�y� �c�o�m�p�l�e�x� �a�c�t�i�v�i�t�y� 
�r�e�q�u�i�r�i�n�g� �t�o�t�a�l� �a�t�t�e�n�t�i�o�n�.� 

�I�I�I�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �S�t�r�e�s�s� �L�o�a�d� 

�1�.� �L�i�t�t�l�e� �c�o�n�f�u�s�i�o�n�,� �r�i�s�k�,� �f�r�u�s�t�r�a�t�i�o�n�,� �o�r� �a�n�x�i�e�t�y� �e�x�i�s�t�s� �a�n�d� �c�a�n� �b�e� �e�a�s�i�l�y� 
�a�c�c�o�m�m�o�d�a�t�e�d�.� 

�M�o�d�e�r�a�t�e� �s�t�r�e�s�s� �d�u�e� �t�o� �c�o�n�f�u�s�i�o�n�,� �f�r�u�s�t�r�a�t�i�o�n�,� �o�r� �a�n�x�i�e�t�y� �n�o�t�i�c�e�a�b�l�y� �a�d�d�s� �t�o� 
�w�o�r�k�l�o�a�d�.� �S�i�g�n�i�f�i�c�a�n�t� �c�o�m�p�e�n�s�a�t�i�o�n� �i�s� �r�e�q�u�i�r�e�d� �t�o� �m�a�i�n�t�a�i�n� �a�d�e�q�u�a�t�e� �p�e�r�f�o�r�m�a�n�c�e�.� 

�.� �H�i�g�h� �t�o� �v�e�r�y� �i�n�t�e�n�s�e� �s�t�r�e�s�s� �d�u�e� �t�o� �c�o�n�f�u�s�i�o�n�,� �f�r�u�s�t�r�a�t�i�o�n�,� �o�r� �a�n�x�i�e�t�y�.� �H�i�g�h� �t�o� 
�e�x�t�r�e�m�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �a�n�d� �s�e�l�f�-�c�o�n�t�r�o�l� �r�e�q�u�i�r�e�d�.
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�0� �2�0� �5�0� �8�5� �1�0�0� 

�L�o�w�e�s�t� �H�i�g�h�e�s�t� 

�W�O�R�K�L�O�A�D� �S�C�A�L�E� 

�F�i�g�u�r�e� �5�.� �S�W�A�T� �a�n�d� �t�h�e� �u�s�e� �o�f� �C�o�n�j�o�i�n�t� �A�n�a�l�y�s�i�s� �t�o� �R�e�s�c�a�l�e� �i�n�d�i�v�i�d�u�a�l� �r�a�n�k�s� �t�o� �a� �u�n�i�q�u�e� 
�I�n�t�e�r�v�a�l� �S�c�a�l�e� �(�a�d�a�p�t�e�d� �f�r�o�m� �L�y�s�a�g�h�t� �e�t� �a�l�.�,� �1�9�8�9�)�.



�2�6� 

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

�c�a�p�a�c�i�t�y� �o�r�  ��f�r�e�e� �s�l�o�t�s �� �a�c�c�o�r�d�i�n�g� �t�o� �M�i�l�l�e�r ��s� �7�£�2� �m�a�g�i�c� �n�u�m�b�e�r�.� 

�C�o�n�j�o�i�n�t� �a�n�a�l�y�s�i�s� �p�e�r�f�o�r�m�s� �a� �s�e�r�i�e�s� �o�f� �a�x�i�o�m� �t�e�s�t�s� �o�n� �t�h�e� �2�7� �w�o�r�k�l�o�a�d� �r�a�n�k�s�.� �T�h�e�s�e� 

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

�p�o�l�y�n�o�m�i�a�l� �m�o�d�e�l�s�:� �a�d�d�i�t�i�v�e�,� �m�u�l�t�i�p�l�i�c�a�t�i�v�e�,� �d�i�s�t�r�i�b�u�t�i�v�e�,� �a�n�d� �d�u�a�l�-�d�i�s�t�r�i�b�u�t�i�v�e�.� �A� �h�i�g�h� 

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

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

�M�O�N�A�N�O�V�A� �(�K�r�u�s�k�a�l�,� �1�9�6�5�)� �a�n�d� �N�O�N�M�E�T�R�G� �(�J�o�h�n�s�o�n�,� �1�9�7�3�)� �s�c�a�l�i�n�g� �a�l�g�o�r�i�t�h�m�s�.� 

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

�c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�.� �M�e�a�s�u�r�e�s� �o�f� �T�H�E�T�A� �a�n�d� �S�T�R�E�S�S� �(�b�e�t�w�e�e�n� �0�.�0� �t�o� 

�1�.�0�)� �a�r�e� �p�r�o�v�i�d�e�d� �t�o� �i�n�d�i�c�a�t�e� �h�o�w� �w�e�l�l� �t�h�e� �r�a�n�k�s� �f�i�t�.� 

�D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �S�W�A�T� �a�n�a�l�y�s�i�s� �o�b�j�e�c�t�i�v�e�s�,� �t�h�e� �r�a�n�k�s� �m�a�y� �b�e� �s�c�a�l�e�d� �f�o�r� �e�a�c�h� �o�p�e�r�a�t�o�r� 

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

�C�o�n�c�o�r�d�a�n�c�e� �(�W�)� �c�a�n� �a�s�s�e�s�s� �t�h�e� �a�m�o�u�n�t� �o�f� �i�n�t�e�r�-�i�n�d�i�v�i�d�u�a�l� �a�g�r�e�e�m�e�n�t�.� �T�h�e� �g�r�o�u�p� �s�c�a�l�e� 

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

�i�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �w�o�r�k�l�o�a�d� �p�e�r�c�e�p�t�i�o�n�.� �T�h�e� �T�i�m�e�,� �E�f�f�o�r�t�,� �a�n�d� �S�t�r�e�s�s� �d�i�m�e�n�s�i�o�n�s� 

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

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

�S�W�A�T� �h�a�s� �b�e�e�n� �t�e�s�t�e�d� �e�x�t�e�n�s�i�v�e�l�y� �i�n� �a�v�i�a�t�i�o�n� �o�p�e�r�a�t�i�o�n�s�.� �R�a�n�k� �o�r�d�e�r�i�n�g�s� �p�r�o�d�u�c�e�d� �a�s� 

�f�a�r� �a�p�a�r�t� �a�s� �o�n�e� �y�e�a�r� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �t�o� �c�o�r�r�e�l�a�t�e� �b�e�t�t�e�r� �t�h�a�n� �0�.�9�0� �(�R�e�i�d� �a�n�d� �N�y�g�r�e�n�,� 

�1�9�8�8�)�.� �R�e�l�a�t�i�v�e�l�y� �h�i�g�h� �C�o�e�f�f�i�c�i�e�n�t�s� �o�f� �C�o�n�c�o�r�d�a�n�c�e� �h�a�v�e� �b�e�e�n� �o�b�t�a�i�n�e�d� �f�r�o�m� �r�a�n�k� 

�o�r�d�e�r�i�n�g�s� �i�n�v�o�l�v�i�n�g� �h�o�m�o�g�e�n�e�o�u�s� �g�r�o�u�p�s� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �(�K�e�n�d�a�l�l ��s� �W� �o�f� �b�e�t�w�e�e�n� �0�.�7�6� 

�a�n�d� �0�.�8�2� �r�e�p�o�r�t�e�d� �b�y� �R�e�i�d�,� �S�h�i�n�g�l�e�d�e�c�k�e�r�,� �a�n�d� �E�g�g�e�m�e�i�e�r�,� �1�9�8�1�)�.



�2�/� 

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

�S�W�A�T�.� �F�o�r� �e�x�a�m�p�l�e�,� �P�r�o�-�S�W�A�T� �(�P�r�o�j�e�c�t�i�v�e� �S�W�A�T�)� �h�a�s� �b�e�e�n� �m�o�d�i�f�i�e�d� �f�o�r� �u�s�e� �i�n� �t�h�e� 

�p�r�e�l�i�m�i�n�a�r�y� �p�h�a�s�e�s� �o�f� �s�y�s�t�e�m�s� �d�e�s�i�g�n� �(�E�g�g�l�e�s�t�o�n� �a�n�d� �Q�u�i�n�n�,� �1�9�8�4�)�,� �w�h�i�l�e� �S�W�A�T� �2� �a�n�d� 

�S�W�A�T� �3� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �m�e�a�s�u�r�e�m�e�n�t� �s�e�n�s�i�t�i�v�i�t�y� �f�o�r� �l�o�w� �w�o�r�k�l�o�a�d� �s�i�t�u�a�t�i�o�n�s� �(�R�e�i�d�,� �1�9�8�5�)�.� 

�S�i�m�i�l�a�r� �t�o� �S�W�A�T�,� �t�h�e� �N�A�S�A�-�T�L�X� �s�c�a�l�e� �e�s�t�i�m�a�t�e�s� �o�v�e�r�a�l�l� �w�o�r�k�l�o�a�d� �b�a�s�e�d� �o�n� �t�h�e� 

�a�g�g�r�e�g�a�t�e� �r�a�t�i�n�g�s� �o�f� �s�e�v�e�r�a�l� �d�i�m�e�n�s�i�o�n�s� �(�H�a�r�t� �a�n�d� �S�t�a�v�e�l�a�n�d�,� �1�9�8�8�)�.� �S�i�x� �s�u�b�s�c�a�l�e�s� �(�M�e�n�t�a�l� 

�D�e�m�a�n�d�,� �P�h�y�s�i�c�a�l� �D�e�m�a�n�d�,� �T�e�m�p�o�r�a�l� �D�e�m�a�n�d�,� �O�w�n� �P�e�r�f�o�r�m�a�n�c�e�,� �E�f�f�o�r�t�,� �a�n�d� 

�F�r�u�s�t�r�a�t�i�o�n�)� �a�r�e� �r�a�t�e�d� �f�r�o�m� �1� �t�o� �1�0�0� �p�o�i�n�t�s� �i�n� �5�-�p�o�i�n�t� �i�n�c�r�e�m�e�n�t�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �r�e�l�a�t�i�v�e� 

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

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

�F�i�g�u�r�e� �6� �g�r�a�p�h�i�c�a�l�l�y� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�e� �r�a�t�i�n�g� �p�r�o�c�e�d�u�r�e� �f�o�r� �t�h�i�s� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� 

�t�e�c�h�n�i�q�u�e�.� 

�T�h�e� �N�A�S�A�-�T�L�X� �s�c�a�l�e� �h�a�s� �b�e�e�n� �u�s�e�d� �s�u�c�c�e�s�s�f�u�l�l�y� �i�n� �l�a�b�o�r�a�t�o�r�y� �a�n�d� �a�p�p�l�i�e�d� 

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

�a�n�d� �W�i�c�k�e�n�s� �(�1�9�9�0�)� �n�o�t�e�d� �t�h�a�t� �i�t� �p�r�o�v�i�d�e�s� �c�o�n�s�i�s�t�e�n�t�l�y� �l�o�w�e�r� �b�e�t�w�e�e�n�-�r�a�t�e�r� �v�a�r�i�a�b�i�l�i�t�y� 

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

�c�o�m�p�a�r�e�d� �t�o� �S�W�A�T�.� 

�P�r�i�m�a�r�y� �t�a�s�k�-�b�a�s�e�d� �m�e�a�s�u�r�e�s�.� �P�r�i�m�a�r�y� �t�a�s�k� �m�e�a�s�u�r�e�s�,� �w�h�i�c�h� �s�e�e�m� �t�o� �b�e� �t�h�e� �m�o�s�t� 

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

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

�c�h�a�n�g�e�s� �a�s� �a� �d�i�r�e�c�t� �r�e�s�u�l�t� �o�f� �c�h�a�n�g�e�s� �i�n� �w�o�r�k�l�o�a�d� �l�e�v�e�l� �(�W�i�l�l�i�g�e�s� �a�n�d� �W�i�e�r�w�i�l�l�e�,� �1�9�7�9�)�.� 

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

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

�a�n�a�l�y�z�e�d� �a�t� �a� �l�a�t�e�r� �t�i�m�e�.
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�S�U�B�S�C�A�L�E� �T�A�S�K� �R�A�T�I�N�G� �R�A�T�I�N�G� �_� �W�E�I�G�H�T� �P�R�O�D�U�C�T� 

�M�e�n�t�a�l� �|�_�x� �|� 
�D�e�m�a�n�d� �L�o�w� �H�i�g�h� �1�0� �X� �3� �=� �3�0� 

�P�h�y�s�i�c�a�l� �|� �X�x� �|� 
�D�e�m�a�n�d� �L�o�w� �H�i�g�h� �3�5� �x� �0� �=� �0� 

�T�i�m�e� �|� �x� �|� 
�D�e�m�a�n�d� �L�o�w� �H�i�g�h� �5�5� �x� �>� �=� �2�7�5� 

�O�w�n� �|� �X� �|� 
�P�e�r�f�o�r�m�a�n�c�e� �L�o�w� �H�i�g�h� �3�0� �X� �1� �=� �3�0� 

�E�f�f�o�r�t� �|� �x�_�_�|� 
�L�o�w� �H�i�g�h� �8�0� �X� �3� �=� �2�4�0� 

�F�r�u�s�t�r�a�t�i�o�n� �|� �x� �|� 
�L�o�w� �H�i�g�h� �2�0� �x� �3� �=� �6�0� 

�S�u�m� �=� �6�3�5� 

�T�o�t�a�l� �W�e�i�g�h�t�s� �=� �1�5� 

�M�e�a�n� �W�o�r�k�l�o�a�d� �S�c�o�r�e� �=� �4�2� 

�F�i�g�u�r�e� �6�.� �W�o�r�k�l�o�a�d� �R�a�t�i�n�g� �P�r�o�c�e�d�u�r�e� �f�o�r� �t�h�e� �N�A�S�A�-�T�L�X� �S�c�a�l�e� �(�a�d�a�p�t�e�d� �f�r�o�m� �H�a�r�t� �a�n�d� 
�S�t�a�v�e�l�a�n�d�,� �1�9�8�8�)�.



�2�9� 

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

�W�h�e�n� �u�s�e�d� �i�n� �a� �d�u�a�l�-�t�a�s�k� �p�a�r�a�d�i�g�m�,� �a� �s�e�c�o�n�d�a�r�y� �t�a�s�k� �s�e�r�v�e�s� �e�i�t�h�e�r� �a�s� �a� �l�o�a�d�i�n�g� �o�r� 

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

�o�b�j�e�c�t�i�v�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �p�a�r�a�d�i�g�m� �u�s�e�d� �i�n� �s�o�m�e� �S�T�M� �s�t�u�d�i�e�s� �i�n�v�e�s�t�i�g�a�t�i�n�g� �s�p�a�r�e� 

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

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

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

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

�M�e�i�s�t�e�r� �(�1�9�8�5�)� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �p�r�i�m�a�r�y� �m�e�a�s�u�r�e�(�s�)� �s�h�o�u�l�d� �b�e� �c�h�o�s�e�n� �t�o� �r�e�f�l�e�c�t� �m�a�x�i�m�a�l�l�y� 

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

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

�i�n� �C�W�L� �l�e�v�e�l� �(�M�e�s�h�k�a�t�i� �a�n�d� �L�o�e�w�e�n�t�h�a�l�,� �1�9�8�8�)�.� �W�i�l�l�i�g�e�s� �a�n�d� �W�i�e�r�w�i�l�l�e� �(�1�9�7�9�)� �c�o�n�c�l�u�d�e�d� 

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

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

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

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

�b�e�t�w�e�e�n�-�t�a�s�k� �c�o�m�p�a�r�i�s�o�n�s�.� 

�S�e�c�o�n�d�a�r�y� �t�a�s�k�-�b�a�s�e�d� �m�e�a�s�u�r�e�s�.� �I�n� �o�r�d�e�r� �t�o� �o�p�t�i�m�i�z�e� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e�,� �t�h�e� 

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

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

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

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

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

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



�3�0� 

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

�s�k�y�)�.� �A�l�s�o� �s�u�p�p�o�s�e� �t�h�a�t� �t�h�e� �s�e�c�o�n�d�a�r�y� �t�a�s�k� �i�s� �d�i�g�i�t� �r�e�c�o�g�n�i�t�i�o�n� �u�s�i�n�g� �S�t�e�r�n�b�e�r�g ��s� 

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

�m�o�r�e� �S�T�M� �r�e�s�o�u�r�c�e�s� �w�o�u�l�d� �b�e� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �p�i�l�o�t�.� 

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

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

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

�r�e�s�o�u�r�c�e� �p�o�o�l� �(�W�i�c�k�e�n�s�,� �1�9�8�4�a�)�.� �T�h�u�s�,� �w�o�r�k�l�o�a�d� �l�e�v�e�l�s� �f�o�r� �b�o�t�h� �t�a�s�k�s� �s�h�o�u�l�d� �b�e� �l�i�n�e�a�r�l�y� 

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

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

�m�o�r�e� �t�a�s�k�s�.� 

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

�r�e�s�e�a�r�c�h� �a�p�p�r�o�a�c�h�e�d� �S�T�M� �a�n�d� �C�W�L� �a�s� �s�e�p�a�r�a�t�e� �i�s�s�u�e�s�.� �T�h�e� �n�e�x�t� �s�e�c�t�i�o�n� �d�i�s�c�u�s�s�e�s� �r�e�c�e�n�t� 

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



�S�H�O�R�T�-�T�E�R�M� �M�E�M�O�R�Y�/� �C�O�G�N�I�T�I�V�E� �W�O�R�K�L�O�A�D� �R�E�L�A�T�I�O�N�S�H�I�P� 

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

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

�a�u�t�o�m�a�t�e�d� �c�o�c�k�p�i�t�s� �o�f� �m�o�d�e�r�n� �a�i�r�c�r�a�f�t�.� �A�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �a�t�t�e�m�p�t�s� �h�a�v�e� �b�e�e�n� �m�a�d�e� �t�o� 

�m�e�a�s�u�r�e� �S�T�M� �l�o�a�d�i�n�g� �i�n� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �s�i�n�g�l�e�-� �a�n�d� �d�u�a�l�-�t�a�s�k� �c�o�n�d�i�t�i�o�n�s�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�R�e�i�n�h�a�r�t� �e�t� �a�l�.� �(�1�9�8�8�)�,� �S�T�M� �t�a�s�k�s� �i�n� �C�W�L� �r�e�s�e�a�r�c�h� �a�c�c�o�m�p�l�i�s�h� �t�w�o� �p�u�r�p�o�s�e�s�.� �F�i�r�s�t�,� �t�h�e�y� 

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

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

�S�e�c�o�n�d�,� �S�T�M� �t�a�s�k�s� �p�r�o�v�i�d�e� �t�h�e�i�r� �o�w�n� �p�e�r�f�o�r�m�a�n�c�e� �m�e�a�s�u�r�e�s� �o�f� �C�W�L� �(�e�.�g�.�,� �r�e�s�p�o�n�s�e� 

�l�a�t�e�n�c�y�,� �e�r�r�o�r� �r�a�t�e�)�.� 

�S�t�u�d�i�e�s� �S�u�p�p�o�r�t�i�n�g� �t�h�e� �R�e�l�a�t�i�o�n�s�h�i�p� 

�E�g�g�e�m�e�i�e�r�,� �C�r�a�b�t�r�e�e�,� �Z�i�n�g�g�,� �R�e�i�d�,� �a�n�d� �S�h�i�n�g�l�e�d�e�c�k�e�r� �(�1�9�8�2�)� �c�o�n�d�u�c�t�e�d� �a� �S�t�e�r�n�b�e�r�g�-� 

�t�y�p�e� �s�e�q�u�e�n�t�i�a�l� �S�T�M� �t�a�s�k� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �S�W�A�T� �t�o� �v�a�r�i�o�u�s� �s�t�i�m�u�l�u�s� 

�p�r�e�s�e�n�t�a�t�i�o�n� �r�a�t�e�s� �a�n�d� �d�i�f�f�e�r�e�n�t� �M�S�E�T� �s�i�z�e�s�.� �T�h�e� �a�u�t�h�o�r�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e�i�r� �s�t�u�d�y� 

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

�p�r�o�c�e�d�u�r�e� �i�n� �t�h�e� �t�y�p�e� �o�f� �S�T�M� �t�a�s�k� �e�m�p�l�o�y�e�d �� �(�p�.� �6�4�7�)�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� �s�u�b�j�e�c�t�i�v�e� 

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

�R�e�i�n�h�a�r�t� �e�t� �a�l�.� �(�1�9�8�8�)� �u�s�e� �a� �t�r�a�c�k�i�n�g�-�p�r�i�m�a�r�y�/�S�t�e�r�n�b�e�r�g�-�s�e�c�o�n�d�a�r�y� �t�a�s�k� �p�a�r�a�d�i�g�m� �t�o� 

�i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�g�i�t� �l�o�a�d�i�n�g� �o�n� �C�W�L�.� �T�h�e�i�r� �m�a�j�o�r� �f�i�n�d�i�n�g� �w�a�s� �t�h�a�t� �i�n�c�r�e�a�s�e�d� 

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

�O�t�h�e�r� �s�t�u�d�i�e�s� �t�h�a�t� �h�a�v�e� �u�t�i�l�i�z�e�d� �a�n�d� �p�r�o�v�i�d�e�d� �f�a�v�o�r�a�b�l�e� �c�o�m�m�e�n�t�s� �f�o�r� �t�h�e� �S�W�A�T� 

�t�e�c�h�n�i�q�u�e� �i�n� �S�T�M�/�C�W�L� �r�e�s�e�a�r�c�h� �i�n�c�l�u�d�e�:� 

�1�.� �E�f�f�e�c�t�s� �o�f� �d�e�l�a�y�e�d� �S�W�A�T� �r�e�p�o�r�t�i�n�g� �i�n� �a� �S�t�e�r�n�b�e�r�g�-�t�y�p�e� �S�T�M� �u�p�d�a�t�e� �t�a�s�k� 

�3�1



�3�2� 

�(�E�g�g�e�m�e�i�e�r�,� �C�r�a�b�t�r�e�e�,� �a�n�d� �L�a�P�o�i�n�t�e�,� �1�9�8�3�)�;� 

�2�.� �S�p�a�t�i�a�l� �S�T�M� �(�E�g�g�e�m�e�i�e�r� �a�n�d� �S�t�a�d�l�e�r�,� �1�9�8�4�)�;� 

�3�.� �S�p�a�t�i�a�l� �S�T�M� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �(�V�i�d�u�l�i�c�h� �a�n�d� �T�s�a�n�g�,� �1�9�8�5�)�;� �a�n�d� 

�4�.� �S�T�M� �p�e�r�c�e�p�t�u�a�l�-�m�o�t�o�r� �t�r�a�c�k�i�n�g� �(�G�o�p�h�e�r�,� �C�h�i�l�l�a�g�,� �a�n�d� �A�r�z�i�,� �1�9�8�5�;� �H�e�m�m�i�n�g�w�a�y�,� 

�1�9�8�4�)�.� 

�U�s�e� �o�f� �t�h�e� �S�t�e�r�n�b�e�r�g� �P�a�r�a�d�i�g�m� �i�n� �S�h�o�r�t�-�T�e�r�m� �M�e�m�o�r�y�/�C�o�g�n�i�t�i�v�e� �W�o�r�k�l�o�a�d� �R�e�s�e�a�r�c�h� 

�W�i�c�k�e�n�s�,� �H�y�m�a�n�,� �D�e�l�l�i�n�g�e�r�,� �T�a�y�l�o�r�,� �a�n�d� �M�e�a�d�o�r� �(�1�9�8�6�)� �s�u�g�g�e�s�t�e�d� �t�w�o� �r�e�a�s�o�n�s� �f�o�r� 

�u�s�e� �o�f� �t�h�e� �S�t�e�r�n�b�e�r�g� �p�a�r�a�d�i�g�m� �i�n� �a�v�i�a�t�i�o�n� �C�W�L� �r�e�s�e�a�r�c�h�.� �F�i�r�s�t�,� �a�s� �a� �s�e�c�o�n�d�a�r�y� �t�a�s�k�,� �i�t� �h�a�s� 

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

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

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

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

�C�W�L� �s�c�i�e�n�t�i�s�t�s� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �p�r�o�p�e�r�t�i�e�s� �t�h�a�t� �d�e�t�e�r�m�i�n�e� �t�h�e� �v�a�l�i�d�i�t�y� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y� �o�f� 

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

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

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

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

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

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

�S�t�e�r�n�b�e�r�g ��s� �p�a�r�a�d�i�g�m� �a�s� �a� �s�e�c�o�n�d�a�r�y� �t�a�s�k� �(�e�.�g�.�,� �E�g�g�e�m�e�i�e�r� �e�t� �a�l�.�,� �1�9�8�2�,� �1�9�8�3�;� �R�e�i�n�h�a�r�t� �e�t� 

�a�l�.�,� �1�9�8�8�;� �W�i�c�k�e�n�s� �e�t� �a�l�.�,� �1�9�8�6�)�.� 

�D�i�a�g�n�o�s�t�i�c�i�t�y�.� �T�h�i�s� �i�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�x�a�c�t� �c�a�u�s�e�s� �o�f� �C�W�L� �l�e�v�e�l� �c�h�a�n�g�e�s�.� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�i�s� �p�r�o�p�e�r�t�y� �r�e�l�a�t�e�s� �t�o� �r�e�s�e�a�r�c�h� �i�n� �h�u�m�a�n� �a�t�t�e�n�t�i�o�n� �a�n�d� �W�i�c�k�e�n ��s� �m�u�l�t�i�p�l�e
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�r�e�s�o�u�r�c�e� �t�h�e�o�r�y� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r�.� �W�i�c�k�e�n�s� �e�t� �a�l�.� �(�1�9�8�6�)� �r�e�p�o�r�t�e�d� �t�h�r�e�e� �e�x�p�e�r�i�m�e�n�t�s� �t�h�a�t� 

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

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

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

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

�I�n�t�r�u�s�i�v�e�n�e�s�s�.� �E�g�g�e�m�e�i�e�r� �(�1�9�8�8�)� �d�e�f�i�n�e�d� �i�n�t�r�u�s�i�v�e�n�e�s�s� �a�s�  ��t�h�e� �t�e�n�d�e�n�c�y� �t�o� �c�a�u�s�e� 

�u�n�i�n�t�e�n�d�e�d� �d�e�g�r�a�d�a�t�i�o�n�s� �i�n� �o�n�g�o�i�n�g� �p�r�i�m�a�r�y� �t�a�s�k� �p�e�r�f�o�r�m�a�n�c�e �� �(�p�.� �4�9�)�.� �H�e� �c�i�t�e�d� �e�v�i�d�e�n�c�e� 

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

�(�e�.�g�.�,� �S�W�A�T�)� �h�a�v�e� �b�e�e�n� �m�i�n�i�m�a�l�.� �I�n� �a� �s�e�n�s�e�,� �t�h�i�s� �i�s� �e�x�p�e�c�t�e�d� �s�i�n�c�e� �t�h�e� �s�t�a�n�d�a�r�d� �p�r�a�c�t�i�c�e� �1�s� 

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

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

�b�e�e�n� �l�e�s�s� �t�h�a�n� �e�n�c�o�u�r�a�g�i�n�g� �(�E�g�g�e�m�e�i�e�r�,� �1�9�8�8�)�.� �A�n� �a�b�s�e�n�c�e� �o�f� �i�n�t�r�u�s�i�o�n� �i�n� �t�h�e� �s�u�b�s�i�d�i�a�r�y� 

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

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

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

�b�u�t� �a�p�p�e�a�r� �r�e�l�a�t�e�d� �t�o� �t�h�e� �t�y�p�e� �a�n�d� �l�e�v�e�l� �o�f� �p�r�i�m�a�r�y� �t�a�s�k� �l�o�a�d�i�n�g�.� �T�h�e� �R�e�i�n�h�a�r�t� �e�t� �a�l�.� �(�1�9�8�8�)� 

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

�s�e�c�o�n�d�a�r�y� �S�t�e�r�n�b�e�r�g� �t�a�s�k�.� �T�h�e�i�r� �a�n�a�l�y�s�e�s� �r�e�v�e�a�l�e�d� �i�n�c�r�e�a�s�e�d� �R�M�S� �t�r�a�c�k�i�n�g� �e�r�r�o�r� �w�i�t�h� 

�i�n�c�r�e�a�s�e�d� �m�e�m�o�r�y�-�s�e�t� �s�i�z�e� �a�n�d� �i�n�c�r�e�a�s�e�d� �t�r�a�c�k�i�n�g� �d�i�f�f�i�c�u�l�t�y�.� 

�D�e�s�p�i�t�e� �p�r�o�b�l�e�m�s� �o�f� �i�n�t�r�u�s�i�v�e�n�e�s�s�,� �t�h�e� �t�r�a�c�k�i�n�g�-�p�r�i�m�a�r�y�/�S�t�e�r�n�b�e�r�g�-�s�e�c�o�n�d�a�r�y� �t�a�s�k� 

�p�a�r�a�d�i�g�m� �h�a�s� �n�e�v�e�r�t�h�e�l�e�s�s� �g�i�v�e�n� �f�a�i�r�l�y� �r�o�b�u�s�t� �C�W�L� �r�e�s�u�l�t�s�.� �H�e�n�r�y� �J�e�x� �a�n�d� �h�i�s� �c�o�l�l�e�a�g�u�e�s� 

�(�J�e�x�,� �1�9�8�8�;� �J�e�x� �a�n�d� �C�l�e�m�e�n�t�,� �1�9�7�9�;� �J�e�x�,� �M�c�D�o�n�n�e�l�l�,� �a�n�d� �P�h�a�t�a�k�,� �1�9�6�6�)� �a�t�t�e�m�p�t�e�d� �t�o� 

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

�t�a�s�k�.� �T�h�e� �a�u�t�h�o�r�s� �d�e�v�e�l�o�p�e�d� �a� �S�t�a�n�d�a�r�d� �S�u�b�c�r�i�t�i�c�a�l� �T�r�a�c�k�i�n�g� �T�a�s�k� �(�S�C�T�T�)� �r�e�c�o�m�m�e�n�d�e�d
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�e�s�p�e�c�i�a�l�l�y� �f�o�r� �u�s�e� �w�i�t�h� �t�h�e� �S�t�e�r�n�b�e�r�g� �p�a�r�a�d�i�g�m� �a�s� �a� �s�e�c�o�n�d�a�r�y� �t�a�s�k�.� �S�p�e�c�i�f�i�c� �c�o�n�t�r�o�l� 

�p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �S�C�T�T� �w�e�r�e� �d�e�l�i�n�e�a�t�e�d� �(�J�e�x�,� �1�9�8�8�)�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �t�o� 

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

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



�T�H�E� �P�R�E�S�E�N�T� �R�E�S�E�A�R�C�H� 

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

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

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

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

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

�d�i�f�f�e�r�e�n�t� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s�;� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�t� �i�s� �a�l�s�o� �i�m�p�o�r�t�a�n�t� �t�o� �c�o�n�s�i�d�e�r� �t�h�e� �C�W�L� 

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

�p�r�o�c�e�s�s�i�n�g� �e�f�f�i�c�i�e�n�c�y�.� 

�T�h�e� �p�a�p�e�r�s� �b�y� �C�a�v�a�n�a�g�h� �(�1�9�7�2�)� �a�n�d� �B�r�o�w�n� �a�n�d� �K�i�r�s�n�e�r� �(�1�9�8�0�)� �p�r�o�v�i�d�e� �e�x�c�e�l�l�e�n�t� 

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

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

�p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �S�t�e�r�n�b�e�r�g� �p�a�r�a�d�i�g�m�.� �T�h�e� �s�t�u�d�i�e�s� �b�y� �R�e�i�n�h�a�r�t� �e�t� �a�l�.� �(�1�9�8�8�)� �a�n�d� �W�i�c�k�e�n�s� �e�t� 

�a�l�.� �(�1�9�8�6�)� �h�a�v�e� �b�e�e�n� �a�t�t�e�m�p�t�s� �t�o�w�a�r�d� �t�h�i�s� �e�n�d�.� �I�n� �t�h�e� �R�e�i�n�h�a�r�t� �e�t� �a�l�.� �s�t�u�d�y�,� �d�i�g�i�t� �l�o�a�d�i�n�g� 

�u�s�i�n�g� �a� �S�t�e�r�n�b�e�r�g� �s�e�c�o�n�d�a�r�y� �t�a�s�k� �s�e�r�v�e�d� �a�s� �a� �g�o�o�d� �C�W�L� �m�e�a�s�u�r�e�.� �W�i�c�k�e�n�s� �e�t� �a�l�.� �o�b�t�a�i�n�e�d� 

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

�q�u�a�n�t�i�t�a�t�i�v�e�,� �o�b�j�e�c�t�i�v�e�,� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e�-�b�a�s�e�d�.� 

�C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �c�a�s�e� �f�o�r� �q�u�a�l�i�t�a�t�i�v�e� �o�r� �s�u�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e�s�,� �t�h�e� �N�A�S�A�-�T�L�X� �a�n�d� 

�S�W�A�T� �s�c�a�l�e�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �s�e�n�s�i�t�i�v�e� �a�n�d� �d�i�a�g�n�o�s�t�i�c� �i�n�s�t�r�u�m�e�n�t�s� �t�h�a�t� �i�n�c�u�r� �v�e�r�y� 

�l�i�t�t�l�e� �i�n�t�r�u�s�i�o�n�.� �B�o�t�h� �t�e�c�h�n�i�q�u�e�s� �h�a�v�e� �b�e�e�n� �s�u�c�c�e�s�s�f�u�l�l�y� �a�p�p�l�i�e�d� �i�n� �S�T�M�/�C�W�L� �r�e�s�e�a�r�c�h�.� 

�W�h�i�l�e� �t�h�e� �N�A�S�A�-�T�L�X� �s�c�a�l�e� �i�s� �s�o�m�e�w�h�a�t� �m�o�r�e� �a�c�c�u�r�a�t�e� �t�h�a�n� �S�W�A�T� �(�i�.�e�.�,� �l�o�w�e�r� �b�e�t�w�e�e�n�-� 

�r�a�t�e�r� �v�a�r�i�a�b�i�l�i�t�y�)�,� �i�t� �i�s� �d�e�c�i�d�e�d� �t�h�a�t� �S�W�A�T� �w�i�l�l� �b�e� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h�.� �T�h�e� 

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

�p�r�o�c�e�d�u�r�e� �i�n�c�u�r�s� �l�e�s�s� �t�i�m�e� �a�n�d� �e�f�f�o�r�t� �t�h�a�n� �t�h�e� �N�A�S�A�-�T�L�X� �r�a�t�i�n�g� �p�r�o�c�e�d�u�r�e� �(�c�o�m�p�a�r�e� �r�a�t�i�n�g� 
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�3�6� 

�a� �1�,� �2�,� �o�r� �3� �o�n� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s� �a�s� �o�p�p�o�s�e�d� �t�o� �r�a�t�i�n�g� �0� �t�o� �1�0�0� �a�n�d� �r�a�n�k�i�n�g� �e�a�c�h� �o�f� �s�i�x� 

�s�u�b�s�c�a�l�e�s�)�.� �S�i�n�c�e� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�i�l�l� �b�e� �r�a�t�i�n�g� �t�h�e� �C�W�L� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

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

�T�L�X� �r�a�t�i�n�g� �p�r�o�c�e�d�u�r�e� �m�i�g�h�t� �b�e� �a� �s�o�u�r�c�e� �o�f� �C�W�L� �i�n� �i�t�s�e�l�f�.� �T�h�i�s� �w�o�u�l�d� �p�o�t�e�n�t�i�a�l�l�y� �c�r�e�a�t�e� 

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

�U�s�e� �o�f� �S�W�A�T� �i�n� �t�h�e� �t�r�a�c�k�i�n�g�-�p�r�i�m�a�r�y�/�S�t�e�r�n�b�e�r�g�-�s�e�c�o�n�d�a�r�y� �t�a�s�k� �p�a�r�a�d�i�g�m� �h�a�s� �b�e�e�n� 

�d�o�c�u�m�e�n�t�e�d� �i�n� �s�e�v�e�r�a�l� �s�t�u�d�i�e�s� �(�e�.�g�.�,� �R�e�i�n�h�a�r�t� �e�t� �a�l�.�,� �W�i�c�k�e�n�s� �e�t� �a�l�.�)�.� �C�o�m�p�e�n�s�a�t�o�r�y� 

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

�(�J�e�x�,� �1�9�8�8�)�.� 

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

�w�o�r�k�l�o�a�d� �b�y� �r�e�d�u�c�i�n�g� �S�T�M� �d�e�m�a�n�d�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �s�t�i�m�u�l�u�s� �c�l�a�s�s� �a�s� 

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

�q�u�a�l�i�t�a�t�i�v�e�l�y� �c�o�m�p�a�r�e�d� �m�e�m�o�r�y� �l�o�a�d�i�n�g� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �s�t�i�m�u�l�u�s� �c�l�a�s�s�.� �A� �t�r�a�c�k�i�n�g�-� 

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

�T�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t� �u�t�i�l�i�z�e�d� �a� �s�i�n�g�l�e� �t�a�s�k� �-�-� �a� �m�o�d�i�f�i�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �S�t�e�r�n�b�e�r�g� 

�p�a�r�a�d�i�g�m� �-�-� �t�o� �l�o�a�d� �S�T�M�.� �W�i�t�h�i�n� �t�h�e� �a�v�i�a�t�i�o�n� �c�o�n�t�e�x�t� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n�,� �t�h�e� 

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



�E�X�P�E�R�I�M�E�N�T� �1� 

�O�b�j�e�c�t�i�v�e�s� 

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

�d�i�f�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�s�s�i�n�g� �e�f�f�i�c�i�e�n�c�y� �c�o�n�c�e�p�t�.� �T�h�e� �o�b�j�e�c�t�i�v�e�s� �w�e�r�e� �(�1�)� �t�o� �c�o�m�p�a�r�e� �S�T�M� 

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

�f�e�a�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �S�W�A�T� �a�s� �a� �s�u�b�j�e�c�t�i�v�e� �m�e�t�h�o�d� �o�f� �a�s�s�e�s�s�i�n�g� �C�W�L�,� �a�n�d� �(�3�)� �t�o� �d�e�s�c�r�i�b�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�u�b�j�e�c�t�i�v�e� �(�S�W�A�T�)� �a�n�d� �o�b�j�e�c�t�i�v�e� �(�r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �a�n�d� 

�e�r�r�o�r�)� �m�e�a�s�u�r�e�s�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �T�a�s�k�s� 

�A� �s�u�b�s�i�d�i�a�r�y� �d�u�a�l�-�t�a�s�k� �p�a�r�a�d�i�g�m� �w�a�s� �e�m�p�l�o�y�e�d�.� �T�h�e� �p�r�i�m�a�r�y� �t�a�s�k� �w�a�s� �o�n�e�-�a�x�i�s� �f�i�r�s�t�-� 

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

�g�u�i�d�e�l�i�n�e�s� �f�o�r� �u�s�i�n�g� �t�h�i�s� �t�a�s�k� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �P�o�u�l�t�o�n� �(�1�9�7�4�;� �s�e�e� �u�s�e� �b�y� �R�e�i�n�h�a�r�t� �e�t� �a�l�.�,� 

�1�9�8�8�)� �a�n�d� �J�e�x� �(�1�9�8�8�)�.� �R�M�S� �e�r�r�o�r� �o�r� �t�h�e� �a�m�o�u�n�t� �o�f� �t�r�a�c�k�i�n�g� �d�e�v�i�a�t�i�o�n� �f�r�o�m� �t�a�r�g�e�t� �o�v�e�r� 

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

�S�t�e�r�n�b�e�r�g ��s� �t�w�o�-�c�h�o�i�c�e� �r�e�a�c�t�i�o�n�-�t�i�m�e� �p�a�r�a�d�i�g�m� �w�a�s� �e�m�p�l�o�y�e�d�.� �W�i�c�k�e�n�s� �e�t� �a�l�.� �(�1�9�8�6�)� 

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

�1�.� �M�i�n�i�m�i�z�e� �p�e�r�i�p�h�e�r�a�l� �i�n�p�u�t�-�o�u�t�p�u�t� �d�e�l�a�y�s� �(�e�.�g�.�,� �p�r�e�s�e�n�t� �a� �f�i�x�a�t�i�o�n� �c�r�o�s�s� �p�r�i�o�r� �t�o� �t�r�i�a�l�,� 

�k�e�e�p� �f�i�n�g�e�r�s� �o�n� �r�e�s�p�o�n�s�e� �k�e�y�s�)�;� 

�A�v�o�i�d� �u�s�i�n�g� �M�S�E�T� �s�i�z�e�s� �o�f� �o�n�e� �o�r� �g�r�e�a�t�e�r� �t�h�a�n� �f�o�u�r� �o�r� �f�i�v�e�;� 

�A�v�o�i�d� �u�s�i�n�g� �s�a�m�e� �M�S�E�T� �f�o�r� �m�o�r�e� �t�h�a�n� �2�0�-�3�0� �c�o�n�s�e�c�u�t�i�v�e� �t�r�i�a�l�s�;� 

�V�a�r�y� �M�S�E�T� �s�i�z�e�s� �r�e�g�u�l�a�r�l�y� �t�o� �a�v�o�i�d� �p�r�a�c�t�i�c�e� �a�n�d� �f�a�t�i�g�u�e� �e�f�f�e�c�t�s�;� 

�C�o�l�l�e�c�t� �d�a�t�a� �f�r�o�m� �m�u�l�t�i�p�l�e� �s�u�b�j�e�c�t�s�;� �a�n�d� 
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�A�v�o�i�d� �e�x�t�r�e�m�e� �l�o�a�d�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� 
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�F�o�r� �t�h�e� �c�u�r�r�e�n�t� �e�x�p�e�r�i�m�e�n�t�,� �r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �v�a�r�i�o�u�s� �M�S�E�T� �s�i�z�e�s� 

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

�t�r�a�c�k�i�n�g� �t�a�s�k�.� �S�W�A�T� �w�a�s� �u�s�e�d� �a�s� �a� �s�e�c�o�n�d� �m�e�a�s�u�r�e� �o�f� �s�p�a�r�e� �c�a�p�a�c�i�t�y� �g�i�v�e�n� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� 

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

�M�e�t�h�o�d�o�l�o�g�y� 

�R�e�s�e�a�r�c�h� �p�a�r�t�i�c�i�p�a�n�t�s� �a�n�d� �t�h�e� �s�e�l�e�c�t�i�o�n� �p�r�o�c�e�s�s�.� �T�e�n� �m�a�l�e� �s�t�u�d�e�n�t�s�,� �a�g�e�d� �b�e�t�w�e�e�n� �2�0� 

�a�n�d� �2�7� �y�e�a�r�s�,� �f�r�o�m� �t�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� �c�o�m�m�u�n�i�t�y� �w�e�r�e� �r�e�c�r�u�i�t�e�d� �f�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �E�a�c�h� 

�w�a�s� �p�a�i�d� �$�2�5� �f�o�r� �h�i�s� �p�a�r�t�i�c�i�p�a�t�i�o�n�.� �A�l�l� �p�a�r�t�i�c�i�p�a�n�t�s� �s�i�g�n�e�d� �a�n� �i�n�f�o�r�m�e�d� �c�o�n�s�e�n�t� �c�o�n�t�r�a�c�t� 

�(�s�e�e� �A�p�p�e�n�d�i�x� �A�)� �a�n�d� �u�n�d�e�r�w�e�n�t� �a� �t�w�o�-�p�a�r�t� �s�c�r�e�e�n�i�n�g� �p�r�o�c�e�d�u�r�e�.� �T�h�e� �f�i�r�s�t� �p�a�r�t� �t�e�s�t�e�d� �f�o�r� 

�c�o�n�t�r�a�s�t� �s�e�n�s�i�t�i�v�i�t�y� �u�s�i�n�g� �t�h�e� �V�i�s�t�e�c�h� �V�i�s�i�o�n� �C�o�n�t�r�a�s�t� �T�e�s�t� �S�y�s�t�e�m�.� �T�h�e� �c�r�i�t�e�r�i�o�n� �f�o�r� �t�h�i�s� 

�t�e�s�t� �w�a�s� �a� �n�o�r�m�a�l� �o�r� �c�o�r�r�e�c�t�e�d� �S�n�e�l�l�e�n� �a�c�u�i�t�y� �o�f� �2�0�/�2�5� �o�r� �b�e�t�t�e�r�.� �T�h�e� �s�e�c�o�n�d� �p�a�r�t� �t�e�s�t�e�d� �f�o�r� 

�c�o�l�o�r� �d�e�f�i�c�i�e�n�c�y� �u�s�i�n�g� �t�h�e� �D�v�o�r�i�n�e� �p�s�e�u�d�o�-�i�s�o�c�h�r�o�m�a�t�i�c� �p�l�a�t�e�s� �(�D�v�o�r�i�n�e�,� �1�9�5�3�)�.� �T�h�i�s� �t�e�s�t� 

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

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

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

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

�A�p�p�a�r�a�t�u�s� �a�n�d� �s�t�i�m�u�l�u�s�.� �A�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� �d�a�t�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �a�n� �I�B�M� �P�S�/�2� 

�M�o�d�e�l� �8�0� �m�i�c�r�o�c�o�m�p�u�t�e�r�.� �T�h�i�s� �m�a�c�h�i�n�e� �h�a�s� �a�n� �8�0�3�8�6� �2�0�-�M�h�z� �p�r�o�c�e�s�s�o�r� �a�n�d� �a�n� �8�0�3�8�7� 

�2�0�-�M�h�z� �c�o�p�r�o�c�e�s�s�o�r�.� �T�h�e� �d�i�s�p�l�a�y� �u�s�e�d� �f�o�r� �p�r�e�s�e�n�t�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�i�m�u�l�i� �w�a�s� �a�n� �I�B�M� 

�P�S�/�2� �8�5�1�4� �d�i�r�e�c�t�-�d�r�i�v�e� �a�n�a�l�o�g� �c�o�l�o�r� �d�i�s�p�l�a�y�.� �I�t� �h�a�d� �a� �m�a�x�i�m�u�m� �a�d�d�r�e�s�s�a�b�i�l�i�t�y� �o�f� �1�0�2�4� �x� 

�7�6�8� �p�i�x�e�l�s� �(�.�2�8� �m�m� �d�o�t� �p�i�t�c�h�)� �c�o�v�e�r�i�n�g� �a�n� �a�c�t�i�v�e� �d�i�a�g�o�n�a�l� �o�f� �3�5� �c�m�.� 

�T�h�e� �c�o�m�p�u�t�e�r� �s�c�r�e�e�n� �w�a�s� �t�i�l�t�e�d� �b�a�c�k�w�a�r�d�s� �1�5� �d�e�g� �f�r�o�m� �t�h�e� �v�e�r�t�i�c�a�l� �p�l�a�n�e� �(�1�.�e�.�,� �v�i�e�w�i�n�g� 

�a�n�g�l�e� �w�a�s� �1�5� �d�e�g� �b�e�l�o�w� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �p�l�a�n�e� �p�a�s�s�i�n�g� �t�h�r�o�u�g�h� �t�h�e� �e�y�e�s�)� �a�n�d� �i�t�s� �c�e�n�t�e�r� �w�a�s



�3�9� 

�p�o�s�i�t�i�o�n�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�5� �c�m� �f�r�o�m� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s �� �e�y�e�s�.� �S�c�r�e�e�n� �c�e�n�t�e�r� �t�o� �f�l�o�o�r� �l�e�v�e�l� 

�w�a�s� �1�0�0� �c�m� �w�h�i�l�e� �s�c�r�e�e�n� �c�e�n�t�e�r� �t�o� �t�a�b�l�e� �l�e�v�e�l� �w�a�s� �2�8� �c�m�.� 

�A� �t�w�o�-�a�x�i�s� �i�s�o�m�e�t�r�i�c� �j�o�y�s�t�i�c�k� �(�M�e�a�s�u�r�e�m�e�n�t� �S�y�s�t�e�m�s�,� �M�o�d�e�l� �4�6�2�)� �w�a�s� �u�s�e�d� �a�s� �t�h�e� 

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

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

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

�i�n�d�e�x� �a�n�d� �m�i�d�d�l�e� �f�i�n�g�e�r�s� �w�e�r�e� �u�s�e�d� �t�o� �g�i�v�e� �t�h�e�  ��Y�E�S �� �a�n�d�  ��N�O �� �r�e�s�p�o�n�s�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�e� �S�W�A�T� �c�a�r�d� �s�o�r�t� �w�a�s� �c�o�m�p�l�e�t�e�d� �v�i�a� �p�a�p�e�r� �a�n�d� �p�e�n�c�i�l�.� �A�p�p�e�n�d�i�x� �B� �p�r�e�s�e�n�t�s� �t�h�e� 

�i�n�s�t�r�u�c�t�i�o�n�s� �u�s�e�d� �f�o�r� �t�h�i�s� �p�r�o�c�e�d�u�r�e�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �S�W�A�T� �s�c�a�l�e� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� 

�u�s�i�n�g� �s�o�f�t�w�a�r�e� �s�u�p�p�l�i�e�d� �b�y� �R�e�i�d� �e�t� �a�l�.� �(�1�9�8�9�)�.� 

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

�V�e�r�s�i�o�n� �5�.�1�0�)� �a�n�d� �t�h�e� �H�A�L�O�  ��8�8� �G�r�a�p�h�i�c�s� �K�e�r�n�e�l� �S�y�s�t�e�m� �(�M�e�d�i�a� �C�y�b�e�r�n�e�t�i�c�s�,� �V�e�r�s�i�o�n� 

�3�.�0�)�.� �F�i�g�u�r�e� �7� �i�s� �a� �s�n�a�p�s�h�o�t� �o�f� �a� �t�y�p�i�c�a�l� �e�x�p�e�r�i�m�e�n�t�a�l� �t�r�i�a�l�.� �T�h�e� �t�r�a�c�k�i�n�g� �t�a�s�k� �c�o�m�p�o�n�e�n�t�s� 

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

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

�s�e�c�o�n�d�a�r�y� �t�a�s�k� �s�t�i�m�u�l�i� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�t� �a� �c�o�n�s�t�a�n�t� �8� �c�m� �a�b�o�v�e� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �d�i�s�p�l�a�y�.� 

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

�c�o�l�o�r�s�,� �a�n�d� �w�o�r�d�s�.� �F�i�g�u�r�e� �8� �i�s� �a� �l�i�s�t� �o�f� �t�h�e� �i�t�e�m�s� �u�s�e�d�.� �A�l�l� �c�l�a�s�s�e�s� �w�e�r�e� �r�e�s�t�r�i�c�t�e�d� �t�o� �e�i�g�h�t� 

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

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

�M�o�n�t�a�g�u�e� �(�1�9�6�9�)� �n�o�r�m�s� �f�o�r� �v�e�r�b�a�l� �i�t�e�m�s�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �d�i�m�e�n�s�i�o�n� �u�s�e�d� �w�a�s� �f�a�m�i�l�i�a�r�i�t�y�.� 

�O�n�l�y� �m�o�n�o�s�y�l�l�a�b�l�e� �f�o�u�r�-�l�e�t�t�e�r� �w�o�r�d�s� �w�e�r�e� �u�s�e�d�.
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�F�i�g�u�r�e� �7�.� �E�x�p�e�r�i�m�e�n�t� �1�:� �S�n�a�p�s�h�o�t� �o�f� �a� �T�y�p�i�c�a�l� �T�r�i�a�l�.
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�L�e�t�t�e�r�s� �A� �B� �C� �D� �E� �F� �G� �4�H� 

�D�i�g�i�t�s� �1� �2� �3� �4� �5� �6� �7� �8� 

�C�o�l�o�r�s� �"�R�e�d�"� �"�B�l�u�e�"� �"�G�r�e�e�n�"� �"�P�i�n�k�"� 

�"�W�h�i�t�e�"� �"�G�r�a�y�"� �"�P�u�r�p�l�e�"� �"�Y�e�l�l�o�w�"� 

�W�o�r�d�s� �H�A�N�D� �~ �� �G�I�R�L� �K�I�T�E� �S�H�O�E� 

�D�O�O�R� �R�O�A�D� �B�A�L�L� �F�R�O�G� 

�S�H�A�P�E�S� �[� �J�\� �C�)� 
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�F�i�g�u�r�e� �8�.� �E�x�p�e�r�i�m�e�n�t� �1�:� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �I�t�e�m�s�.



�4�2� 

�D�e�s�i�g�n� �a�n�d� �P�r�o�c�e�d�u�r�e� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �2� �h�r�,� �i�n� �w�h�i�c�h� �t�h�e� �f�i�r�s�t� �h�o�u�r� �w�a�s� �d�e�v�o�t�e�d� �t�o� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �S�W�A�T� �s�c�a�l�e� 

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

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

�l�a�s�t�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1� �h�r� �e�a�c�h�.� 

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

�a�d�m�i�n�i�s�t�e�r�e�d� �c�o�n�c�u�r�r�e�n�t�l�y� �w�i�t�h� �t�h�e� �s�e�c�o�n�d�a�r�y� �t�a�s�k�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �R�M�S�-�e�r�r�o�r� �e�q�u�a�t�i�o�n� 

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

�R�M�S� �e�r�r�o�r� �=� �[�Z�(�X�-�X�,�)�2�/�N�]�1�2� �(�1�)� 

�w�h�e�r�e�:� �X� �1�s� �t�h�e� �c�u�r�s�o�r� �o�r� �o�p�e�r�a�t�o�r� �t�r�a�c�k�i�n�g� �p�o�s�i�t�i�o�n�;� 

�X�t� �i�s� �t�h�e� �t�a�r�g�e�t� �p�o�s�i�t�i�o�n�;� �a�n�d� 

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

�T�h�e� �S�t�e�r�n�b�e�r�g� �s�e�c�o�n�d�a�r�y� �t�a�s�k� �u�s�e�d� �M�S�E�T� �s�i�z�e�s� �o�f� �t�w�o�,� �t�h�r�e�e�,� �f�o�u�r�,� �a�n�d� �f�i�v�e� 

�n�o�n�r�e�p�e�a�t�i�n�g� �i�t�e�m�s�.� �M�S�E�T� �s�i�z�e� �a�n�d� �s�t�i�m�u�l�u�s� �c�l�a�s�s� �v�a�r�i�e�d� �r�a�n�d�o�m�l�y� �f�r�o�m� �t�r�i�a�l� �t�o� �t�r�i�a�l�.� �T�h�e� 

�p�r�o�b�e� �p�r�o�b�a�b�i�l�i�t�y� �(�i�.�e�.�,� �p�e�r�c�e�n�t� �o�f� �t�r�i�a�l�s� �w�h�e�r�e� �p�a�r�t�i�c�i�p�a�n�t�s� �r�e�s�p�o�n�d�e�d�  ��Y�E�S ��)� �w�a�s� �s�e�t� �a�t� 

�5�0�%�.� �P�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �p�r�o�b�e�s�,� �t�h�e�r�e�f�o�r�e�,� �a�p�p�e�a�r�e�d� �e�q�u�a�l�l�y� �o�f�t�e�n�.� �A� �t�y�p�i�c�a�l� �t�r�i�a�l� 

�s�e�q�u�e�n�c�e� �o�c�c�u�r�r�e�d� �a�s� �f�o�l�l�o�w�s�.� �T�h�e� �t�r�a�c�k�i�n�g� �t�a�s�k� �w�a�s� �i�n�i�t�i�a�t�e�d� �a�n�d� �1�0�s� �a�f�t�e�r�w�a�r�d�s� �a� 

�f�i�x�a�t�i�o�n� �c�r�o�s�s�h�a�i�r� �a�p�p�e�a�r�e�d� �f�o�r� �1� �s� �s�i�g�n�a�l�l�i�n�g� �t�h�a�t� �t�h�e� �M�S�E�T� �i�t�e�m�s� �w�e�r�e� �a�b�o�u�t� �t�o� �a�p�p�e�a�r�.� 

�T�h�e� �M�S�E�T� �i�t�e�m�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�t� �a� �r�a�t�e� �o�f� �1�.�5� �s� �e�a�c�h� �(�8�0�%� �d�u�t�y�-�c�y�c�l�e�)�.� �A�f�t�e�r� �o�f�f�s�e�t� �o�f� 

�t�h�e� �l�a�s�t� �i�t�e�m�,� �t�h�e�r�e� �w�a�s� �a� �2� �s� �i�n�t�e�r�v�a�l� �a�n�d� �t�h�e� �p�r�o�b�e� �i�t�e�m� �w�a�s� �p�r�e�s�e�n�t�e�d�.� �P�a�r�t�i�c�i�p�a�n�t�s� �t�h�e�n� 

�g�a�v�e� �t�h�e�i�r�  ��Y�E�S�/�N�O �� �r�e�s�p�o�n�s�e� �w�h�i�c�h� �t�e�r�m�i�n�a�t�e�d� �t�h�e� �t�r�a�c�k�i�n�g� �t�a�s�k�.� �T�h�e� �t�i�m�e� �(�i�n� �m�s�)� �f�r�o�m� 

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



�4�3� 

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

�N�o� �t�i�m�e� �l�i�m�i�t� �w�a�s� �s�e�t� �f�o�r� �p�a�r�t�i�c�i�p�a�n�t�s� �t�o� �g�i�v�e� �t�h�e�i�r� �S�W�A�T� �r�a�t�i�n�g�s�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �S�W�A�T� �r�a�t�i�n�g�s�,� �a�  ��R�E�A�D�Y �� �s�i�g�n�a�l� �a�p�p�e�a�r�e�d� �o�n� �t�h�e� �s�c�r�e�e�n� �a�n�d� 

�p�a�r�t�i�c�i�p�a�n�t�s� �p�r�e�s�s�e�d� �a�  ��Y�E�S �� �k�e�y� �t�o� �i�n�i�t�i�a�t�e� �t�h�e� �n�e�x�t� �t�r�i�a�l�.� �T�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �g�i�v�e�n� �t�o� 

�p�a�r�t�i�c�i�p�a�n�t�s� �a�r�e� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �C�.� 

�E�a�c�h� �p�a�r�t�i�c�i�p�a�n�t� �r�e�c�e�i�v�e�d� �4�0�0� �t�r�i�a�l�s� �(�4� �M�S�E�T� �s�i�z�e�s� �x� �5� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s� �x� �2� �p�r�o�b�e� �t�y�p�e�s� 

�x� �1�0� �r�e�p�l�i�c�a�t�i�o�n�s�)� �d�i�v�i�d�e�d� �i�n�t�o� �b�l�o�c�k�s� �o�f� �4�0� �t�r�i�a�l�s� �e�a�c�h�.� �T�h�e� �f�i�r�s�t� �t�w�o� �b�l�o�c�k�s� �s�e�r�v�e�d� �a�s� 

�p�r�a�c�t�i�c�e�.� �A�c�t�u�a�l� �d�a�t�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �o�n� �t�h�e� �n�e�x�t� �e�i�g�h�t� �b�l�o�c�k�s�.� �T�w�o� �b�l�o�c�k�s� �w�e�r�e� �r�u�n� �p�e�r� 

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

�t�h�e�r�e�f�o�r�e�,� �a� �t�o�t�a�l� �o�f� �f�i�v�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�e�s�s�i�o�n�s�.� �M�a�n�d�a�t�o�r�y� �5�-�m�i�n� �r�e�s�t� �b�r�e�a�k�s� �w�e�r�e� �i�m�p�o�s�e�d� 

�b�e�t�w�e�e�n� �b�l�o�c�k�s�.� 

�R�e�s�u�l�t�s� 

�I�n�i�t�i�a�l� �a�n�a�l�y�s�e�s� �f�o�c�u�s�e�d� �o�n� �t�h�e� �b�l�o�c�k� �(�o�r� �l�e�a�r�n�i�n�g�)� �e�f�f�e�c�t�.� �T�h�r�e�e� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� 

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

�C�l�a�s�s�,� �M�S�E�T� �S�i�z�e�,� �a�n�d� �P�r�o�b�e� �T�y�p�e�.� �T�a�b�l�e�s� �D�1� �t�o� �D�3� �p�r�e�s�e�n�t� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s� �o�f� �r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �(�R�L�)�,� �r�e�c�o�g�n�i�t�i�o�n� �e�r�r�o�r� �(�R�E�)�,� �a�n�d� �S�W�A�T� �R�a�t�i�n�g�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �B�l�o�c�k� �e�f�f�e�c�t� �i�s� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �o�f� �R�L� 

�[�F�(�7�,�6�3�)� �=� �7�.�4�3�,� �p� �<� �.�0�0�0�1�]� �a�n�d� �S�W�A�T� �R�a�t�i�n�g�s� �[�F�(�7�,�6�3�)� �=� �3�.�5�4�,� �p� �=� �.�0�0�2�8�]�,� �b�u�t� �n�o�t� �f�o�r� 

�R�E� �[�F�(�7�,�6�3�)� �=� �0�.�8�2�,� �p� �=� �.�5�7�8�8�]�.� �P�o�s�t� �h�o�c� �N�e�w�m�a�n�-�K�e�u�l�s� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �R�L� 

�a�n�d� �S�W�A�T� �R�a�t�i�n�g�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �m�e�a�n�s� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t� �(�s�e�e� �T�a�b�l�e� �D�4�)�.� 

�I�n� �g�e�n�e�r�a�l�,� �p�a�r�t�i�c�i�p�a�n�t�s� �r�e�s�p�o�n�d�e�d� �f�a�s�t�e�r� �a�n�d� �g�a�v�e� �l�o�w�e�r� �S�W�A�T� �R�a�t�i�n�g�s� �a�s� �t�h�e�y� �w�e�n�t� 

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

�s�t�a�b�i�l�i�z�e� �a�f�t�e�r� �B�l�o�c�k� �s�e�v�e�n�.� �T�h�e� �m�e�a�n� �v�a�l�u�e�s� �f�o�r� �B�l�o�c�k�s� �s�e�v�e�n� �t�h�r�o�u�g�h� �t�e�n� �a�r�e� �n�o�t� 

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



�i�n�c�l�u�d�e� �B�l�o�c�k� �a�s� �o�n�e� �o�f� �i�t�s� �v�a�r�i�a�b�l�e�s� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �b�e�y�o�n�d� �t�h�e� �.�0�5� �l�e�v�e�l� �f�o�r� �a�l�l� �t�h�r�e�e� 

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

�c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �S�t�i�m�u�l�u�s� �C�l�a�s�s�,� �M�S�E�T� �S�i�z�e�,� �a�n�d� �P�r�o�b�e� �T�y�p�e�.� 

�T�w�o� �A�N�O�V�A�s� �f�o�r� �R�L� �a�n�d� �S�W�A�T� �R�a�t�i�n�g�s� �w�e�r�e� �r�u�n� �u�s�i�n�g� �t�h�e� �d�a�t�a� �f�r�o�m� �B�l�o�c�k�s� �s�e�v�e�n� 

�t�h�r�o�u�g�h� �t�e�n� �o�n�l�y� �(�s�e�e� �T�a�b�l�e�s� �D�5� �a�n�d� �D�6�)�.� �N�o� �m�a�i�n� �o�r� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t� �i�n�v�o�l�v�i�n�g� �t�h�e� 

�B�l�o�c�k� �f�a�c�t�o�r� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �b�e�y�o�n�d� �t�h�e� �.�0�6� �l�e�v�e�l�.� �T�h�e�s�e� �d�a�t�a�,� �t�h�e�r�e�f�o�r�e�,� �r�e�p�r�e�s�e�n�t� �a� �m�o�r�e� 

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

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

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

�P�r�i�m�a�r�y� �t�a�s�k� �p�e�r�f�o�r�m�a�n�c�e�.� �A� �f�i�v�e� �x� �f�o�u�r� �x� �t�w�o� �A�N�O�V�A� �(�S�t�i�m�u�l�u�s� �C�l�a�s�s� �b�y� �M�S�E�T� 

�S�i�z�e� �b�y� �P�r�o�b�e� �T�y�p�e�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�o� �a�s�s�e�s�s� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �s�e�c�o�n�d�a�r�y� �t�a�s�k� 

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

�w�e�r�e� �t�h�e� �p�r�i�m�a�r�y�-�t�a�s�k� �R�M�S� �t�r�a�c�k�i�n�g� �p�e�r�f�o�r�m�a�n�c�e� �c�o�m�p�u�t�e�d� �u�s�i�n�g� �E�q�u�a�t�i�o�n� �1�.� �T�h�e� �r�e�s�u�l�t�s� 

�a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �D�7�.� �N�o� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �d�e�g�r�e�e� �o�f� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �R�M�S� �t�r�a�c�k�i�n�g� 

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

�S�e�c�o�n�d�a�r�y� �t�a�s�k� �p�e�r�f�o�r�m�a�n�c�e�.� �A� �f�i�v�e� �x� �f�o�u�r� �x� �t�w�o� �A�N�O�V�A� �(�S�t�i�m�u�l�u�s� �C�l�a�s�s� �b�y� 

�M�S�E�T� �S�i�z�e� �b�y� �P�r�o�b�e� �T�y�p�e�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �S�t�e�r�n�b�e�r�g� �t�a�s�k� �R�L� �(�s�e�e� �T�a�b�l�e� �D�8�)�.� �A�l�l� 

�t�h�r�e�e� �m�a�i�n� �e�f�f�e�c�t�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�:� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �[�F�(�4�,�3�6�)� �=� �1�6�.�6�4�,� �p� �<� �.�0�0�0�1�]�,� �M�S�E�T� 

�S�i�z�e� �[�F� �(�3�,�2�7�)� �=� �8�.�6�2�,� �p� �=� �.�0�0�0�4�)�,� �a�n�d� �P�r�o�b�e� �T�y�p�e� �[�F�(�1�,�9�)� �=� �4�.�4�4�,� �p� �=� �.�0�0�0�4�]�.� �P�o�s�t� �h�o�c� 

�N�e�w�m�a�n�-�K�e�u�l�s� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �a�n�d� �M�S�E�T� �S�i�z�e� �e�f�f�e�c�t�s� �t�o� 

�d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �l�e�v�e�l�s� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t�.� �T�a�b�l�e�s� �D�9� �a�n�d� �D�1�0� �p�r�e�s�e�n�t� �t�h�e� �r�e�s�u�l�t�s� 

�o�f� �t�h�e�s�e� �a�n�a�l�y�s�e�s�.� �A�v�e�r�a�g�e� �R�L� �r�a�n�g�e�d� �f�r�o�m� �7�8�0� �m�s� �t�o� �9�9�7� �m�s� �w�i�t�h� �D�i�g�i�t�s� �a�n�d� �S�h�a�p�e�s� 

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

�d�i�f�f�e�r�e�n�t� �a�r�e� �b�e�t�w�e�e�n� �D�i�g�i�t�s� �a�n�d� �W�o�r�d�s�.



�4�5� 

�T�h�e� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �b�y� �M�S�E�T� �S�i�z�e� �e�f�f�e�c�t� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �[�F�(�1�2�,�1�0�8�)� �=� �4�.�1�2�,� �p� �<� �.�0�0�0�1�]�.� 

�F�i�g�u�r�e� �9� �g�r�a�p�h�i�c�a�l�l�y� �p�r�e�s�e�n�t�s� �t�h�i�s� �e�f�f�e�c�t�.� �S�i�m�p�l�e�-�e�f�f�e�c�t�s� �F�-�t�e�s�t�s� �a�n�d� �N�e�w�m�a�n�-�K�e�u�l�s� �t�e�s�t�s� 

�w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �M�S�E�T� �S�i�z�e�s� �w�i�t�h� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �h�e�l�d� �c�o�n�s�t�a�n�t�.� �F�o�r� �t�h�e� �C�l�a�s�s�e�s� �o�f� 

�D�i�g�i�t�s�,� �W�o�r�d�s�,� �a�n�d� �L�e�t�t�e�r�s�,� �n�o� �M�S�E�T� �S�i�z�e� �m�e�a�n�s� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �o�n�e� 

�a�n�o�t�h�e�r�.� 

�L�e�a�s�t�-�s�q�u�a�r�e�s� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n�s� �w�e�r�e� �f�i�t�t�e�d� �t�o� �e�a�c�h� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �a�t� �t�h�e� �f�o�u�r� �M�S�E�T� 

�S�i�z�e�s�.� �F�i�g�u�r�e� �1�0� �s�h�o�w�s� �t�h�e�s�e� �f�i�t�s� �a�n�d� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s�.� �A�l�l� �p�a�i�r�s� �o�f� �s�l�o�p�e�s� �(�1�0� 

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

�d�e�s�c�r�i�b�e�d� �b�y� �N�e�t�e�r� �a�n�d� �W�a�s�s�e�r�m�a�n� �(�1�9�7�4�,� �p�.� �1�6�6�)�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �w�a�s� �u�s�e�d�:� 

�P�1�-� �p�2� �=� �(�b�y� �-� �b�z�)� �+� �t�(�1� �-� �~�/�2�;� �n�y� �+� �n�z� �-� �4�)�s�(�b�]� �-� �b�z�)� �,� �(�2�)� 

�w�h�e�r�e�:� �p�j� �-� �p�2� �r�e�f�e�r� �t�o� �t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �c�o�n�f�i�d�e�n�c�e� �l�i�m�i�t�s�;� 

�b�y� �a�n�d� �b�2� �a�r�e� �t�h�e� �s�l�o�p�e�s� �t�o� �b�e� �t�e�s�t�e�d�;� 

�e�<� �1�s� �t�h�e� �c�u�t�-�o�f�f� �p�o�i�n�t� �f�o�r� �s�t�a�t�i�s�t�i�c�a�l� �s�i�g�n�i�f�i�c�a�n�c�e�;� 

�n�,� �a�n�d� �n�2� �a�r�e� �t�h�e� �s�a�m�p�l�e� �s�i�z�e�s�;� �a�n�d� 

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

�T�h�i�s� �t�e�s�t� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�w�o� �s�l�o�p�e�s� �(�H�o�:� �b�j� �=� �b�a�;� 

�H�y�:� �b�y� �#� �b�2�)�.� 

�R�e�s�u�l�t�s� �o�f� �t�h�e� �s�l�o�p�e� �t�e�s�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �D�1�2�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �a�n�y� �t�w�o� 

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

�r�a�n�g�e� �d�i�d� �n�o�t� �s�p�a�n� �z�e�r�o�)� �w�a�s� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�.� �S�l�o�p�e�s� �f�o�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �C�l�a�s�s� �p�a�i�r�s� 

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

�c�o�m�p�a�r�i�s�o�n�s�,� �i�t� �c�a�n� �b�e� �s�a�i�d� �w�i�t�h� �9�5�%� �c�o�n�f�i�d�e�n�c�e� �t�h�a�t� �a�s� �M�S�E�T� �S�i�z�e� �i�n�c�r�e�a�s�e�,� �R�L� �i�n�c�r�e�a�s�e� 

�a�t� �a� �S�t�a�t�i�s�t�i�c�a�l�l�y� �f�a�s�t�e�r� �r�a�t�e� �f�o�r� �o�n�e� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r�.
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�F�i�g�u�r�e� �9�.� �E�x�p�e�r�i�m�e�n�t� �1�:� �S�e�c�o�n�d�a�r�y� �T�a�s�k� �R�e�c�o�g�n�i�t�i�o�n� �L�a�t�e�n�c�y� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �S�t�i�m�u�l�u�s� 
�C�l�a�s�s� �b�y� �M�e�m�o�r�y�-�S�e�t� �S�i�z�e� �(�p� �<� �.�0�0�0�1�)�.� �D�a�t�a� �c�o�l�l�a�p�s�e�d� �o�v�e�r� �P�r�o�b�e� �T�y�p�e� �w�i�t�h� �N� 
�=� �1�0�.� �+� �O�n�e� �S�t�a�n�d�a�r�d� �E�r�r�o�r� �B�a�r�s� �s�h�o�w�n�.� 
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�M�e�m�o�r�y�-�S�e�t� �S�i�z�e� � � � � 

� � 

�F�i�g�u�r�e� �1�0�.� �E�x�p�e�r�i�m�e�n�t� �1�:� �L�e�a�s�t�-�S�q�u�a�r�e�s� �L�i�n�e�a�r� �R�e�g�r�e�s�s�i�o�n�s� �f�i�t�t�e�d� �t�o� �t�h�e� �f�i�v�e� �S�t�i�m�u�l�u�s� 
�C�l�a�s�s�e�s�.� �3�2�0� �d�a�t�a� �p�o�i�n�t�s� �w�e�r�e� �u�s�e�d� �i�n� �e�a�c�h� �R�e�g�r�e�s�s�i�o�n�.
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�T�h�e� �M�S�E�T� �S�i�z�e� �b�y� �P�r�o�b�e� �T�y�p�e� �e�f�f�e�c�t� �o�n� �R�L� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �[�F�(�3�,�2�7�)� �=� �3�.�4�1�,� �p� �=� �.�0�3�1�5�]�.� 

�T�h�i�s� �e�f�f�e�c�t� �i�s� �g�r�a�p�h�i�c�a�l�l�y� �p�o�r�t�r�a�y�e�d� �i�n� �F�i�g�u�r�e� �1�1�.� �A�s� �F�i�g�u�r�e� �1�1� �s�h�o�w�s�,� �n�e�g�a�t�i�v�e� �(�i�-�e�.�,� 

�a�b�s�e�n�t�)� �p�r�o�b�e�s� �e�l�i�c�i�t�e�d� �l�o�n�g�e�r� �a�v�e�r�a�g�e� �R�L�s� �t�h�a�n� �p�o�s�i�t�i�v�e� �o�r� �p�r�e�s�e�n�t� �p�r�o�b�e�s�,� �e�x�c�e�p�t� �f�o�r� �t�h�e� 

�M�S�E�T� �S�i�z�e� �o�f� �t�w�o�.� �A�l�s�o� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�1� �i�s� �t�h�e� �t�e�s�t� �o�f� �d�i�f�f�e�r�e�n�t� �s�l�o�p�e�s� �f�o�r� �p�r�e�s�e�n�t� �a�n�d� 

�a�b�s�e�n�t� �p�r�o�b�e�s� �(�E�q�u�a�t�i�o�n� �2� �w�a�s� �u�s�e�d� �f�o�r� �t�h�i�s� �t�e�s�t�)�.� �T�h�e� �a�b�s�e�n�c�e� �o�f� �a� �s�i�g�n� �c�h�a�n�g�e� �a�c�r�o�s�s� �t�h�e� 

�c�o�n�f�i�d�e�n�c�e� �l�i�m�i�t�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �s�l�o�p�e�s� �a�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t�.� �A�s� �M�S�E�T� �S�i�z�e� 

�i�n�c�r�e�a�s�e�s�,� �R�L� �i�n�c�r�e�a�s�e�s� �a�t� �a� �f�a�s�t�e�r� �r�a�t�e� �f�o�r� �a�b�s�e�n�t� �p�r�o�b�e�s� �t�h�a�n� �f�o�r� �p�r�e�s�e�n�t� �p�r�o�b�e�s� �-�-� �t�h�i�s� 

�c�o�n�c�u�r�s� �w�i�t�h� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �M�S�E�T� �S�i�z�e� �b�y� �P�r�o�b�e� �T�y�p�e� �e�f�f�e�c�t� �f�i�n�d�i�n�g�.� 

�T�h�e� �a�v�e�r�a�g�e� �R�E� �a�c�r�o�s�s� �a�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �w�a�s� �3�.�3�7�5�%�.� �R�e�s�u�l�t�s� �o�f� �a� �t�h�r�e�e�-� 

�w�a�y� �A�N�O�V�A� �(�S�t�i�m�u�l�u�s� �C�l�a�s�s� �b�y� �M�S�E�T� �S�i�z�e� �b�y� �P�r�o�b�e� �T�y�p�e�)� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�i�s� �d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �D�1�3�.� �T�h�e� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �m�a�i�n� �e�f�f�e�c�t� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �F�(�4�,�3�6�)� 

�=� �2�.�2�1�,� �p� �=� �.�0�8�6�8�.� �F�i�g�u�r�e� �1�2� �g�r�a�p�h�i�c�a�l�l�y� �p�o�r�t�r�a�y�s� �t�h�i�s� �e�f�f�e�c�t�.� �W�o�r�d� �t�r�i�a�l�s� �i�n�c�u�r�r�e�d� �t�h�e� 

�f�e�w�e�s�t� �i�n�c�o�r�r�e�c�t� �r�e�s�p�o�n�s�e�s� �w�h�i�l�e� �S�h�a�p�e� �t�r�i�a�l�s� �i�n�c�u�r�r�e�d� �t�h�e� �m�o�s�t�.� �C�o�m�p�a�r�i�n�g� �T�a�b�l�e� �D�9� �t�o� 

�F�i�g�u�r�e� �1�2�,� �t�h�e� �o�b�t�a�i�n�e�d� �r�e�l�a�t�i�o�n� �o�f� �i�n�c�r�e�a�s�i�n�g� �R�E� �a�c�r�o�s�s� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �p�a�r�a�l�l�e�l�s� �t�h�a�t� �f�o�r� 

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

�f�o�r� �t�h�e� �D�i�g�i�t�s�/�W�o�r�d�s� �r�e�v�e�r�s�a�l�.� �P�a�r�t�i�c�i�p�a�n�t�s� �r�e�s�p�o�n�d�e�d� �q�u�i�c�k�e�r� �t�o� �D�i�g�i�t�s� �t�h�a�n� �t�o� �W�o�r�d�s�,� �b�u�t� 

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

�T�h�e� �t�h�r�e�e�-�w�a�y� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �b�y� �M�S�E�T� �S�i�z�e� �b�y� �P�r�o�b�e� �T�y�p�e� �e�f�f�e�c�t� �o�n� �R�E� �i�s� �s�i�g�n�i�f�i�c�a�n�t� 

�[�F�(�1�2�,�1�0�8�)� �=� �1�.�8�4�,� �p� �=� �.�0�5�0�7�]�.� �T�h�i�s� �e�f�f�e�c�t� �i�s� �g�r�a�p�h�i�c�a�l�l�y� �p�o�r�t�r�a�y�e�d� �i�n� �F�i�g�u�r�e� �1�3�.� �T�h�e� 

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

�R�E�s� �a�t� �o�r� �v�e�r�y� �c�l�o�s�e� �t�o� �z�e�r�o�.� 

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

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

�p�e�r�f�o�r�m�i�n�g� �a� �s�e�r�i�e�s� �o�f� �a�x�i�o�m� �t�e�s�t�s� �o�n� �t�h�e� �r�a�n�k�i�n�g�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �a�n�a�l�y�s�i�s� �a�r�e� �s�h�o�w�n
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�v�a�l�u�e�s� �a�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� �2�.� 

�A� �f�i�v�e� �x� �f�o�u�r� �x� �t�w�o� �A�N�O�V�A� �(�S�t�i�m�u�l�u�s� �C�l�a�s�s� �x� �M�S�E�T� �S�i�z�e� �x� �P�r�o�b�e� �T�y�p�e�)� �w�a�s� 

�p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �r�e�s�c�a�l�e�d�,� �i�n�t�e�r�v�a�l�-�l�e�v�e�l� �S�W�A�T� �R�a�t�i�n�g�s� �(�s�e�e� �T�a�b�l�e� �D�1�4�)�.� �T�w�o� �m�a�i�n� 

�e�f�f�e�c�t�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�:� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �[�F�(�4�,�3�6�)� �=� �1�3�.�5�8�,� �p� �<� �.�0�0�0�1�)� �a�n�d� �M�S�E�T� �S�i�z�e� 

�[�F�(�3�,�2�7�)� �=� �4�1�.�0�7�,� �p� �<� �.�0�0�0�1�]�.� �P�o�s�t� �h�o�c� �N�e�w�m�a�n�-�K�e�u�l�s� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �b�o�t�h� 

�e�f�f�e�c�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �l�e�v�e�l�s� �a�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t�.� �T�a�b�l�e�s� �D�1�5� �a�n�d� �D�1�6� �s�h�o�w� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �a�n�a�l�y�s�e�s� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�v�e�r�a�g�e� �S�W�A�T� �R�a�t�i�n�g�s�.� �F�o�r� �t�h�e� �S�t�i�m�u�l�u�s� 

�C�l�a�s�s� �e�f�f�e�c�t�,� �m�e�a�n� �S�W�A�T� �R�a�t�i�n�g�s� �r�a�n�g�e� �f�r�o�m� �1�8�.�6�2� �t�o� �3�1�.�0�0�.� �O�n�l�y� �t�h�e� �r�a�t�i�n�g�s� �b�e�t�w�e�e�n� 

�C�o�l�o�r�s� �a�n�d� �W�o�r�d�s� �a�r�e� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t�.� �F�o�r� �t�h�e� �M�S�E�T� �S�i�z�e� �e�f�f�e�c�t�,� �m�e�a�n� �S�W�A�T� 

�R�a�t�i�n�g�s� �r�a�n�g�e� �f�r�o�m� �6�.�0�6� �t�o� �4�3�.�7�0�,� �a�n�d� �a�l�l� �m�e�a�n�s� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �o�n�e� 

�a�n�o�t�h�e�r�.� 

�T�h�e� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �b�y� �M�S�E�T� �S�i�z�e� �e�f�f�e�c�t� �a�l�s�o� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �[�F�(�1�2�,�1�0�8�)� �=� �3�.�1�9�,� �p� �=� 

�.�0�0�0�6�;� �s�e�e� �F�i�g�u�r�e� �1�4�]�.� �S�i�m�p�l�e�-�e�f�f�e�c�t�s� �F�-�t�e�s�t�s� �a�n�d� �N�e�w�m�a�n�-�K�e�u�l�s� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� 

�t�h�e� �M�S�E�T� �S�i�z�e�s� �w�i�t�h� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �h�e�l�d� �c�o�n�s�t�a�n�t�.� �T�a�b�l�e� �D�1�7� �p�r�e�s�e�n�t�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� 

�t�e�s�t�s� �f�o�r� �a�l�l� �f�i�v�e� �S�t�i�m�u�l�u�s� �C�l�a�s�s�e�s�.� �T�h�e� �M�S�E�T� �S�i�z�e� �e�f�f�e�c�t�s� �a�r�e� �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�t� �p� �<� 

�0�0�0�1� �f�o�r� �a�l�l� �C�l�a�s�s�e�s�.� �A�l�l� �t�h�e� �M�S�E�T� �S�i�z�e� �m�e�a�n�s� �f�o�r� �a�l�l� �S�t�i�m�u�l�u�s� �C�l�a�s�s�e�s� �a�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �o�n�e� �a�n�o�t�h�e�r�.
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�E�x�p�e�r�i�m�e�n�t� �1�:� �R�e�s�u�l�t�s� �o�f� �S�W�A�T� �C�o�n�j�o�i�n�t� �A�n�a�l�y�s�i�s� �a�n�d� �I�n�t�e�r�v�a�l�-�L�e�v�e�l� �R�e�s�c�a�l�e�d� �V�a�l�u�e�s� �f�o�r� 
�a� �G�r�o�u�p� �S�o�l�u�t�i�o�n� 

�K�e�n�d�a�l�l ��s� �W� �0�.�8�0�2�3� 
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�M�e�m�o�r�y�-�S�e�t� �S�i�z�e� � � � � 

�F�i�g�u�r�e� �1�4�.� �E�x�p�e�r�i�m�e�n�t� �1�:� �S�e�c�o�n�d�a�r�y� �T�a�s�k� �S�W�A�T� �R�a�t�i�n�g�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �S�t�i�m�u�l�u�s� �C�l�a�s�s� 
�b�y� �M�e�m�o�r�y�-�S�e�t� �S�i�z�e� �(�p� �=� �.�0�0�0�6�)�.� �D�a�t�a� �c�o�l�l�a�p�s�e�d� �o�v�e�r� �P�r�o�b�e� �T�y�p�e� �w�i�t�h� �N� �=� 
�1�0�.� �+� �O�n�e� �S�t�a�n�d�a�r�d� �E�r�r�o�r� �B�a�r�s� �s�h�o�w�n�.



�5�5� 

�L�e�a�s�t�-�s�q�u�a�r�e�s� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n�s� �w�e�r�e� �c�o�m�p�u�t�e�d� �f�o�r� �e�a�c�h� �S�t�i�m�u�l�u�s� �C�l�a�s�s� �a�c�r�o�s�s� �t�h�e� 

�M�S�E�T� �S�i�z�e�s�.� �T�h�e� �o�b�t�a�i�n�e�d� �s�l�o�p�e� �c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �w�e�r�e� �t�h�e�n� �p�a�i�r�-� 

�w�i�s�e� �c�o�m�p�a�r�e�d� �f�o�r� �s�t�a�t�i�s�t�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �u�s�i�n�g� �E�q�u�a�t�i�o�n� �2�.� �I�n� �a�l�l�,� �t�h�e�r�e� �w�e�r�e� �1�0� �p�a�i�r�-�w�i�s�e� 

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

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �D�1�8�.� �F�o�r� �a�n�y� �c�o�m�p�a�r�i�s�o�n� �w�h�o�s�e� �c�o�n�f�i�d�e�n�c�e� �l�i�m�i�t�s� �d�i�d� �n�o�t� �s�p�a�n� �z�e�r�o�,� 

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

�L�e�t�t�e�r�s�-�S�h�a�p�e�s�,� �D�i�g�i�t�s�-�C�o�l�o�r�s�,� �D�i�g�i�t�s�-�S�h�a�p�e�s�,� �W�o�r�d�s�-�S�h�a�p�e�s�.� 

�T�h�e� �d�e�g�r�e�e� �o�f� �a�s�s�o�c�i�a�t�i�o�n� �a�m�o�n�g� �S�W�A�T� �R�a�t�i�n�g�s�,� �R�L�,� �a�n�d� �M�S�E�T� �S�i�z�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� 

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

�i�n� �T�a�b�l�e� �D�1�9�.� �T�h�e� �h�i�g�h�e�s�t� �c�o�r�r�e�l�a�t�i�o�n� �i�s� �b�e�t�w�e�e�n� �S�W�A�T� �R�a�t�i�n�g�s� �a�n�d� �M�S�E�T� �S�i�z�e� 

�(�c�o�e�f�f�i�c�i�e�n�t� �o�f� �0�.�6�7�5�7�)�,� �w�h�i�l�e� �t�h�e� �l�o�w�e�s�t� �c�o�r�r�e�l�a�t�i�o�n� �i�s� �b�e�t�w�e�e�n� �R�L� �a�n�d� �M�S�E�T� �S�i�z�e� 

�(�c�o�e�f�f�i�c�i�e�n�t� �o�f� �0�.�2�3�5�8�)�.� �R�L� �a�n�d� �S�W�A�T� �R�a�t�i�n�g�s� �c�o�r�r�e�l�a�t�e� �a�t� �0�.�3�6�1�4�.� �A�l�l� �c�o�r�r�e�l�a�t�i�o�n� 

�c�o�e�f�f�i�c�i�e�n�t�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� �.�0�0�0�1�.� 

�D�i�s�c�u�s�s�i�o�n� 

�E�x�p�e�r�i�m�e�n�t� �1� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �a�n�d� �q�u�a�l�i�t�a�t�i�v�e�l�y� �c�o�m�p�a�r�e�d� �m�e�m�o�r�y� �l�o�a�d�i�n�g� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� 

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

�r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �a�n�d� �e�r�r�o�r�,� �w�h�i�l�e� �S�W�A�T� �p�r�o�v�i�d�e�d� �a� �q�u�a�l�i�t�a�t�i�v�e� �m�e�a�s�u�r�e� �o�f� �c�o�g�n�i�t�i�v�e� 

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

�a�l�s�o� �t�h�e� �M�S�E�T� �s�i�z�e� �s�l�o�p�e� �f�o�r� �R�L� �-�-� �w�a�s� �o�b�t�a�i�n�e�d�:� �d�i�g�i�t�s� �<� �w�o�r�d�s� �<� �l�e�t�t�e�r�s� �<� �c�o�l�o�r�s� �<� 

�g�e�o�m�e�t�r�i�c�a�l� �s�h�a�p�e�s� �(�s�e�e� �F�i�g�u�r�e� �1�5�)�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �f�o�r� �r�a�t�e� �o�f� �i�n�c�r�e�a�s�e� �i�n� �S�W�A�T� �r�a�t�i�n�g�s� 

�-�-� �w�h�i�c�h� �i�s� �t�h�e� �M�S�E�T� �s�i�z�e� �s�l�o�p�e� �f�o�r� �S�W�A�T� �r�a�t�i�n�g�s� �-�-� �w�a�s�:� �d�i�g�i�t�s� �<� �l�e�t�t�e�r�s� �<� �w�o�r�d�s� �<� �c�o�l�o�r�s� 

�<� �g�e�o�m�e�t�r�i�c�a�l� �s�h�a�p�e�s� �(�s�e�e� �F�i�g�u�r�e� �1�6�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �s�h�o�w�n� �i�n� �t�h�e�s�e� �f�i�g�u�r�e�s� �a�r�e� 

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

�s�t�i�m�u�l�u�s� �c�l�a�s�s�,� �M�S�E�T� �s�i�z�e�,� �a�n�d� �p�r�o�b�e� �t�y�p�e�.� �T�h�e�y� �a�r�e�,� �t�h�e�r�e�f�o�r�e�,� �s�t�a�b�l�e�.
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�R�e�f�e�r�r�i�n�g� �t�o� �T�a�b�l�e�s� �D�9� �a�n�d� �D�1�0�,� �R�L� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s� �a�n�d� �M�S�E�T� 

�s�i�z�e�s� �w�e�r�e� �c�o�n�s�i�d�e�r�a�b�l�e� �i�n� �s�o�m�e� �c�a�s�e�s� �(�2�1�7� �m�s� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �d�i�g�i�t�s� �a�n�d� �s�h�a�p�e�s�;� �1�6�3� 

�m�s� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �M�S�E�T� �s�i�z�e�s� �t�w�o� �a�n�d� �f�i�v�e�)�.� �W�i�t�h�i�n� �e�a�c�h� �s�t�i�m�u�l�u�s� �c�l�a�s�s�,� �d�i�f�f�e�r�e�n�c�e�s� 

�a�m�o�n�g� �M�S�E�T� �s�i�z�e�s� �w�e�r�e� �l�a�r�g�e�r� �f�o�r� �t�h�e� �c�l�a�s�s�e�s� �w�i�t�h� �l�o�n�g�e�r� �a�v�e�r�a�g�e� �R�L�s� �(�s�e�e� �T�a�b�l�e� �D�1� �1�)�.� 

�T�h�e� �c�r�u�c�i�a�l� �s�t�i�m�u�l�u�s� �c�l�a�s�s� �R�L� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �b�e� �s�e�e�n� �b�e�s�t� �t�h�r�o�u�g�h� �F�i�g�u�r�e� �1�0� �a�n�d� �T�a�b�l�e� 

�D�1�2�.� �B�o�t�h� �p�o�r�t�r�a�y� �d�i�f�f�e�r�e�n�t�i�a�l� �i�n�c�r�e�a�s�e�s� �i�n� �R�L� �a�c�r�o�s�s� �s�t�i�m�u�l�u�s� �c�l�a�s�s� �f�o�r� �e�a�c�h� �a�d�d�i�t�i�o�n�a�l� 

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

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

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �1�s� �t�h�a�t� �t�h�e�s�e� �c�l�a�s�s� �p�a�i�r�s�,� �e�s�p�e�c�i�a�l�l�y�,� �m�e�r�i�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �w�h�e�n� �o�p�t�i�m�i�z�i�n�g� 

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

�R�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �s�u�b�j�e�c�t�i�v�e� �d�a�t�a� �d�e�m�o�n�s�t�r�a�t�e� �S�W�A�T� �t�o� �b�e� �a� �s�e�n�s�i�t�i�v�e� �t�o�o�l� �f�o�r� �a�s�s�e�s�s�i�n�g� 

�d�i�f�f�e�r�e�n�t�i�a�l� �m�e�m�o�r�y� �l�o�a�d�i�n�g� �a�c�r�o�s�s� �s�t�i�m�u�l�u�s� �c�l�a�s�s� �a�n�d� �M�S�E�T� �s�i�z�e� �(�s�e�e� �T�a�b�l�e�s� �D�1�5� �a�n�d� 

�D�1�6�)�,� �a�t� �l�e�a�s�t� �i�n� �a� �l�a�b�o�r�a�t�o�r�y� �e�n�v�i�r�o�n�m�e�n�t�.� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �T�a�b�l�e�s� �D�1�1� �a�n�d� �D�1�7� �r�e�v�e�a�l�s� 

�t�h�a�t� �S�W�A�T� �i�s�,� �i�n� �f�a�c�t�,� �a� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o�o�]� �t�h�a�n� �t�h�e� �R�L� �a�n�d� �R�E� �m�e�a�s�u�r�e�s� �o�b�t�a�i�n�e�d� �u�s�i�n�g� 

�t�h�e� �S�t�e�r�n�b�e�r�g� �p�a�r�a�d�i�g�m�.� �A�l�l� �M�S�E�T� �s�i�z�e�s� �a�c�r�o�s�s� �a�l�l� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� 

�d�i�f�f�e�r�e�n�t� �i�n� �t�e�r�m�s� �o�f� �S�W�A�T� �r�a�t�i�n�g�s�.� �A�s� �w�a�s� �t�h�e� �c�a�s�e� �f�o�r� �R�L�,� �t�h�e� �l�a�r�g�e�s�t� �s�l�o�p�e� �d�i�f�f�e�r�e�n�c�e�s� 

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

�l�a�r�g�e�s�t� �p�r�o�c�e�s�s�i�n�g� �r�a�t�e�s� �(�s�e�e� �T�a�b�l�e� �D�1�8�)�.� �A�g�a�i�n�,� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �i�s� �t�h�a�t� �t�h�e�s�e� �c�l�a�s�s�e�s�,� 

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

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

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

�o�r� �c�o�l�o�r�s�,� �b�u�t� �t�h�e�y� �g�a�v�e� �h�i�g�h�e�r� �S�W�A�T� �r�a�t�i�n�g�s� �f�o�r� �w�o�r�d�s�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �w�o�r�d� 

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

�i�m�p�o�r�t�a�n�c�e� �o�f� �e�m�p�l�o�y�i�n�g� �t�w�o� �o�r� �m�o�r�e� �a�s�s�e�s�s�m�e�n�t� �c�a�t�e�g�o�r�i�e�s� �i�n� �C�W�L� �r�e�s�e�a�r�c�h�.� �A�t� �i�s�s�u�e� �i�s� 

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

�(�Y�e�h� �a�n�d� �W�i�c�k�e�n�s�,� �1�9�8�8�)�.� �T�h�i�s� �s�t�a�t�e�m�e�n�t� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �f�i�n�d�i�n�g� �t�h�a�t� �R�L� �a�n�d� �S�W�A�T� 

�r�a�t�i�n�g�s� �c�o�r�r�e�l�a�t�e�d� �a�t� �o�n�l�y� �0�.�2�9�2�4�.� �S�t�a�t�e�d� �d�i�f�f�e�r�e�n�t�l�y�,� �t�h�e� �u�s�e� �o�f� �e�i�t�h�e�r� �m�e�a�s�u�r�e� �t�o� �p�r�e�d�i�c�t� �t�h�e� 

�o�t�h�e�r� �w�o�u�l�d� �b�e� �s�u�c�c�e�s�s�f�u�l� �a�t� �a� �r�a�t�e� �o�f� �o�n�l�y� �8�.�5�5�%�.� �R�L� �a�n�d� �S�W�A�T� �r�a�t�i�n�g�s�,� �t�h�e�r�e�f�o�r�e�,� 

�r�e�v�e�a�l� �d�i�f�f�e�r�e�n�t� �f�a�c�e�t�s� �o�f� �t�h�e� �s�a�m�e� �p�h�e�n�o�m�e�n�a� �(�i�.�e�.�,� �S�T�M� �p�r�o�c�e�s�s�e�s�)�.� �G�i�v�e�n� �t�h�e� �e�m�p�h�a�s�i�s� 

�o�n� �b�o�t�h� �r�e�s�p�o�n�s�e� �t�i�m�e� �a�n�d� �C�W�L� �i�n� �a�v�i�a�t�i�o�n� �o�p�e�r�a�t�i�o�n�s�,� �c�r�e�w� �s�t�a�t�i�o�n� �d�i�s�p�l�a�y� �d�e�s�i�g�n� 

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

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

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

�r�e�c�o�g�n�i�t�i�o�n� �e�r�r�o�r� �e�x�c�e�p�t� �f�o�r� �t�h�e� �d�i�g�i�t�s�/�w�o�r�d�s� �r�e�v�e�r�s�a�l� �(�c�o�m�p�a�r�e� �F�i�g�u�r�e�s� �1�2� �a�n�d� �1�5�)�,� �t�h�i�s� 

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

�a�n�o�t�h�e�r�.� �T�h�e� �n�o�n�s�i�g�n�i�f�i�c�a�n�t� �M�S�E�T� �s�i�z�e� �e�f�f�e�c�t� �i�s� �e�x�p�e�c�t�e�d� �s�i�n�c�e� �t�h�e� �s�i�z�e�s� �u�s�e�d� �d�i�d� �n�o�t� 

�e�x�c�e�e�d� �t�h�e� �g�e�n�e�r�a�l�l�y� �a�c�c�e�p�t�e�d� �7�+�2� �l�i�m�i�t�.� 

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

�e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n� �(�s�e�e� �T�a�b�l�e� �D�7�)�.� �T�h�i�s� �f�i�n�d�i�n�g� �i�s� �s�o�m�e�w�h�a�t� �s�u�r�p�r�i�s�i�n�g� �c�o�n�s�i�d�e�r�i�n�g� 

�t�h�e� �u�n�f�a�v�o�r�a�b�l�e� �i�n�t�r�u�s�i�o�n� �e�f�f�e�c�t�s� �r�e�p�o�r�t�e�d� �b�y� �s�o�m�e� �r�e�s�e�a�r�c�h�e�r�s� �(�e�.�g�.�,� �E�g�g�e�m�e�i�e�r�,� �1�9�8�8�;� 

�R�e�i�n�h�a�r�t� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�i�s� �a�u�t�h�o�r� �e�x�p�e�c�t�e�d� �s�o�m�e� �i�n�t�r�u�s�i�o�n� �d�i�f�f�e�r�e�n�c�e�s� �a�t� �l�e�a�s�t� �b�e�t�w�e�e�n� �t�h�e� 

�s�m�a�l�l�e�s�t� �a�n�d� �l�a�r�g�e�s�t� �M�S�E�T� �s�i�z�e�s�.� �T�w�o� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �o�f� �t�h�i�s� �f�i�n�d�i�n�g� �s�e�e�m� �p�l�a�u�s�i�b�l�e�.� �F�i�r�s�t�,� 

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

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

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

�p�e�r�f�o�r�m�a�n�c�e� �i�s� �s�a�t�i�s�f�a�c�t�o�r�y� �a�n�d� �d�o� �n�o�t� �s�a�c�r�i�f�i�c�e� �a�c�c�u�r�a�c�y� �f�o�r� �s�p�e�e�d�)�.� �S�e�c�o�n�d�,� �p�e�r�h�a�p�s� �t�h�e� 

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

�S�T�M� �o�r� �c�h�a�n�n�e�l� �c�a�p�a�c�i�t�y�.� �T�h�i�s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �f�i�n�d�i�n�g� �o�f� �n�o� �d�i�f�f�e�r�e�n�c�e�s
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�i�n� �r�e�c�o�g�n�i�t�i�o�n� �e�r�r�o�r� �a�c�r�o�s�s� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�.� �I�n� �e�i�t�h�e�r� �c�a�s�e�,� �t�h�e� �c�o�n�c�l�u�s�i�o�n�s� 

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

�L�e�a�d�-�i�n� �t�o� �E�x�p�e�r�i�m�e�n�t� �2� 

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

�c�l�a�s�s� �o�n�l�y� �w�e�r�e� �h�e�l�d� �i�n� �S�T�M�.� �E�x�p�e�r�i�m�e�n�t� �2� �e�x�t�e�n�d�e�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �t�o� �a� �t�a�s�k� �c�o�n�t�e�x�t� �i�n� 

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

�e�x�p�e�r�i�m�e�n�t� �i�s� �a�s� �f�o�l�l�o�w�s�.� �C�o�n�s�i�d�e�r�i�n�g� �B�a�d�d�e�l�e�y ��s� �(�1�9�8�4�)� �w�o�r�k�i�n�g� �m�e�m�o�r�y� �m�o�d�e�l� �a�n�d� 

�W�i�c�k�e�n�s� �(�1�9�8�0�)� �m�u�l�t�i�p�l�e� �r�e�s�o�u�r�c�e� �t�h�e�o�r�y�,� �S�T�M� �r�e�s�o�u�r�c�e�s� �a�r�e� �d�e�v�o�t�e�d� �t�o� �r�e�t�a�i�n�i�n�g� �a�n�d� 

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

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

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

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

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

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

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

�s�c�h�e�m�e�.� �B�e�c�a�u�s�e� �b�o�t�h� �r�e�s�o�u�r�c�e� �p�o�o�l�s� �a�r�e� �t�h�o�u�g�h�t� �t�o� �b�e� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �a�v�a�i�l�a�b�l�e�,� �S�T�M�-� 

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

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

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

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

�r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �f�o�r� �a�n� �M�S�E�T� �s�i�z�e� �o�f� �s�i�x� �s�h�o�u�l�d� �b�e� �s�h�o�r�t�e�r� �i�f� �t�h�e� �i�t�e�m�s� �c�o�n�s�i�s�t� �o�f�,� �f�o�r� 

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

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

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

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

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

�T�h�e� �r�e�s�u�l�t�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �1� �a�r�e� �c�i�t�e�d� �i�n� �s�u�p�p�o�r�t� �o�f� �t�h�e� �a�b�o�v�e� �h�y�p�o�t�h�e�s�i�s�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� 

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

�(�r�e�f�e�r� �t�o� �T�a�b�l�e� �D�9�)�.� �B�e�c�a�u�s�e� �c�o�n�c�u�r�r�e�n�t� �p�e�r�f�o�r�m�a�n�c�e� �o�n� �t�h�e� �p�r�i�m�a�r�y� �t�r�a�c�k�i�n�g� �t�a�s�k� �r�e�q�u�i�r�e�d� 

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

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

�l�o�n�g�e�r� �R�L�.� �A�s� �f�u�r�t�h�e�r� �e�v�i�d�e�n�c�e�,� �c�o�n�t�r�a�s�t� �C�a�v�a�n�a�g�h ��s� �(�1�9�7�2�)� �a�n�d� �B�r�o�w�n� �a�n�d� �K�i�r�s�n�e�r ��s� 

�(�1�9�8�0�)� �r�e�s�u�l�t�s� �w�i�t�h� �t�h�a�t� �o�f� �E�x�p�e�r�i�m�e�n�t� �1� �o�f� �t�h�i�s� �s�t�u�d�y� �(�c�o�m�p�a�r�e� �F�i�g�u�r�e�s� �2� �t�o� �1�5�)�.� �T�h�e� �t�w�o� 

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

�e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �d�i�s�c�r�e�p�a�n�c�y� �i�s� �t�h�e� �f�o�l�l�o�w�i�n�g�.� �U�n�l�i�k�e� �t�h�i�s� �s�t�u�d�y�,� �C�a�v�a�n�a�g�h� �a�n�d� �B�r�o�w�n� 

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

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

�w�o�r�d�s�.� 

�T�h�e� �i�s�s�u�e� �i�s� �a�c�t�u�a�l�l�y� �m�o�r�e� �c�o�m�p�l�i�c�a�t�e�d� �b�e�c�a�u�s�e�,� �a�s� �E�x�p�e�r�i�m�e�n�t� �1� �d�e�m�o�n�s�t�r�a�t�e�d�,� �n�o�t� �a�l�l� 

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

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

�p�e�r�f�o�r�m�e�d�.� �N�o�t�e� �t�h�a�t� �C�a�v�a�n�a�g�h� �o�b�t�a�i�n�e�d� �a� �p�r�o�c�e�s�s�i�n�g� �r�a�t�e� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�5� �m�s�/�i�t�e�m� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �9�5� �m�s�/�i�t�e�m� �(�w�i�t�h� �a� �c�o�n�c�u�r�r�e�n�t� �s�p�a�t�i�a�l� �t�a�s�k�)�.



�E�X�P�E�R�I�M�E�N�T� �2� 

�E�x�p�e�r�i�m�e�n�t� �1� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�s�s�i�n�g� �e�f�f�i�c�i�e�n�c�y� �c�o�n�c�e�p�t� 

�f�o�r� �t�h�e� �c�a�s�e� �w�h�e�r�e� �i�t�e�m�s� �f�r�o�m� �o�n�e� �s�t�i�m�u�l�u�s� �c�l�a�s�s� �w�e�r�e� �h�e�l�d� �i�n� �S�T�M�.� �E�x�p�e�r�i�m�e�n�t� �2� �w�a�s� 

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

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

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

�O�b�j�e�c�t�i�v�e�,� �H�y�p�o�t�h�e�s�i�s�,� �a�n�d� �J�u�s�t�i�f�i�c�a�t�i�o�n� 

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

�c�l�a�s�s�e�s� �h�a�v�e� �t�o� �b�e� �p�r�o�c�e�s�s�e�d� �i�n� �S�T�M�.� �I�t� �i�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �s�o�m�e� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s� �s�h�o�u�l�d� 

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

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

�r�e�c�o�g�n�i�t�i�o�n� �t�a�s�k� �i�s� �b�a�s�e�d� �o�n� �B�a�d�d�e�l�e�y ��s� �(�1�9�8�4�)� �w�o�r�k�i�n�g� �m�e�m�o�r�y� �m�o�d�e�l�,� �W�i�c�k�e�n�s� �(�1�9�8�0�)� 

�m�u�l�t�i�p�l�e� �r�e�s�o�u�r�c�e� �t�h�e�o�r�y�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �1�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �T�a�s�k�s� 

�A� �d�e�p�a�r�t�u�r�e� �f�r�o�m� �t�h�e� �t�a�s�k� �p�r�o�c�e�d�u�r�e� �o�f� �E�x�p�e�r�i�m�e�n�t� �1� �w�a�s� �u�s�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� 

�S�p�e�c�i�f�i�c�a�l�l�y�,� �o�n�l�y� �o�n�e� �m�a�i�n� �t�a�s�k� �w�a�s� �u�s�e�d� �t�o� �l�o�a�d� �S�T�M�.� �A�n� �e�x�a�m�p�l�e� �t�r�i�a�l� �i�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �1�7�,� �i�n� �w�h�i�c�h� �a�n� �M�S�E�T� �s�i�z�e� �o�f� �e�i�g�h�t� �i�n�c�l�u�d�e�s� �f�o�u�r� �l�e�t�t�e�r�s� �a�n�d� �f�o�u�r� �s�h�a�p�e�s�.� �T�h�e� �i�t�e�m�s� 

�h�a�v�e� �b�e�e�n� �r�a�n�d�o�m�l�y� �p�o�s�i�t�i�o�n�e�d� �i�n�s�i�d�e� �a� �2�4� �c�m� �x� �2�0� �c�m� �r�e�c�t�a�n�g�l�e�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� 

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

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �M�S�E�T�.� �T�h�e� �S�W�A�T� �s�c�a�l�e� �w�a�s� �u�s�e�d� �a�s� �a� �s�u�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e� �o�f� �m�e�n�t�a�l� 

�l�o�a�d�i�n�g� �w�h�i�l�e� �r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �a�n�d� �e�r�r�o�r� �s�e�r�v�e�d� �a�s� �o�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e�s�.� 
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�F�i�g�u�r�e� �1�7�.� �E�x�p�e�r�i�m�e�n�t� �2�:� �A� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�t�i�m�u�l�u�s� �d�i�s�p�l�a�y� �c�o�n�t�a�i�n�i�n�g� �t�w�o� �s�t�i�m�u�l�u�s� 
�c�l�a�s�s�e�s� �(�l�e�t�t�e�r�s� �a�n�d� �s�h�a�p�e�s�)� �o�f� �f�o�u�r� �i�t�e�m�s� �e�a�c�h�.� �I�t�e�m�s� �a�p�p�e�a�r� �s�e�r�i�a�l�l�y� �a�t� �a� �r�a�t�e� �o�f� 
�1�.�5� �s� �e�a�c�h�.



�M�e�t�h�o�d�o�l�o�g�y� 

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

�e�m�p�l�o�y�e�d� �1�0� �m�a�l�e� �i�n�d�i�v�i�d�u�a�l�s�,� �a�g�e�d� �b�e�t�w�e�e�n� �2�0� �a�n�d� �2�7� �y�e�a�r�s�,� �s�o�l�i�c�i�t�e�d� �f�r�o�m� �t�h�e� �s�t�u�d�e�n�t� 

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

�o�f� �E�x�p�e�r�i�m�e�n�t� �1�.� �A�l�l� �u�n�d�e�r�w�e�n�t� �t�h�e� �s�a�m�e� �i�n�f�o�r�m�e�d� �c�o�n�s�e�n�t� �a�n�d� �s�c�r�e�e�n�i�n�g� �p�r�o�c�e�d�u�r�e�s� �a�s� �i�n� 

�E�x�p�e�r�i�m�e�n�t� �1�.� �A�p�p�e�n�d�i�x� �A� �p�r�e�s�e�n�t�s� �a� �c�o�p�y� �o�f� �t�h�e� �i�n�f�o�r�m�e�d� �c�o�n�s�e�n�t� �c�o�n�t�r�a�c�t� �s�i�g�n�e�d� �b�y� �a�l�l� 

�p�a�r�t�i�c�i�p�a�n�t�s�.� �A�l�l� �w�e�r�e� �p�a�i�d� �$�2�5� �f�o�r� �t�h�e�i�r� �i�m�e�.� �T�h�e� �s�a�m�e� �a�p�p�a�r�a�t�u�s�,� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s�,� �a�n�d� 

�s�t�i�m�u�l�u�s� �c�l�a�s�s� �i�t�e�m�s� �u�s�e�d� �i�n� �E�x�p�e�r�i�m�e�n�t� �1� �w�e�r�e� �e�m�p�l�o�y�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�t� �e�x�p�e�r�i�m�e�n�t� �(�s�e�e� 

�F�i�g�u�r�e� �8� �f�o�r� �s�t�i�m�u�l�u�s� �c�l�a�s�s� �i�t�e�m�s� �u�s�e�d�)�.� 

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

�s�e�s�s�i�o�n� �l�a�s�t�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2� �h�r�,� �w�i�t�h� �t�h�e� �f�i�r�s�t� �h�o�u�r� �d�e�v�o�t�e�d� �t�o� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �S�W�A�T� 

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

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

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

�M�S�E�T� �i�t�e�m�s� �f�o�r� �e�a�c�h� �t�r�i�a�l� �w�e�r�e� �s�e�l�e�c�t�e�d� �r�a�n�d�o�m�l�y� �f�r�o�m� �t�w�o� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s�,� �w�i�t�h� �t�w�o�,� 

�t�h�r�e�e�,� �o�r� �f�o�u�r� �i�t�e�m�s� �d�r�a�w�n� �f�r�o�m� �e�a�c�h� �c�l�a�s�s� �(�s�e�e� �F�i�g�u�r�e� �1�8� �f�o�r� �s�p�e�c�i�f�i�c� �c�l�a�s�s� �i�t�e�m� 

�c�o�m�b�i�n�a�t�i�o�n�s�)�.� �A�s� �F�i�g�u�r�e� �1�8� �s�h�o�w�s�,� �M�S�E�T� �s�i�z�e�s� �o�f� �e�i�t�h�e�r� �f�o�u�r� �(�2� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s� �x� �2� 

�i�t�e�m�s� �f�r�o�m� �e�a�c�h� �c�l�a�s�s�)�,� �s�i�x� �(�2� �x� �3�)�,� �o�r� �e�i�g�h�t� �(�2� �x� �4�)� �i�t�e�m�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �o�n� �a�n�y� �t�r�i�a�l�.� �O�v�e�r� 

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

�t�h�e� �p�r�o�b�e� �i�t�e�m� �w�a�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �M�S�E�T� �(�i�.�e�.�,� �p�r�o�b�e� �p�r�o�b�a�b�i�l�i�t�y� �w�a�s� �s�e�t� �a�t� �5�0�%�)�.� 

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

 ��Y�E�S �� �k�e�y� �o�n� �t�h�e� �r�e�s�p�o�n�s�e� �b�o�x�.� �I�m�m�e�d�i�a�t�e�l�y�,� �t�h�e� �M�S�E�T� �i�t�e�m�s� �b�e�g�a�n� �a�p�p�e�a�r�i�n�g� �a�t� �a� �r�a�t�e� 

�o�f� �1�.�5� �s� �e�a�c�h�.� �A�f�t�e�r� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �l�a�s�t� �i�t�e�m�,� �t�h�e�r�e� �w�a�s� �a� �2�-�s� �d�e�l�a�y� �a�n�d�,� �t�h�e�n�,� �t�h�e� �p�r�o�b�e� 

�i�t�e�m� �w�a�s� �s�h�o�w�n�.� �P�a�r�t�i�c�i�p�a�n�t�s� �p�r�e�s�s�e�d� �e�i�t�h�e�r� �t�h�e�  ��Y�E�S �� �o�r�  ��N�O �� �k�e�y� �t�o� �i�n�d�i�c�a�t�e� �w�h�e�t�h�e�r
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�N�u�m�b�e�r� �o�f� �P�r�o�b�e� �1�s� 
�C�l�a�s�s� �E�l�e�m�e�n�t�s� �f�r�o�m� �P�r�e�s�e�n�t� 
�C�o�m�p�a�r�i�s�o�n� �E�a�c�h� �C�l�a�s�s� �P�r�o�b�e� �i�s� �a� �o�r� �A�b�s�e�n�t� 

�L�e�t�t�e�r�s� �v�s�.� �D�i�g�i�t�s� �2� �L�e�t�t�e�r� �P�r�e�s�e�n�t� 
�L�D� �A�b�s�e�n�t� 

 � � �� �D�i�g�i�t� �P�r�e�s�e�n�t� 
�L�D� �a�b�s�e�n�t� 

�3� �L�e�t�t�e�r� �P�r�e�s�e�n�t� 
�D�L� �a�b�s�e�n�t� 

�D�i�g�i�t� �P�r�e�s�e�n�t� 
�D�D� �b�s�e�n�t� 

�4� �L�e�t�t�e�r� �P�r�e�s�e�n�t� 
�~ �� �L ��a�b�s�e�n�t� 

 � � �� �D�i�g�i�t� �P�r�e�s�e�n�t� 
 �� �L�a�b�s�e�n�t� 

�L�e�t�t�e�r�s� �v�s�.� �C�o�l�o�r�s�  �� 

�L�e�t�t�e�r�s� �v�s�.� �W�o�r�d�s�  � �� 

�L�e�t�t�e�r�s� �v�s�.� �S�h�a�p�e�s�  � �� 
�.� �T�h�e� �s�a�m�e� �C�l�a�s�s� �I�t�e�m� 

�D�i�g�i�t�s� �v�s�.� �C�o�l�o�r�s�  � �� 
�_�.� �C�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �u�s�e�d� �h�e�r�e� 

�D�i�g�i�t�s� �v�s�.� �W�o�r�d�s� 
�.� �a�s� �f�o�r� �t�h�e� �a�b�o�v�e� 

�D�i�g�i�t�s� �v�s�.� �S�h�a�p�e�s�  � �� 
�L�e�t�t�e�r�s� �v�s�.� �D�i�g�i�t�s� �C�o�m�p�a�r�i�s�o�n� 

�C�o�l�o�r�s� �v�s�.� �W�o�r�d�s�  � �� 

�C�o�l�o�r�s� �v�s�.� �S�h�a�p�e�s�  � �� 

�W�o�r�d�s� �v�s�.� �S�h�a�p�e�s�  �� � � 
�F�i�g�u�r�e� �1�8�.� �E�x�p�e�r�i�m�e�n�t� �2�:� �C�l�a�s�s� �I�t�e�m� �c�o�m�b�i�n�a�t�i�o�n� �u�s�e�d� �i�n� �e�a�c�h� �C�l�a�s�s�-�C�o�m�p�a�r�i�s�o�n�.
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�t�h�e� �p�r�o�b�e� �w�a�s� �p�a�r�t� �o�f� �t�h�e� �M�S�E�T�.� �T�h�e� �t�i�m�e� �f�r�o�m� �p�r�o�b�e� �o�n�s�e�t� �t�o� �r�e�s�p�o�n�s�e� �c�o�n�s�t�i�t�u�t�e�d� 

�r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �(�R�L�)�.� �A�f�t�e�r� �g�i�v�i�n�g� �t�h�e�i�r� �r�e�s�p�o�n�s�e�,� �t�h�e� �S�W�A�T� �d�i�m�e�n�s�i�o�n�s� �a�p�p�e�a�r�e�d� �a�n�d� 

�p�a�r�t�i�c�i�p�a�n�t�s� �r�a�t�e�d� �t�h�e� �a�m�o�u�n�t� �o�f� �C�W�L� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �t�i�a�l�.� �P�a�r�t�i�c�i�p�a�n�t� 

�i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �a�r�e� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �E�.� 

�F�i�g�u�r�e� �1�8� �a�l�s�o� �s�h�o�w�s� �t�h�e� �1�2� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �w�e�r�e� �r�u�n� �f�o�r� �e�a�c�h� �c�l�a�s�s�-�p�a�i�r� �c�o�m�p�a�r�i�s�o�n�.� 

�W�i�t�h� �1�0� �c�l�a�s�s�-�p�a�i�r� �c�o�m�p�a�r�i�s�o�n�s�,� �t�h�e�r�e� �w�a�s� �a� �t�o�t�a�l� �o�f� �1�2�0� �(�1�2� �x� �1�0�)� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� 

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

�r�e�p�l�i�c�a�t�i�o�n� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �a� �d�i�f�f�e�r�e�n�t� �d�a�y�.� �T�h�u�s�,� �t�h�e�r�e� �w�e�r�e� �4�8�0� �(�1�2�0� �x� �4�)� �t�r�i�a�l�s� �f�o�r� 

�e�a�c�h� �p�a�r�t�i�c�i�p�a�n�t�.� 

�R�e�s�u�l�t�s� 

�C�a�r�d� �s�o�r�t� �d�a�t�a� �a�n�a�l�y�s�e�s�.� �A�s� �i�n� �E�x�p�e�r�i�m�e�n�t� �1�,� �t�h�e� �c�a�r�d� �s�o�r�t� �d�a�t�a� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�e�r�e� 

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

�r�e�s�c�a�l�e�d� �v�a�l�u�e�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �2�7� �o�r�d�i�n�a�l� �r�a�n�k�i�n�g�s�.� �R�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �a�n�a�l�y�s�e�s� �a�r�e� �g�i�v�e�n� �i�n� 

�T�a�b�l�e� �3�.� �T�h�e� �o�b�t�a�i�n�e�d� �K�e�n�d�a�l�l ��s� �W� �o�f� �0�.�8�8�3�4� �i�n�d�i�c�a�t�e�s� �c�o�n�s�i�d�e�r�a�b�l�e� �a�g�r�e�e�m�e�n�t� �a�m�o�n�g� 

�p�a�r�t�i�c�i�p�a�n�t�s� �a�s� �t�o� �t�h�e� �p�r�i�o�r�i�t�y� �g�i�v�e�n� �t�o� �t�h�e� �t�h�r�e�e� �S�W�A�T� �d�i�m�e�n�s�i�o�n�s�.� �M�o�r�e�o�v�e�r�,� �s�i�n�c�e� �t�h�e�r�e� 

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

�w�a�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �a�n�a�l�y�s�e�s�.� 

�A�s� �i�n� �E�x�p�e�r�i�m�e�n�t� �1�,� �i�n�i�t�i�a�l� �d�a�t�a� �a�n�a�l�y�s�e�s� �c�e�n�t�e�r�e�d� �o�n� �t�h�e� �e�f�f�e�c�t�s� �o�f� �l�e�a�r�n�i�n�g� �o�v�e�r� �t�h�e� 

�f�o�u�r� �b�l�o�c�k�s� �o�f� �t�r�i�a�l�s�.� �T�h�e� �B�l�o�c�k� �e�f�f�e�c�t� �w�a�s� �a�n�a�l�y�z�e�d� �a�l�o�n�g� �w�i�t�h� �t�h�e� �f�a�c�t�o�r�s� �o�f� �C�l�a�s�s� 

�C�o�m�p�a�r�i�s�o�n�,� �C�l�a�s�s� �S�i�z�e�,� �a�n�d� �P�r�o�b�e� �T�y�p�e� �u�s�i�n�g� �a�n� �A�N�O�V�A� �p�r�o�c�e�d�u�r�e�.� �T�a�b�l�e�s� �F�1�,� �F�2�,� 

�a�n�d� �F�3� �s�h�o�w� �t�h�e� �A�N�O�V�A� �r�e�s�u�l�t�s� �f�o�r� �r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �(�R�L�)�,� �r�e�c�o�g�n�i�t�i�o�n� �e�r�r�o�r� �(�R�E�)�,� �a�n�d� 

�S�W�A�T� �R�a�t�i�n�g�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �B�l�o�c�k� �e�f�f�e�c�t� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �R�L� �[�F�(�3�,�2�7�)� �=� �5�.�3�9�,� �p� �=� 

�.�0�0�4�9�]�,� �b�u�t� �n�o�t� �R�E� �[�F�(�3�,�2�7�)� �=� �1�.�9�9�,� �p� �=� �.�1�3�9�6�]� �o�r� �S�W�A�T� �R�a�t�i�n�g�s� �[�F�(�3�,�2�7�)� �=� �2�.�2�4�,� �p� �=� 

�.�1�0�6�4�]�.� �R�e�s�u�l�t�s� �o�f� �a� �N�e�w�m�a�n�-�K�e�u�l�s� �t�e�s�t� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �B�l�o�c�k� �e�f�f�e�c�t� �f�o�r� �R�L� �a�r�e� �s�h�o�w�n
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�i�n� �T�a�b�l�e� �F�4�.� �T�h�e� �m�e�a�n�s� �f�o�r� �B�l�o�c�k�s� �t�w�o�,� �t�h�r�e�e�,� �a�n�d� �f�o�u�r� �a�r�e� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� 

�o�n�e� �a�n�o�t�h�e�r�.� 

�T�h�e� �B�l�o�c�k� �b�y� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n� �b�y� �C�l�a�s�s� �S�i�z�e� �e�f�f�e�c�t� �f�o�r� �R�E� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �[�F�(�5�4�,�4�8�6�)� �=� 

�1�.�5�5�,� �p� �=� �.�0�0�9�6�;� �s�e�e� �T�a�b�l�e� �F�2�]�.� �I�t� �i�s� �n�o�t� �a�p�p�a�r�e�n�t� �w�h�y� �s�i�g�n�i�f�i�c�a�n�c�e� �i�s� �o�b�t�a�i�n� �f�o�r� �t�h�i�s� 

�h�i�g�h�e�r�-�o�r�d�e�r� �e�f�f�e�c�t�.� �D�u�e� �t�o� �t�h�e� �a�b�s�e�n�c�e� �o�f� �d�i�f�f�e�r�e�n�t�i�a�l� �l�e�a�r�n�i�n�g� �e�f�f�e�c�t�s� �(�f�o�r� �t�h�e� �d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s� �o�f� �R�L� �a�n�d� �S�W�A�T� �R�a�t�i�n�g�s�)�,� �d�a�t�a� �f�r�o�m� �a�l�l� �b�l�o�c�k�s� �(�n�o�t� �i�n�c�l�u�d�i�n�g� �t�h�e� �p�r�a�c�t�i�c�e� �b�l�o�c�k�)� 

�w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�e�s�.� 

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

�b�e� �c�o�l�l�e�c�t�i�v�e�l�y� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �a�n�y� �k�n�o�w�n� �A�N�O�V�A� �p�r�o�c�e�d�u�r�e� �(�i�t� �i�s� �n�e�i�t�h�e�r� �a� �f�a�c�t�o�r�i�a�l� �n�o�r� �a� 

�n�e�s�t�e�d� �d�e�s�i�g�n�)�,� �e�a�c�h� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n� �w�a�s� �a�n�a�l�y�z�e�d� �s�e�p�a�r�a�t�e�l�y�.� �T�h�e� �v�a�r�i�a�b�l�e�s� �o�f� �c�o�n�c�e�r�n� 

�f�o�r� �e�a�c�h� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n� �a�r�e� �C�l�a�s�s� �S�i�z�e�,� �P�r�o�b�e� �C�l�a�s�s�,� �a�n�d� �P�r�o�b�e� �T�y�p�e�.� �T�a�b�l�e�s� �F�5� �t�o� 

�F�1�4� �p�r�e�s�e�n�t� �A�N�O�V�A� �r�e�s�u�l�t�s� �f�o�r� �e�a�c�h� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n� �f�o�r� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �R�L�.� �O�f� 

�i�n�t�e�r�e�s�t� �a�r�e� �t�h�e� �P�r�o�b�e� �C�l�a�s�s� �a�n�d� �C�l�a�s�s� �S�i�z�e� �b�y� �P�r�o�b�e� �C�l�a�s�s� �e�f�f�e�c�t�s�.� �T�h�u�s�,� �t�h�e� �P�r�o�b�e� �C�l�a�s�s� 

�R�L� �f�o�r� �e�a�c�h� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �F�1�5�;� �a�l�s�o� �s�h�o�w�n� �i�s� �t�h�e� �a�s�s�o�c�i�a�t�e�d� 

�P�r�o�b�e� �C�l�a�s�s� �e�f�f�e�c�t� �p�-�v�a�l�u�e�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �s�i�x� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n�s� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t� �P�r�o�b�e� 

�C�l�a�s�s� �e�f�f�e�c�t�s�:� �D�i�g�i�t�s�-�L�e�t�t�e�r�s�,� �D�i�g�i�t�s�-�S�h�a�p�e�s�,� �W�o�r�d�s�-�L�e�t�t�e�r�s�,� �W�o�r�d�s�-�S�h�a�p�e�s�,� �L�e�t�t�e�r�s�-� 

�S�h�a�p�e�s�,� �a�n�d� �C�o�l�o�r�s�-�S�h�a�p�e�s�.� �T�h�e�s�e� �e�f�f�e�c�t�s� �a�t� �t�h�e� �t�h�r�e�e� �M�S�E�T� �s�i�z�e�s� �a�r�e� �g�r�a�p�h�i�c�a�l�l�y� 

�p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �1�9� �t�o� �2�4�.� 

�R�L� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �a�l�l� �1�0� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n�s� �w�a�s� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �a� �o�n�e�-�w�a�y� 
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�N�e�w�m�a�n�-�K�e�u�l�s� �t�e�s�t� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�i�s� �e�f�f�e�c�t� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �F�1�6�.� 

�T�h�e� �o�v�e�r�a�l�l� �R�E� �w�a�s� �3�.�7�7�1�%�.� �A� �o�n�e�-�w�a�y� �A�N�O�V�A� �p�e�r�f�o�r�m�e�d� �a�c�r�o�s�s� �t�h�e� �1�0� �C�l�a�s�s� 

�C�o�m�p�a�r�i�s�o�n�s� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �[�F�(�9�,�8�1�)� �=� �3�.�2�9�,� �p� �=� �.�0�0�1�8�]�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �a� �N�e�w�m�a�n�-�K�e�u�l�s
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�S�e�t� �S�i�z�e� �f�o�r� �t�h�e� �W�o�r�d�s� �v�e�r�s�u�s� �S�h�a�p�e�s� �C�o�m�p�a�r�i�s�o�n� �(�p� �=� �.�0�8�5�0�)�.� �D�a�t�a� 
�c�o�l�l�a�p�s�e�d� �o�v�e�r� �P�r�o�b�e� �T�y�p�e� �w�i�t�h� �N� �=� �1�0�.� �+� �O�n�e� �S�t�a�n�d�a�r�d� �E�r�r�o�r� �B�a�r�s� �s�h�o�w�n�.� 

� 



�7�5� 

�t�e�s�t� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�i�s� �e�f�f�e�c�t� �a�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �p�a�r�t� �o�f� �T�a�b�l�e� �F�1�6�.� �I�n� �g�e�n�e�r�a�l�,� �C�l�a�s�s� 

�C�o�m�p�a�r�i�s�o�n�s� �w�i�t�h� �l�o�n�g�e�r� �a�v�e�r�a�g�e� �R�L�s� �a�l�s�o� �i�n�c�u�r�r�e�d� �m�o�r�e� �i�n�c�o�r�r�e�c�t� �r�e�s�p�o�n�s�e�s�.� 

�T�a�b�l�e�s� �F�1�7� �t�o� �F�2�6� �p�r�e�s�e�n�t� �A�N�O�V�A� �r�e�s�u�l�t�s� �f�o�r� �e�a�c�h� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n� �f�o�r� �t�h�e� 

�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �o�f� �S�W�A�T� �R�a�t�i�n�g�s�.� �T�a�b�l�e� �F�2�7� �l�i�s�t�s� �t�h�e� �S�W�A�T� �R�a�t�i�n�g�s� �f�o�r� �e�a�c�h� �P�r�o�b�e� 

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

�C�l�a�s�s� �e�f�f�e�c�t�s� �f�o�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�u�r� �C�l�a�s�s� �C�o�m�p�a�r�i�s�o�n�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�:� �D�i�g�i�t�s�-�S�h�a�p�e�s�,� 

�W�o�r�d�s�-�S�h�a�p�e�s�,� �L�e�t�t�e�r�s�-�S�h�a�p�e�s�,� �a�n�d� �C�o�l�o�r�s�-�S�h�a�p�e�s�.� �T�h�e�s�e� �e�f�f�e�c�t�s� �a�t� �t�h�e� �t�h�r�e�e� �M�S�E�T� �s�i�z�e�s� 

�a�r�e� �g�r�a�p�h�i�c�a�l�l�y� �p�o�r�t�r�a�y�e�d� �i�n� �F�i�g�u�r�e�s� �2�5� �t�o� �2�8�.� 

�A� �o�n�e�-�w�a�y� �A�N�O�V�A� �p�e�r�f�o�r�m�e�d� �o�n� �S�W�A�T� �R�a�t�i�n�g�s� �d�i�f�f�e�r�e�n�c�e�s� �a�c�r�o�s�s� �C�l�a�s�s� 

�C�o�m�p�a�r�i�s�o�n� �f�o�u�n�d� �t�h�i�s� �e�f�f�e�c�t� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �[�F�(�9�,�8�1�)� �=� �2�1�.�0�4�,� �p� �<� �.�0�0�0�1�]�.� �N�e�w�m�a�n�-� 

�K�e�u�l�s� �t�e�s�t� �r�e�s�u�l�t�s� �f�o�r� �t�h�i�s� �e�f�f�e�c�t� �a�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �p�a�r�t� �o�f� �T�a�b�l�e� �F�1�6�.� �A�v�e�r�a�g�e� �S�W�A�T� 

�R�a�t�i�n�g�s� �r�a�n�g�e� �f�r�o�m� �1�6�.�9� �(�f�o�r� �t�h�e� �L�e�t�t�e�r�s� �v�s�.� �D�i�g�i�t�s� �c�o�m�p�a�r�i�s�o�n�)� �t�o� �3�0�.�9� �(�f�o�r� �t�h�e� �C�o�l�o�r�s� �v�s�.� 

�S�h�a�p�e�s� �c�o�m�p�a�r�i�s�o�n�)�.� 

�T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �a�m�o�n�g� �M�S�E�T� �S�i�z�e�,� �R�L�,� �a�n�d� �S�W�A�T� �R�a�t�i�n�g�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� 

�P�e�a�r�s�o�n� �P�r�o�d�u�c�t� �M�o�m�e�n�t� �c�o�r�r�e�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e� �(�s�e�e� �T�a�b�l�e� �F�2�8�)�.� �T�h�e� �h�i�g�h�e�s�t� �c�o�r�r�e�l�a�t�i�o�n� 

�w�a�s� �o�b�t�a�i�n�e�d� �b�e�t�w�e�e�n� �S�W�A�T� �R�a�t�i�n�g�s� �a�n�d� �M�S�E�T� �S�i�z�e� �(�c�o�e�f�f�i�c�i�e�n�t� �o�f� �0�.�6�9�6�6�)�,� �w�h�i�l�e� �t�h�e� 

�l�o�w�e�s�t� �w�a�s� �b�e�t�w�e�e�n� �R�L� �a�n�d� �M�S�E�T� �S�i�z�e� �(�c�o�e�f�f�i�c�i�e�n�t� �o�f� �0�.�2�4�1�2�)�.� �S�W�A�T� �R�a�t�i�n�g�s� �a�n�d� �R�L� 

�c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �a� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �0�.�3�2�3�2�.� �A�l�l� �v�a�r�i�a�b�l�e� �p�a�i�r�s� �s�t�a�t�i�s�t�i�c�a�l�l�y� �c�o�-�v�a�r�i�e�d� �a�t� �p� �<� 

�.�0�0�0�1�.� 

�D�i�s�c�u�s�s�i�o�n� 

�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� �g�e�n�e�r�a�l�l�y� �c�o�n�c�u�r� �w�i�t�h� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �1�.� 

�S�t�i�m�u�l�u�s� �c�l�a�s�s� �c�o�m�p�a�r�i�s�o�n�s� �w�i�t�h� �l�a�r�g�e� �R�L� �a�n�d� �S�W�A�T� �r�a�t�i�n�g� �d�i�f�f�e�r�e�n�c�e�s� �r�e�s�u�l�t�e�d� �i�n� �s�m�a�l�l�e�r� 

�p�-�v�a�l�u�e�s� �f�o�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �e�f�f�e�c�t�s� �t�h�a�n� �c�o�m�p�a�r�i�s�o�n�s� �w�i�t�h� �s�m�a�l�l� �R�L� �a�n�d� �S�W�A�T� �r�a�t�i�n�g
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�F�i�g�u�r�e� �2�8�.� �E�x�p�e�r�i�m�e�n�t� �2�:� �S�W�A�T� �R�a�t�i�n�g�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �P�r�o�b�e� �C�l�a�s�s� �b�y� �M�e�m�o�r�y�-�S�e�t� 
�S�i�z�e� �f�o�r� �t�h�e� �W�o�r�d�s� �v�e�r�s�u�s� �S�h�a�p�e�s� �C�o�m�p�a�r�i�s�o�n� �(�p� �=� �.�4�7�5�9�)�.� �D�a�t�a� �c�o�l�l�a�p�s�e�d� 
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�8�0� 

�d�i�f�f�e�r�e�n�c�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �P�r�o�b�e� �C�l�a�s�s� �e�f�f�e�c�t� �f�o�r� �t�h�e� �D�i�g�i�t�s�-�S�h�a�p�e�s� �c�o�m�p�a�r�i�s�o�n� �i�s� 

�s�i�g�n�i�f�i�c�a�n�t� �[�F�(�1�,�9�)� �=� �9�.�7�4�,� �p� �=� �.�0�1�2�3�)�,� �w�h�i�l�e� �t�h�e� �P�r�o�b�e� �C�l�a�s�s� �e�f�f�e�c�t� �f�o�r� �t�h�e� �D�i�g�i�t�s�-�W�o�r�d�s� 

�c�o�m�p�a�r�i�s�o�n� �i�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �[�F�(�1�,�9�)� �=� �0�.�6�7�,� �p� �=� �.�4�3�4�7�;� �s�e�e� �T�a�b�l�e� �F�1�5�]�.� 

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

�b�e�t�w�e�e�n� �R�L� �a�n�d� �S�W�A�T� �r�a�t�i�n�g�s� �w�a�s� �o�b�t�a�i�n�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� �D�i�g�i�t�s�-�W�o�r�d�s� 

�c�o�m�p�a�r�i�s�o�n�,� �f�o�r� �e�x�a�m�p�l�e�,� �e�l�i�c�i�t�e�d� �a� �q�u�i�c�k�e�r� �a�v�e�r�a�g�e� �R�L� �t�h�a�n� �t�h�e� �L�e�t�t�e�r�s�-�D�i�g�i�t�s� �c�o�m�p�a�r�i�s�o�n� 

�b�u�t� �w�a�s� �r�a�t�e�d� �h�i�g�h�e�r� �i�n� �c�o�g�n�i�t�i�v�e� �e�f�f�o�r�t� �(�s�e�e� �T�a�b�l�e� �F�1�6�)�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �d�i�s�s�o�c�i�a�t�i�o�n� �i�s� 

�l�a�r�g�e�l�y� �c�o�n�f�i�n�e�d� �t�o� �t�h�e� �c�l�a�s�s� �c�o�m�p�a�r�i�s�o�n� �p�a�i�r�s� �w�h�o�s�e� �R�L� �a�n�d� �S�W�A�T� �r�a�t�i�n�g� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� 

�n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t�.� 

�T�a�b�l�e� �F�1�6� �s�h�o�w�s� �t�h�a�t� �c�l�a�s�s� �c�o�m�p�a�r�i�s�o�n�s� �w�i�t�h� �l�o�n�g�e�r� �R�L�s� �a�l�s�o� �e�l�i�c�i�t�e�d� �m�o�r�e� �i�n�c�o�r�r�e�c�t� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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



�8�1� 

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

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

�a�n�d� �H�i�t�c�h�,� �1�9�7�4�)�.� �I�t�i�s�,� �t�h�e�r�e�f�o�r�e�,� �p�l�a�u�s�i�b�l�e� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �o�t�h�e�r� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s� �(�e�.�g�.�,� 

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

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

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

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

�h�o�w�e�v�e�r�.� 

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

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

�c�l�a�s�s�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �s�h�a�p�e�s� �e�l�i�c�i�t�e�d� �t�h�e� �l�a�r�g�e�s�t� �R�L�s� �a�n�d� �S�W�A�T� �r�a�t�i�n�g�s� �i�n� �a�l�l� �o�f� �i�t�s� 

�c�o�m�p�a�r�i�s�o�n�s� �(�s�e�e� �T�a�b�l�e� �F�1�6�)�.� �I�t� �i�s� �p�l�a�u�s�i�b�l�e� �t�h�a�t� �d�e�s�p�i�t�e� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �a�n�d� �u�s�e� �o�f� �s�p�a�t�i�a�l� 

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

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

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

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

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

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

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

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

�r�e�s�o�u�r�c�e�s� �b�e�c�a�u�s�e� �v�e�r�b�a�l� �r�e�s�o�u�r�c�e�s� �w�e�r�e� �s�t�i�l�l� �a�v�a�i�l�a�b�l�e�.� �H�o�w�e�v�e�r�,� �e�v�e�n� �t�h�e� �M�S�E�T� �s�i�z�e� �o�f� 

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

�M�S�E�T� �s�i�z�e�s� �i�s� �w�a�r�r�a�n�t�e�d�.
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�T�h�e� �a�b�o�v�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �a�s�s�u�m�e� �m�e�a�n�s� �o�f� �f�l�e�x�i�b�l�e� �r�e�s�o�u�r�c�e� �a�l�l�o�c�a�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 

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

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

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

�e�f�f�e�c�t�)�.� �G�i�v�e�n� �t�h�e� �g�o�a�l�s� �a�n�d� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �p�r�o�g�r�a�m�,� �h�o�w�e�v�e�r�,� �e�i�t�h�e�r� 

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

�E�x�p�e�r�i�m�e�n�t� �2� �r�e�v�e�a�l�e�d� �t�h�a�t� �v�e�r�b�a�l�/�s�p�a�t�i�a�l� �c�o�d�e�s� �a�r�e� �n�o�t� �d�e�t�e�r�m�i�n�i�n�g� �f�a�c�t�o�r�s� �i�n� �t�h�e� 

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

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

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

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

�c�o�m�p�a�r�i�s�o�n�s�.



�G�E�N�E�R�A�L� �D�I�S�C�U�S�S�I�O�N� 

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

�s�t�i�m�u�l�u�s� �c�l�a�s�s�.� �E�x�p�e�r�i�m�e�n�t� �1� �e�m�p�l�o�y�e�d� �a� �t�r�a�c�k�i�n�g�-�p�r�i�m�a�r�y�/�S�t�e�r�n�b�e�r�g�-�s�e�c�o�n�d�a�r�y� �t�a�s�k� 

�p�a�r�a�d�i�g�m�,� �w�h�i�l�e� �E�x�p�e�r�i�m�e�n�t� �2� �e�m�p�l�o�y�e�d� �a� �m�o�d�i�f�i�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �S�t�e�r�n�b�e�r�g� �p�a�r�a�d�i�g�m� 

�(�S�t�e�r�n�b�e�r�g�,� �1�9�6�6�)�.� �M�e�a�s�u�r�e�s� �o�f� �r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �a�n�d� �e�r�r�o�r� �a�n�d� �t�h�e� �S�W�A�T� �t�e�c�h�n�i�q�u�e� 

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

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

�i�n�f�o�r�m�a�t�i�o�n� �d�i�s�p�l�a�y� �d�e�s�i�g�n� �a�n�d� �c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d� �(�C�W�L�)� �r�e�s�e�a�r�c�h�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e� 

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

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

�e�x�t�e�n�s�i�o�n� �t�o� �e�m�p�l�o�y�i�n�g� �S�t�e�r�n�b�e�r�g ��s� �p�r�o�c�e�d�u�r�e� �i�n� �C�W�L� �r�e�s�e�a�r�c�h�.� �P�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� 

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

�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �b�e�i�n�g� �a� �s�e�n�s�i�t�i�v�e� �m�e�a�s�u�r�e� �o�f� �M�S�E�T� �s�i�z�e� �l�o�a�d�i�n�g�,� �S�W�A�T� �a�l�s�o� �w�a�s� 

�s�e�n�s�i�t�i�v�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�e�m�o�r�y� �l�o�a�d�i�n�g� �a�c�r�o�s�s� �s�t�i�m�u�l�u�s� �c�l�a�s�s�.� �P�o�i�n�t�s� �1� �a�n�d� �2� 

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

�.� �R�e�s�u�l�t�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �1� �s�u�p�p�o�r�t� �t�h�e� �c�o�n�c�e�p�t� �o�f� �a� �d�i�f�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�s�s�i�n�g� �e�f�f�i�c�i�e�n�c�y� 

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

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

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

�r�e�c�o�g�n�i�t�i�o�n� �t�i�m�e� �s�a�v�i�n�g�s� �i�n� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �1�0�0� �m�s� �t�o� �1�5�0� �m�s� �c�a�n� �b�e� �a�c�c�r�u�e�d� �b�y� 

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

�c�o�l�o�r� �o�r� �a� �s�h�a�p�e�.� 

�A�t� �l�e�a�s�t� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �e�n�v�i�r�o�n�m�e�n�t�,� �S�W�A�T� �w�a�s� �a� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �m�e�a�s�u�r�e�m�e�n�t� 

�t�e�c�h�n�i�q�u�e� �t�h�a�n� �r�e�c�o�g�n�i�t�i�o�n� �l�a�t�e�n�c�y� �o�r� �e�r�r�o�r� �r�a�t�e� �(�c�o�m�p�a�r�e� �T�a�b�l�e�s� �D�1�1� �a�n�d� �D�1�7�;� �s�e�e� �a�l�s�o� 
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�T�a�b�l�e� �F�1�6�)�.� �E�r�r�o�r� �r�a�t�e�s� �d�i�d� �n�o�t� �r�e�v�e�a�l� �m�u�c�h� �i�n� �t�h�e� �w�a�y� �o�f� �d�i�f�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�s�s�i�n�g�.� �T�h�i�s� 

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

�c�o�n�d�i�t�i�o�n�s�.� 

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

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

�t�h�e� �o�r�d�e�r�i�n�g� �i�s� �s�t�a�b�l�e�,� �g�e�n�e�r�a�l�i�z�a�t�i�o�n�s� �c�a�n� �b�e� �m�a�d�e�.� �T�h�e� �f�i�n�d�i�n�g�s� �o�f� �E�x�p�e�r�i�m�e�n�t� �1� �s�u�p�p�o�r�t� 

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

�a�n�d� �C�o�l�o�r�s� �s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s�,� �t�h�e� �r�e�s�u�l�t�s� �a�g�r�e�e� �w�i�t�h� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �B�r�o�w�n� �a�n�d� �K�i�r�s�n�e�r� 

�(�1�9�8�0�)� �a�n�d� �C�a�v�a�n�a�g�h� �(�1�9�7�2�)�.� �T�h�i�s� �d�i�s�c�r�e�p�a�n�c�y� �i�s� �l�i�k�e�l�y� �d�u�e� �t�o� �t�h�e� �i�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �p�r�i�m�a�r�y� 

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

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

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

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

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

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

�s�t�i�m�u�l�u�s� �c�l�a�s�s�e�s� �a�r�e� �a�l�s�o� �i�n�v�o�l�v�e�d�.� �T�h�e�s�e� �p�r�o�c�e�s�s�e�s�,� �s�i�m�i�l�a�r�l�y�,� �d�r�a�w� �u�p�o�n� �S�T�M� �r�e�s�o�u�r�c�e�s�.� 

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

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

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

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

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

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

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

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

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

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

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

�t�h�e� �e�x�t�r�e�m�e� �S�T�M� �a�n�d� �c�o�g�n�i�t�i�v�e� �d�e�m�a�n�d�s� �t�y�p�i�c�a�l�l�y� �i�n�v�o�l�v�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�t� �w�a�s� 

�m�e�n�t�i�o�n�e�d� �t�h�a�t� �s�a�v�i�n�g�s� �i�n� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �1�0�0� �m�s� �t�o� �1�5�0� �m�s� �c�a�n� �b�e� �a�c�c�r�u�e�d� �f�r�o�m� 

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

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

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

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

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

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

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

�u�n�d�e�r� �t�h�e�s�e� �t�i�m�e�-� �a�n�d� �e�f�f�o�r�t�-�s�t�r�e�s�s�e�d� �s�i�t�u�a�t�i�o�n�s�.� �S�t�i�m�u�l�u�s� �c�l�a�s�s� �o�p�t�i�m�i�z�a�t�i�o�n� �i�s�,� �t�h�u�s�,� 

�h�i�g�h�l�y� �d�e�s�i�r�a�b�l�e� �i�n� �t�h�e�s�e� �c�o�n�t�e�x�t�s�.� 

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

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

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

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �F�u�t�u�r�e� �R�e�s�e�a�r�c�h� 

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

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

�o�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �i�n�f�o�r�m�a�t�i�o�n� �c�o�d�e�d� �i�n� �t�w�o� �o�r� �m�o�r�e� �w�a�y�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �K�o�p�o�l�a� �(�1�9�7�9�)� 

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

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



�8�6� 

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

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

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

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

�c�l�a�s�s�e�s� �h�e�l�p�s� �e�n�s�u�r�e� �i�n�f�o�r�m�a�t�i�o�n� �t�r�a�n�s�m�i�s�s�i�o�n� �(�W�i�c�k�e�n�s�,� �1�9�8�4�b�)�.� 

�A�s� �p�r�o�p�o�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �d�i�s�c�u�s�s�i�o�n�s�,� �t�h�e� �u�s�e� �o�f� �l�a�r�g�e�r� �M�S�E�T� �s�i�z�e�s� �i�n� �b�i�-�s�t�i�m�u�l�u�s� 

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

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

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

�c�l�a�s�s� �i�n� �i�n�f�o�r�m�a�t�i�o�n� �d�i�s�p�l�a�y� �d�e�s�i�g�n�.
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�A�a�s�m�a�n�,� �J�.�,� �M�u�l�d�e�r�,� �G�.�,� �a�n�d� �M�u�l�d�e�r�,� �L�.� �J�.� �M�.� �(�1�9�8�7�)�.� �O�p�e�r�a�t�o�r� �e�f�f�o�r�t� �a�n�d� �t�h�e� 
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�B�a�d�d�e�l�e�y�,� �A�.� �D�.�,� �a�n�d� �L�i�e�b�e�r�m�a�n�,� �K�.� �(�1�9�8�0�)�.� �S�p�a�t�i�a�l� �w�o�r�k�i�n�g� �m�e�m�o�r�y�.� �I�n� �R�.� �S�.� 
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�b�e�t�w�e�e�n� �m�e�m�o�r�y� �s�p�a�n� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �r�a�t�e� �i�n� �s�h�o�r�t�-�t�e�r�m� �m�e�m�o�r�y�.� �C�o�g�n�i�t�i�v�e� 

�P�s�y�c�h�o�l�o�g�y�,� �1�2�,� �1�7�7�-�1�8�7�.� 

�B�u�r�r�o�w�s�,� �D�.�,� �a�n�d� �O�k�a�d�a�,� �R�.� �(�1�9�7�1�)�.� �S�e�r�i�a�l� �p�o�s�i�t�i�o�n� �e�f�f�e�c�t�s� �i�n� �h�i�g�h�-�s�p�e�e�d� �m�e�m�o�r�y� �s�e�a�r�c�h�.� 

�P�e�r�c�e�p�t�i�o�n� �a�n�d� �P�s�y�c�h�o�p�h�y�s�i�c�s�,� �1�0�,� �3�0�5�-�3�0�8�.� 
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�C�a�v�a�n�a�g�h�,� �J�.� �P�.� �(�1�9�7�2�)�.� �R�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �i�m�m�e�d�i�a�t�e� �m�e�m�o�r�y� �s�p�a�n� �a�n�d� �t�h�e� 

�m�e�m�o�r�y� �s�e�a�r�c�h� �r�a�t�e�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �R�e�v�i�e�w�,� �7�9�,� �5�2�5�-�5�3�0�.� 

�D�v�o�r�i�n�e�,� �I�.� �(�1�9�5�3�)�.� �D�v�o�r�i�n�e� �p�s�e�u�d�o�-�i�s�o�c�h�r�o�m�a�t�i�c� �p�l�a�t�e�s�.� �T�h�e� �P�s�y�c�h�o�l�o�g�i�c�a�l� �C�o�r�p�o�r�a�t�i�o�n�.� 

�E�g�e�t�h�,� �H�.� �E�.� �(�1�9�6�9�)�.� �P�a�r�a�l�l�e�l� �v�e�r�s�u�s� �s�e�r�i�a�l� �p�r�o�c�e�s�s�e�s� �i�n� �m�u�l�t�i�d�i�m�e�n�s�i�o�n�a�l� �s�t�i�m�u�l�u�s� 

�d�i�s�c�r�i�m�i�n�a�t�i�o�n�.� �I�n� �R�.� �N�.� �H�a�b�e�r� �(�E�d�.�)�,� �J�n�f�o�r�m�a�t�i�o�n�-�p�r�o�c�e�s�s�i�n�g� �a�p�p�r�o�a�c�h�e�s� �t�o� �v�i�s�u�a�l� 

�p�e�r�c�e�p�t�i�o�n� �(�p�p�.� �2�3�0�-�2�4�0�)�.� �N�e�w� �Y�o�r�k�:� �H�o�l�t�,� �R�e�i�n�h�a�r�t�,� �a�n�d� �W�i�n�s�t�o�n�.� 

�E�g�e�t�h�,� �H�.� �E�.�,� �a�n�d� �S�m�i�t�h�,� �E�.� �E�.� �(�1�9�6�7�)�.� �O�n� �t�h�e� �n�a�t�u�r�e� �o�f� �e�r�r�o�r�s� �i�n� �a� �c�h�o�i�c�e� �r�e�a�c�t�i�o�n� �t�a�s�k�.� 

�P�s�y�c�h�o�n�o�m�i�c� �S�c�i�e�n�c�e�,� �8�,� �3�4�5�-�3�4�6�.� 

�E�g�g�e�m�e�i�e�r�,� �F�.� �T�.� �(�1�9�8�8�)�.� �P�r�o�p�e�r�t�i�e�s� �o�f� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �t�e�c�h�n�i�q�u�e�s�.� �I�n� �P�.� �A�.� 

�H�a�n�c�o�c�k� �a�n�d� �N�.� �M�e�s�h�k�a�t�i� �(�E�d�s�.�)�,� �H�u�m�a�n� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �(�p�p�.� �4�1�-�6�2�)�.� �A�m�s�t�e�r�d�a�m�:� 

�E�l�s�e�v�i�e�r� �S�c�i�e�n�c�e�.� 

�E�g�g�e�m�e�i�e�r�,� �F�.� �T�.�,� �C�r�a�b�t�r�e�e�,� �M�.� �S�.�,� �a�n�d� �L�a�P�o�i�n�t�e�,� �P�.� �A�.� �(�1�9�8�3�)�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �d�e�l�a�y�e�d� 

�r�e�p�o�r�t� �o�n� �s�u�b�j�e�c�t�i�v�e� �r�a�t�i�n�g�s� �o�f� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� 

�S�o�c�i�e�t�y� �2�7�t�h� �A�n�n�u�a�l� �M�e�e�t�i�n�g� �(�p�p�.� �1�3�9�-�1�4�3�)�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� �H�u�m�a�n� �F�a�c�t�o�r�s� 

�S�o�c�i�e�t�y�.� 

�E�g�g�e�m�e�i�e�r�,� �F�.� �T�.�,� �C�r�a�b�t�r�e�e�,� �M�.� �S�.�,� �Z�i�n�g�g�,� �J�.� �J�.�,� �R�e�i�d�,� �G�.� �B�.�,� �a�n�d� �S�h�i�n�g�l�e�d�e�c�k�e�r�,� �C�.� �A�.� 

�(�1�9�8�2�)�.� �S�u�b�j�e�c�t�i�v�e� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �i�n� �a� �m�e�m�o�r�y� �u�p�d�a�t�e� �t�a�s�k�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� 

�t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y� �2�6�t�h� �A�n�n�u�a�l� �M�e�e�t�i�n�g� �(�p�p�.� �6�4�3�-�6�4�7�)�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� 

�H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�.� 

�E�g�g�e�m�e�i�e�r�,� �F�.� �T�.�,� �a�n�d� �S�t�a�d�l�e�r�,� �M�.� �A�.� �(�1�9�8�4�)�.� �S�u�b�j�e�c�t�i�v�e� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �i�n� �a� �s�p�a�t�i�a�l� 

�m�e�m�o�r�y� �t�a�s�k�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y� �2�8�t�h� �A�n�n�u�a�l� �M�e�e�t�i�n�g� �(�p�p�.� 

�2�1�5�-�2�1�9�)�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�.� 

�E�g�g�l�e�s�t�o�n�,� �R�.� �G�.�,� �a�n�d� �Q�u�i�n�n�,� �T�.� �J�.� �(�1�9�8�4�)�.� �A� �p�r�e�l�i�m�i�n�a�r�y� �e�v�a�l�u�a�t�i�o�n� �o�f� �a� �p�r�o�j�e�c�t�i�v�e� 

�w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �p�r�o�c�e�d�u�r�e�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y� �2�8�t�h� 

�A�n�n�u�a�l� �M�e�e�t�i�n�g� �(�p�p�.� �6�9�5�-�6�9�9�)�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�.
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�F�r�i�c�k�,� �R�.� �W�.� �(�1�9�8�4�)�.� �U�s�i�n�g� �b�o�t�h� �a�n� �a�u�d�i�t�o�r�y� �a�n�d� �a� �v�i�s�u�a�l� �s�h�o�r�t�-�t�e�r�m� �s�t�o�r�e� �t�o� �i�n�c�r�e�a�s�e� �d�i�g�i�t� 

�s�p�a�n�.� �M�e�m�o�r�y� �a�n�d� �C�o�g�n�i�t�i�o�n�,� �1�2�,� �5�0�7�-�5�1�4�.� 

�G�o�p�h�e�r�,� �D�.�,� �C�h�i�l�l�a�g�,� �N�.�,� �a�n�d� �A�r�z�i�,� �N�.� �(�1�9�8�5�)�.� �T�h�e� �p�s�y�c�h�o�p�h�y�s�i�c�s� �o�f� �w�o�r�k�l�o�a�d�:� �A� �s�e�c�o�n�d� 

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

�o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y� �2�9�t�h� �A�n�n�u�a�l� �M�e�e�t�i�n�g� �(�p�p�.� �6�4�0�-�6�4�4�)�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� 

�H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�.� 

�H�a�r�t�,� �S�.� �G�.�,� �a�n�d� �S�t�a�v�e�l�a�n�d�,� �L�.� �E�.� �(�1�9�8�8�)�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �N�A�S�A�-�T�L�X� �(�T�a�s�k� �L�o�a�d� 

�I�n�d�e�x�)�:� �R�e�s�u�l�t�s� �o�f� �e�m�p�i�r�i�c�a�l� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l� �r�e�s�e�a�r�c�h�.� �I�n� �P�.� �A�.� �H�a�n�c�o�c�k� �a�n�d� �N�.� 

�M�e�s�h�k�a�t�i� �(�E�d�s�.�)�,� �H�u�m�a�n� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �(�p�p�.� �1�3�9�-�1�8�3�)�.� �A�m�s�t�e�r�d�a�m�:� �E�l�s�e�v�i�e�r� 

�S�c�i�e�n�c�e�.� 

�H�a�r�t�,� �S�.� �G�.�,� �a�n�d� �W�i�c�k�e�n�s�,� �C�.� �D�.� �(�1�9�9�0�)�.� �W�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �a�n�d� �p�r�e�d�i�c�t�i�o�n�.� �I�n� �H�.�R�.� 

�B�o�o�h�e�r� �(�E�d�.�)�,� �A�n� �a�p�p�r�o�a�c�h� �t�o� �s�y�s�t�e�m�s� �i�n�t�e�g�r�a�t�i�o�n� �(�p�p�.� �2�5�7�-�2�9�6�)�.� �N�e�w� �Y�o�r�k�:� �H�o�l�t�,� 

�R�e�i�n�h�a�r�t�,� �a�n�d� �W�i�n�s�t�o�n�.� 

�H�e�m�m�i�n�g�w�a�y�,� �J�.� �C�.� �(�1�9�8�4�)�.� �A�n� �e�x�p�e�r�i�m�e�n�t�a�l� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �S�t�e�r�n�b�e�r�g� �t�a�s�k� �a�s� �a� 

�w�o�r�k�l�o�a�d� �m�e�t�r�i�c� �f�o�r� �h�e�l�i�c�o�p�t�e�r� �f�l�i�g�h�t� �h�a�n�d�l�i�n�g� �q�u�a�l�i�t�i�e�s� �r�e�s�e�a�r�c�h� �(�N�A�S�A� �T�e�c�h�.� �M�e�m�o� 

�8�5�8�8�4�)�.� �W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �N�A�S�A�.� 

�H�i�t�c�h�,� �G�.� �(�1�9�8�4�)�.� �W�o�r�k�i�n�g� �m�e�m�o�r�y�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �M�e�d�i�c�i�n�e�,� �1�4�,� �2�6�5�-�2�7�1�.� 

�J�e�x�,� �H�.� �R�.� �(�1�9�8�8�)�.� �M�e�a�s�u�r�i�n�g� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d�:� �P�r�o�b�l�e�m�s�,� �p�r�o�g�r�e�s�s�,� �a�n�d� �p�r�o�m�i�s�e�s�.� �I�n� �P�.� 

�A�.� �H�a�n�c�o�c�k� �a�n�d� �N�.� �M�e�s�h�k�a�t�i� �(�E�d�s�.�)�,� �H�u�m�a�n� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �(�p�p�.� �5�-�3�9�)�.� 

�A�m�s�t�e�r�d�a�m�:� �E�l�s�e�v�i�e�r� �S�c�i�e�n�c�e�.� 

�J�e�x�,� �H�.� �R�.�,� �a�n�d� �C�l�e�m�e�n�t�,� �W�.� �F�.� �(�1�9�7�9�)�.� �D�e�f�i�n�i�n�g� �a�n�d� �m�e�a�s�u�r�i�n�g� �p�e�r�c�e�p�t�u�a�l�-�m�o�t�o�r� 

�w�o�r�k�l�o�a�d� �i�n� �a� �m�a�n�u�a�l� �c�o�n�t�r�o�l� �t�a�s�k�.� �I�n� �N�.� �M�o�r�a�y� �(�E�d�.�)�,� �M�e�n�t�a�l� �w�o�r�k�l�o�a�d�:� �I�t�s� �t�h�e�o�r�y� 

�a�n�d� �m�e�a�s�u�r�e�m�e�n�t� �(�p�p�.� �1�2�5�-�1�7�9�)�.� �N�e�w� �Y�o�r�k�:� �P�l�e�n�u�m� �P�r�e�s�s�.� 

�J�e�x�,� �H�.� �R�.�,� �M�c�D�o�n�n�e�l�l�,� �J�.� �D�.�,� �a�n�d� �P�h�a�t�a�k�,� �A�.� �V�.� �(�1�9�6�6�)�.� �A� �c�r�i�t�i�c�a�l� �t�r�a�c�k�i�n�g� �t�a�s�k� �f�o�r� 

�m�a�n�u�a�l� �c�o�n�t�r�o�l� �r�e�s�e�a�r�c�h�.� �J�E�E�E� �T�r�a�n�s�a�c�t�i�o�n�s� �(�H�F�E�-�7�)�,� �4�,� �1�3�8�-�1�4�5�.
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�J�o�h�n�s�o�n�,� �R�.� �M�.� �(�1�9�7�3�)�.� �P�a�i�r�w�i�s�e� �n�o�n�m�e�t�r�i�c� �m�u�l�t�i�d�i�m�e�n�s�i�o�n�a�l� �s�c�a�l�i�n�g�.� �P�s�y�c�h�o�m�e�t�r�i�k�a�,� 

�3�8�,� �1�1�-�1�8�.� 

�J�o�u�l�a�,� �J�.� �F�.�,� �a�n�d� �A�t�k�i�n�s�o�n�,� �R�.� �C�.� �(�1�9�7�1�)�.� �M�e�m�o�r�y� �s�c�a�n�n�i�n�g� �f�o�r� �w�o�r�d�s� �v�e�r�s�u�s� �c�a�t�e�g�o�r�i�e�s�.� 

�J�o�u�r�n�a�l� �o�f� �V�e�r�b�a�l� �L�e�a�r�n�i�n�g� �a�n�d� �V�e�r�b�a�l� �B�e�h�a�v�i�o�r�,� �1�0�,� �5�2�2�-�5�2�7�.� 

�K�l�a�t�z�k�y�,� �R�.� �L�.� �(�1�9�8�0�)�.� �H�u�m�a�n� �m�e�m�o�r�y�:� �S�t�r�u�c�t�u�r�e�s� �a�n�d� �p�r�o�c�e�s�s�e�s�.� �S�a�n� �F�r�a�n�c�i�s�c�o�,� �C�A�:� 

�F�r�e�e�m�a�n� �a�n�d� �C�o�m�p�a�n�y�.� 

�K�l�a�t�z�k�y�,� �R�.� �L�.�,� �J�o�u�l�a�,� �J�.� �F�.�,� �a�n�d� �A�t�k�i�n�s�o�n�,� �R�.� �C�.� �(�1�9�7�1�)�.� �T�e�s�t� �s�t�i�m�u�l�u�s� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� 

�a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�t�e�x�t� �e�f�f�e�c�t�s� �i�n� �m�e�m�o�r�y� �s�c�a�n�n�i�n�g�.� �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�,� �8�7�,� �2�8�1�-�2�8�8�.� 

�K�o�p�o�l�a�,� �C�.� �(�1�9�7�9�)�.� �T�h�e� �u�s�e� �o�f� �c�o�l�o�r�-�c�o�d�e�d� �s�y�m�b�o�l�s� �i�n� �a� �h�i�g�h�l�y� �d�e�n�s�e� �s�i�t�u�a�t�i�o�n� �d�i�s�p�l�a�y�.� 

�I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y� �2�3�r�d� �A�n�n�u�a�l� �M�e�e�t�i�n�g�.� �S�a�n�t�a� �M�o�n�i�c�a�,� 

�C�A�:� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�.� 

�K�r�u�s�k�a�l�,� �J�.� �B�.� �(�1�9�6�5�)�.� �A�n�a�l�y�s�i�s� �o�f� �f�a�c�t�o�r�i�a�l� �e�x�p�e�r�i�m�e�n�t�s� �b�y� �e�s�t�i�m�a�t�i�n�g� �m�o�n�o�t�o�n�e� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �o�f� �t�h�e� �d�a�t�a�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �R�o�y�a�l� �S�t�a�t�i�s�t�i�c�a�l� �S�o�c�i�e�t�y�,� �S�e�r�i�e�s� �B�,� �2�7�,� �2�5�1�-� 

�2�6�3�.� 

�K�u�p�e�r�m�a�n�,� �G�.� �G�.�,� �a�n�d� �W�i�l�s�o�n�,� �D�.� �L�.� �(�1�9�8�6�)�.� �A� �h�u�m�a�n�-�c�e�n�t�e�r�e�d� �t�e�c�h�n�o�l�o�g�y� �f�o�r� �a�d�v�a�n�c�e�d� 

�b�o�m�b�e�r� �c�r�e�w� �S�t�a�t�i�o�n�s�.� �(�T�e�c�h�.� �R�e�p�o�r�t� �N�o�.� �A�A�M�R�L�-�T�R�-�-�8�6�-�0�5�2�)�.� �D�a�y�t�o�n�,� �O�H�:� 

�A�r�m�s�t�r�o�n�g� �A�e�r�o�s�p�a�c�e� �M�e�d�i�c�a�l� �R�e�s�e�a�r�c�h� �L�a�b�o�r�a�t�o�r�y�,� �W�r�i�g�h�t� �P�a�t�t�e�r�s�o�n� �A�F�B�.� 

�K�u�p�e�r�m�a�n�,� �G�.� �G�.�,� �a�n�d� �W�i�l�s�o�n�,� �D�.� �L�.� �(�1�9�8�8�)�.� �T�h�e� �d�e�s�i�g�n� �o�f� �a� �t�a�c�t�i�c�a�l� �s�i�t�u�a�t�i�o�n� �d�i�s�p�l�a�y�.� 

�I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y� �3�2�n�d� �A�n�n�u�a�l� �M�e�e�t�i�n�g� �(�p�p�.� �1�1�1�-�1�1�5�)�.� 

�S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�.� 

�L�a�c�h�m�a�n�,� �R�.�,� �L�a�c�h�m�a�n�,� �J�.� �L�.�,� �a�n�d� �B�u�t�t�e�r�f�i�e�l�d�,� �E�.� �C�.� �(�1�9�7�9�)�.� �C�o�g�n�i�t�i�v�e� �p�s�y�c�h�o�l�o�g�y� �a�n�d� 

�i�n�f�o�r�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g�:� �A�n� �i�n�t�r�o�d�u�c�t�i�o�n�.� �N�e�w� �Y�o�r�k�:� �L�a�w�r�e�n�c�e� �E�r�l�b�a�u�m� �A�s�s�o�c�i�a�t�e�s�.� 

�L�y�s�a�g�h�t�,� �R�.� �J�.�,� �H�i�l�l�,� �S�.� �G�.�,� �D�i�c�k�,� �A�.� �O�.�,� �P�l�a�m�o�n�d�o�n�,� �B�.� �D�.�,� �L�i�n�t�o�n�,� �P�.� �M�.�,� �W�i�e�r�w�i�l�l�e�,� 

�W�.� �W�.�,� �Z�a�k�l�a�d�,� �A�.� �L�.�,� �B�i�t�t�n�e�r�,� �A�.� �C�.� �J�r�.�,� �a�n�d� �W�h�e�r�r�y�,� �R�.� �J�.� �(�1�9�8�9�)�.� �O�p�e�r�a�t�o�r
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�w�o�r�k�l�o�a�d�:� �C�o�m�p�r�e�h�e�n�s�i�v�e� �r�e�v�i�e�w� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �o�p�e�r�a�t�o�r� �w�o�r�k�l�o�a�d� �m�e�t�h�o�d�o�l�o�g�i�e�s�.� 

�(�T�e�c�h�.� �R�e�p�o�r�t� �N�o�.� �8�5�1�)�.� �A�l�e�x�a�n�d�r�i�a�,� �V�A�:� �U�.�S�.� �A�r�m�y� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e� �f�o�r� �t�h�e� 

�B�e�h�a�v�i�o�r�a�l� �a�n�d� �S�o�c�i�a�l� �S�c�i�e�n�c�e�s�.� 

�M�e�i�s�t�e�r�,� �D�.� �(�1�9�8�5�)�.� �B�e�h�a�v�i�o�r�a�l� �a�n�a�l�y�s�i�s� �a�n�d� �m�e�a�s�u�r�e�m�e�n�t� �m�e�t�h�o�d�s�.� �N�e�w� �Y�o�r�k�:� �J�o�h�n� 

�W�i�l�e�y� �&� �S�o�n�s�.� 

�M�e�s�h�k�a�t�i�,� �N�.� �(�1�9�8�8�)�.� �T�o�w�a�r�d�s� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �c�o�h�e�s�i�v�e� �m�o�d�e�l� �o�f� �w�o�r�k�l�o�a�d�.� �I�n� �P�.� �A�.� 

�H�a�n�c�o�c�k� �a�n�d� �N�.� �M�e�s�h�k�a�t�i� �(�E�d�s�.�)�,� �H�u�m�a�n� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �(�p�p�.� �3�0�5�-�3�1�4�)�.� 

�A�m�s�t�e�r�d�a�m�:� �E�l�s�e�v�i�e�r� �S�c�i�e�n�c�e�.� 

�M�e�s�h�k�a�t�i�,� �N�.�,� �a�n�d� �L�o�e�w�e�n�t�h�a�l�,� �A�.� �(�1�9�8�8�)�.� �A�n� �e�c�l�e�c�t�i�c� �a�n�d� �c�r�i�t�i�c�a�l� �r�e�v�i�e�w� �o�f� �f�o�u�r� �p�r�i�m�a�r�y� 

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

�I�n� �P�.� �A�.� �H�a�n�c�o�c�k� �a�n�d� �N�.� �M�e�s�h�k�a�t�i� �(�E�d�s�.�)�,� �H�u�m�a�n� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �(�p�p�.� �2�5�1�-�2�6�6�)�.� 

�A�m�s�t�e�r�d�a�m�:� �E�l�s�e�v�i�e�r� �S�c�i�e�n�c�e�.� 

�M�i�l�l�e�r�,� �G�.� �A�.� �(�1�9�5�6�)�.� �T�h�e� �m�a�g�i�c�a�l� �n�u�m�b�e�r� �s�e�v�e�n�,� �p�l�u�s� �o�r� �m�i�n�u�s� �t�w�o�:� �S�o�m�e� �l�i�m�i�t�s� �o�n� �o�u�r� 

�c�a�p�a�c�i�t�y� �f�o�r� �p�r�o�c�e�s�s�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �R�e�v�i�e�w�,� �6�3�,� �8�1�-�9�7�.� 

�N�e�t�e�r�,� �J�.�,� �a�n�d� �W�a�s�s�e�r�m�a�n�,� �W�.� �(�1�9�7�4�)�.� �A�p�p�l�i�e�d� �l�i�n�e�a�r� �s�t�a�t�i�s�t�i�c�a�l� �m�o�d�e�l�s�.� �H�o�m�e�w�o�o�d�,� �I�L�:� 

�R�i�c�h�a�r�d� �I�r�w�i�n�.� 

�O ��D�o�n�n�e�l�l�,� �R�.� �D�.�,� �a�n�d� �E�g�g�e�m�e�i�e�r�,� �F�.� �T�.� �(�1�9�8�6�)�.� �W�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �m�e�t�h�o�d�o�l�o�g�y�.� �I�n� 

�K�.� �R�.� �B�o�f�f�,� �L�.� �K�a�u�f�m�a�n�,� �a�n�d� �J�.� �P�.� �T�h�o�m�a�s� �(�E�d�s�.�)�,� �H�a�n�d�b�o�o�k� �o�f� �p�e�r�c�e�p�t�i�o�n� �a�n�d� 

�h�u�m�a�n� �p�e�r�f�o�r�m�a�n�c�e� �(�V�o�l�.� �I�I�,� �p�p�.� �4�2�.�1�-�4�2�.�5�2�)�.� �N�e�w� �Y�o�r�k�:� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�.� 

�P�o�u�l�t�o�n�,� �E�.� �C�.� �(�1�9�7�4�)�.� �T�r�a�c�k�i�n�g� �s�k�i�l�l� �a�n�d� �m�a�n�u�a�l� �c�o�n�t�r�o�l�.� �N�e�w� �Y�o�r�k�:� �A�c�a�d�e�m�i�c� �P�r�e�s�s�.� 

�R�e�i�d�,� �G�.� �B�.� �(�1�9�8�5�)�.� �C�u�r�r�e�n�t� �s�t�a�t�u�s� �o�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �S�u�b�j�e�c�t�i�v�e� �W�o�r�k�l�o�a�d� 

�A�s�s�e�s�s�m�e�n�t� �T�e�c�h�n�i�q�u�e�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y� �2�9�t�h� �A�n�n�u�a�l� 

�M�e�e�t�i�n�g� �(�p�p�.� �2�2�0�-�2�2�3�)�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�.
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�R�e�i�d�,� �G�.� �B�.�,� �a�n�d� �N�y�g�r�e�n�,� �T�.� �E�.� �(�1�9�8�8�)�.� �T�h�e� �s�u�b�j�e�c�t�i�v�e� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� �t�e�c�h�n�i�q�u�e�:� �A� 

�s�c�a�l�i�n�g� �p�r�o�c�e�d�u�r�e� �f�o�r� �m�e�a�s�u�r�i�n�g� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d�.� �I�n� �P�.� �A�.� �H�a�n�c�o�c�k� �a�n�d� �N�.� �M�e�s�h�k�a�t�i� 

�(�E�d�s�.�)�,� �H�u�m�a�n� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �(�p�p�.� �1�8�5�-�2�1�8�)�.� �A�m�s�t�e�r�d�a�m�:� �E�l�s�e�v�i�e�r� �S�c�i�e�n�c�e�.� 

�R�e�i�d�,� �G�.� �B�.�,� �P�o�t�t�e�r�,� �S�.� �S�.�,� �a�n�d� �B�r�e�s�s�l�e�r�,� �J�.� �R�.� �(�1�9�8�9�)�.� �S�u�b�j�e�c�t�i�v�e� �w�o�r�k�l�o�a�d� �a�s�s�e�s�s�m�e�n�t� 

�t�e�c�h�n�i�q�u�e� �(�S�W�A�T�)�:� �A� �u�s�e�r ��s� �g�u�i�d�e� �(�U�)�.� �(�T�e�c�h�.� �R�e�p�o�r�t� �N�o�.� �A�A�M�R�L�-�T�R�-�-�8�9�-�0�2�3�)�.� 

�D�a�y�t�o�n�,� �O�H�:� �A�r�m�s�t�r�o�n�g� �A�e�r�o�s�p�a�c�e� �M�e�d�i�c�a�l� �R�e�s�e�a�r�c�h� �L�a�b�o�r�a�t�o�r�y�,� �W�r�i�g�h�t�-�P�a�t�t�e�r�s�o�n� 

�A�F�B�.� 

�R�e�i�d�,� �G�.� �B�.�,� �S�h�i�n�g�l�e�d�e�c�k�e�r�,� �C�.� �A�.�,� �a�n�d� �E�g�g�e�m�e�i�e�r�,� �F�.� �T�.� �(�1�9�8�1�)�.� �A�p�p�l�i�c�a�t�i�o�n� �o�f� �c�o�n�j�o�i�n�t� 

�m�e�a�s�u�r�e�m�e�n�t� �t�o� �w�o�r�k�l�o�a�d� �s�c�a�l�e� �d�e�v�e�l�o�p�m�e�n�t�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� 

�S�o�c�i�e�t�y� �2�5�t�h� �A�n�n�u�a�l� �M�e�e�t�i�n�g� �(�p�p�.� �5�2�2�-�5�2�6�)�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� �H�u�m�a�n� �F�a�c�t�o�r�s� 

�S�o�c�i�e�t�y�.� 

�R�e�i�n�h�a�r�t�,� �W�.� �F�.�,� �G�l�y�n�n�,� �C�.� �D�.�,� �D�y�e�,� �C�.�,� �T�a�k�a�h�a�m�a�,� �M�.� �S�.�,� �a�n�d� �S�n�y�d�e�r�,� �H�.� �L�.� �(�1�9�8�8�)�.� 

�T�h�e� �r�o�l�e� �o�f� �S�h�o�r�t�-�t�e�r�m� �m�e�m�o�r�y� �i�n� �o�p�e�r�a�t�o�r� �w�o�r�k�l�o�a�d� �(�T�e�c�h�.� �R�e�p�o�r�t� �N�o�.� �A�A�M�R�L�-�T�R�-�-� 

�8�8�-�0�2�4�)�.� �D�a�y�t�o�n�,� �O�H�:� �A�r�m�s�t�r�o�n�g� �A�e�r�o�s�p�a�c�e� �M�e�d�i�c�a�l� �R�e�s�e�a�r�c�h� �L�a�b�o�r�a�t�o�r�y�,� �W�r�i�g�h�t�-� 

�P�a�t�t�e�r�s�o�n� �A�F�B�.� 

�R�o�u�s�e�,� �W�.� �B�.� �(�1�9�7�9�)�.� �A�p�p�r�o�a�c�h�e�s� �t�o� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d�.� �I�n� �N�.� �M�o�r�a�y� �(�E�d�.�)�,� �M�e�n�t�a�l� 

�w�o�r�k�l�o�a�d�:� �I�t�s� �t�h�e�o�r�y� �a�n�d� �m�e�a�s�u�r�e�m�e�n�t� �(�p�p�.� �2�5�5�-�2�6�2�)�.� �N�e�w� �Y�o�r�k�:� �P�l�e�n�u�m� �P�r�e�s�s�.� 

�S�a�n�d�e�r�s�,� �M�.� �S�.�,� �a�n�d� �M�c�C�o�n�m�i�c�k�,� �E�.� �J�.� �(�1�9�8�7�)�.� �H�u�m�a�n� �f�a�c�t�o�r�s� �i�n� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �d�e�s�i�g�n�.� 

�N�e�w� �Y�o�r�k�:� �M�c�G�r�a�w�-�H�i�l�l�.� 

�S�c�h�n�e�i�d�e�r�,� �W�.�,� �a�n�d� �S�h�i�f�f�r�i�n�,� �R�.� �M�.� �(�1�9�7�7�)�.� �C�o�n�t�r�o�l�l�e�d� �a�n�d� �a�u�t�o�m�a�t�i�c� �h�u�m�a�n� �i�n�f�o�r�m�a�t�i�o�n� 

�p�r�o�c�e�s�s�i�n�g�:� �I�.� �D�e�t�e�c�t�i�o�n�,� �s�e�a�r�c�h�,� �a�n�d� �a�t�t�e�n�t�i�o�n�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �R�e�v�i�e�w�,� �8�4�,� �1�-�6�6�.� 

�S�h�i�f�f�r�i�n�,� �R�.� �M�.�,� �a�n�d� �S�c�h�n�e�i�d�e�r�,� �W�.� �(�1�9�7�7�)�.� �C�o�n�t�r�o�l�l�e�d� �a�n�d� �a�u�t�o�m�a�t�i�c� �h�u�m�a�n� �i�n�f�o�r�m�a�t�i�o�n� 

�p�r�o�c�e�s�s�i�n�g�:� �I�I�.� �P�e�r�c�e�p�t�u�a�l� �l�e�a�r�n�i�n�g�,� �a�u�t�o�m�a�t�i�c� �a�t�t�e�n�d�i�n�g�,� �a�n�d� �a� �g�e�n�e�r�a�l� �t�h�e�o�r�y�.� 

�P�s�y�c�h�o�l�o�g�i�c�a�l� �R�e�v�i�e�w�,� �8�4�,� �1�2�7�-�1�9�0�.
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�S�m�i�t�h�,� �E�.� �E�.� �(�1�9�6�7�)�.� �E�f�f�e�c�t�s� �o�f� �f�a�m�i�l�i�a�r�i�t�y� �o�n� �s�t�i�m�u�l�u�s� �r�e�c�o�g�n�i�t�i�o�n� �a�n�d� �c�a�t�e�g�o�r�i�z�a�t�i�o�n�.� 

�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�,� �7�4�,� �3�2�4�-�3�3�2�.� 

�S�t�e�r�n�b�e�r�g�,� �S�.� �(�1�9�6�6�)�.� �H�i�g�h�-�s�p�e�e�d� �s�c�a�n�n�i�n�g� �i�n� �h�u�m�a�n� �m�e�m�o�r�y�.� �S�c�i�e�n�c�e�,� �1�5�3�,� �6�5�2�-�6�5�4�.� 

�S�t�e�r�n�b�e�r�g�,� �S�.� �(�1�9�6�7�)�.� �R�e�t�r�i�e�v�a�l� �o�f� �c�o�n�t�e�x�t�u�a�l� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �m�e�m�o�r�y�.� �P�s�y�c�h�o�n�o�m�i�c� 

�S�c�i�e�n�c�e�,� �8�,� �5�5�-�5�6�.� 

�S�t�e�r�n�b�e�r�g�,� �S�.� �(�1�9�6�9�)�.� �M�e�m�o�r�y� �s�c�a�n�n�i�n�g�:� �M�e�n�t�a�l� �p�r�o�c�e�s�s�e�s� �r�e�v�e�a�l�e�d� �b�y� �r�e�a�c�t�i�o�n�-�t�i�m�e� 

�e�x�p�e�r�i�m�e�n�t�s�.� �A�m�e�r�i�c�a�n� �S�c�i�e�n�t�i�s�t�,� �5�7�,� �4�2�1�-�4�2�7�.� 

�S�t�e�r�n�b�e�r�g�,� �S�.� �(�1�9�7�5�)�.� �M�e�m�o�r�y� �s�c�a�n�n�i�n�g�:� �N�e�w� �f�i�n�d�i�n�g�s� �a�n�d� �c�u�r�r�e�n�t� �c�o�n�t�r�o�v�e�r�s�i�e�s�.� 

�Q�u�a�r�t�e�r�l�y� �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�,� �2�7�,� �1�-�3�2�.� 

�T�s�a�n�g�,� �P�.� �S�.�,� �a�n�d� �W�i�c�k�e�n�s�,� �C�.� �D�.� �(�1�9�8�4�)�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �t�a�s�k� �s�t�r�u�c�t�u�r�e� �o�n� �t�i�m�e�-�s�h�a�r�i�n�g� 

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

�C�o�n�f�e�r�e�n�c�e� �o�n� �M�a�n�u�a�l� �C�o�n�t�r�o�l� �(�V�o�l�.� �2�,� �p�p�.� �3�0�5�-�3�1�7�)�.� �W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �N�A�S�A�.� 

�V�i�d�u�l�i�c�h�,� �M�.� �A�.�,� �a�n�d� �T�s�a�n�g�,� �P�.� �S�.� �(�1�9�8�5�)�.� �T�e�c�h�n�i�q�u�e�s� �o�f� �s�u�b�j�e�c�t�i�v�e� �w�o�r�k�l�o�a�d� 

�a�s�s�e�s�s�m�e�n�t�:� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �S�W�A�T� �a�n�d� �N�A�S�A�-�B�i�p�o�l�a�r� �m�e�t�h�o�d�s�.� �E�r�g�o�n�o�m�i�c�s�,� �2�9�,� 

�1�3�8�5�-�1�3�9�8�.� 

�W�i�c�k�e�n�s�,� �C�.� �D�.� �(�1�9�8�0�)�.� �T�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �a�t�t�e�n�t�i�o�n�a�l� �r�e�s�o�u�r�c�e�s�.� �I�n� �R�.� �S�.� �N�i�c�k�e�r�s�o�n� �(�E�d�.�)�,� 

�A�t�t�e�n�t�i�o�n� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �V�I�I�I� �(�p�p�.� �2�3�9�-�2�5�7�)�.� �H�i�l�l�s�d�a�l�e�,� �N�J�:� �L�a�w�r�e�n�c�e� �E�r�l�b�a�u�m� 

�A�s�s�o�c�i�a�t�e�s�.� 

�W�i�c�k�e�n�s�,� �C�.� �D�.� �(�1�9�8�4�a�)�.� �P�r�o�c�e�s�s�i�n�g� �r�e�s�o�u�r�c�e�s� �i�n� �a�t�t�e�n�t�i�o�n�.� �I�n� �R�.� �P�a�r�a�s�u�r�a�m�a�n� �a�n�d� �R�.� �D�.� 

�D�a�v�i�e�s� �(�E�d�s�.�)�,� �V�a�r�i�e�t�i�e�s� �o�f� �a�t�t�e�n�t�i�o�n� �(�p�p�.� �6�3�-�1�0�2�)�.� �H�i�l�l�s�d�a�l�e�,� �N�J�:� �L�a�w�r�e�n�c�e� �E�r�l�b�a�u�m� 

�A�s�s�o�c�i�a�t�e�s�.� 

�W�i�c�k�e�n�s�,� �C�.� �D�.� �(�1�9�8�4�b�)�.� �E�n�g�i�n�e�e�r�i�n�g� �p�s�y�c�h�o�l�o�g�y� �a�n�d� �h�u�m�a�n� �p�e�r�f�o�r�m�a�n�c�e�.� �C�o�l�u�m�b�u�s�,� 

�O�H�:� �C�h�a�r�l�e�s� �E�.� �M�e�r�r�i�l�l� �P�u�b�l�i�s�h�i�n�g�.� 

�W�i�c�k�e�n�s�,� �C�.� �D�.� �(�1�9�8�9�)�.� �A�t�t�e�n�t�i�o�n� �a�n�d� �s�k�i�l�l�e�d� �p�e�r�f�o�r�m�a�n�c�e�.� �I�n� �D�.� �H�.� �H�o�l�d�i�n�g� �(�E�d�.�)�,� 

�H�u�m�a�n� �s�k�i�l�l�s� �(�p�p�.� �7�1�-�1�0�5�)�.� �N�e�w� �Y�o�r�k�:� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�.
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�W�i�c�k�e�n�s�,� �C�.� �D�.�,� �H�y�m�a�n�,� �F�.� �C�.�,� �D�e�l�l�i�n�g�e�r�,� �J�.� �A�.�,� �T�a�y�l�o�r�,� �H�.� �L�.�,� �a�n�d� �M�e�a�d�o�r�,� �M�.� �(�1�9�8�6�)�.� 

�T�h�e� �S�t�e�r�n�b�e�r�g� �m�e�m�o�r�y� �s�e�a�r�c�h� �t�a�s�k� �a�s� �a�n� �i�n�d�e�x� �o�f� �p�i�l�o�t� �w�o�r�k�l�o�a�d�.� �E�r�g�o�n�o�m�i�c�s�,� �2�9�,� 

�1�3�7�1�-�1�3�8�3�.� 

�W�i�e�n�e�r�,� �E�.� �L�.�,� �a�n�d� �N�a�g�e�l�,� �D�.� �C�.� �(�E�d�s�.�)�.� �(�1�9�8�8�)�.� �H�u�m�a�n� �f�a�c�t�o�r�s� �i�n� �a�v�i�a�t�i�o�n�.� �N�e�w� �Y�o�r�k�:� 

�A�c�a�d�e�m�i�c� �P�r�e�s�s�.� 

�W�i�e�r�w�i�l�l�e�,� �W�.� �W�.� �(�1�9�7�9�)�.� �P�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�s� �o�f� �a�i�r�c�r�e�w� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d�.� �H�u�n�a�n� 

�F�a�c�t�o�r�s�,� �2�1�,� �5�7�5�-�5�9�3�.� 

�W�i�l�l�i�g�e�s�,� �R�.� �C�.�,� �a�n�d� �W�i�e�r�w�i�l�l�e�,� �W�.� �W�.� �(�1�9�7�9�)�.� �B�e�h�a�v�i�o�r�a�l� �m�e�a�s�u�r�e�s� �o�f� �a�i�r�c�r�e�w� �m�e�n�t�a�l� 

�w�o�r�k�l�o�a�d�.� �H�u�m�a�n� �F�a�c�t�o�r�s�,� �2�1�,� �5�4�9�-�5�7�4�.� 

�W�i�l�s�o�n�,� �G�.� �F�.�,� �a�n�d� �O ��D�o�n�n�e�l�l�,� �R�.� �D�.� �(�1�9�8�8�)�.� �M�e�a�s�u�r�e�m�e�n�t� �o�f� �o�p�e�r�a�t�o�r� �w�o�r�k�l�o�a�d� �i�n� �t�h�e� 

�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�y�.� �I�n� �P�.� �A�.� �H�a�n�c�o�c�k� �a�n�d� �N�.� �M�e�s�h�k�a�t�i� �(�E�d�s�.�)�,� �H�u�m�a�n� 

�m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �(�p�p�.� �6�3�-�1�0�0�)�.� �A�m�s�t�e�r�d�a�m�:� �E�l�s�e�v�i�e�r� �S�c�i�e�n�c�e�.� 

�Y�e�h�,� �Y�.� �Y�.�,� �a�n�d� �W�i�c�k�e�n�s�,� �C�.� �D�.� �(�1�9�8�8�)�.� �D�i�s�s�o�c�i�a�t�i�o�n� �o�f� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �s�u�b�j�e�c�t�i�v�e� 

�m�e�a�s�u�r�e�s� �o�f� �w�o�r�k�l�o�a�d�.� �H�u�m�a�n� �F�a�c�t�o�r�s�,� �3�0�,� �1�1�1�-�1�2�0�.



�A�P�P�E�N�D�I�X� �A� 

�P�A�R�T�I�C�I�P�A�N�T ��S� �I�N�F�O�R�M�E�D� �C�O�N�S�E�N�T� 
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�P�A�R�T�I�C�I�P�A�N�T ��S� �I�N�F�O�R�M�E�D� �C�O�N�S�E�N�T� 

�Y�o�u� �a�r�e� �b�e�i�n�g� �a�s�k�e�d� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �a� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� 
�i�s� �t�o� �e�x�a�m�i�n�e� �p�e�r�f�o�r�m�a�n�c�e� �g�i�v�e�n� �v�i�s�u�a�l� �d�i�s�p�l�a�y� �t�a�s�k�s� �o�f� �d�i�f�f�e�r�e�n�t� �c�o�m�p�l�e�x�i�t�i�e�s�.� �T�h�e� �t�a�s�k� 
�w�i�l�l� �r�e�q�u�i�r�e� �y�o�u� �t�o� �c�o�m�p�l�e�t�e� �n�u�m�e�r�o�u�s� �t�r�i�a�l�s�.� �I�n� �e�a�c�h� �t�r�i�a�l� �y�o�u� �w�i�l�l� �v�i�e�w� �a� �c�o�m�p�u�t�e�r� 
�d�i�s�p�l�a�y� �a�n�d� �r�e�c�a�l�l� �d�i�s�p�l�a�y�e�d� �i�n�f�o�r�m�a�t�i�o�n�.� 

�T�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �b�e�i�n�g� �c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �H�u�m�a�n� �F�a�c�t�o�r�s� �L�a�b�o�r�a�t�o�r�y� �o�f� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� 
�I�n�d�u�s�t�r�i�a�l� �E�n�g�i�n�e�e�r�i�n�g� �a�n�d� �O�p�e�r�a�t�i�o�n�s� �R�e�s�e�a�r�c�h� �(�I�E�O�R�)�.� �I�E�O�R� �r�e�s�e�a�r�c�h� �t�e�a�m� �m�e�m�b�e�r�s� �o�n� 
�t�h�i�s� �p�r�o�j�e�c�t� �i�n�c�l�u�d�e�:� 

�D�r�.� �R�o�b�e�r�t� �J�.� �B�e�a�t�o�n�,� �F�a�c�u�l�t�y� �M�e�m�b�e�r� �a�n�d� �P�r�i�n�c�i�p�l�e� �I�n�v�e�s�t�i�g�a�t�o�r� �(�2�3�1�-�5�9�3�6�)� 
�K�a�y� �C�.� �T�a�n�,� �D�o�c�t�o�r�a�l� �S�t�u�d�e�n�t� �a�n�d� �R�e�s�e�a�r�c�h� �A�s�s�i�s�t�a�n�t� �(�2�3�1�-�5�4�9�9�)� 
�M�i�c�h�a�e�l� �J�.� �K�a�h�n�,� �D�o�c�t�o�r�a�l� �S�t�u�d�e�n�t� �a�n�d� �R�e�s�e�a�r�c�h� �A�s�s�i�s�t�a�n�t� �(�2�3�1�-�5�4�9�9�)� 

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

�S�c�r�e�e�n�i�n�g� �T�e�s�t�s� 

�F�i�r�s�t�,� �y�o�u� �w�i�l�l� �c�o�m�p�l�e�t�e� �a� �s�c�r�e�e�n�i�n�g� �p�r�o�c�e�d�u�r�e� �i�n�v�o�l�v�i�n�g� �a� �c�o�n�t�r�a�s�t� �s�e�n�s�i�t�i�v�i�t�y� �a�n�d� �a� 
�c�o�l�o�r� �t�e�s�t�.� �T�h�i�s� �t�e�s�t� �w�i�l�l� �l�a�s�t� �a�b�o�u�t� �1�0� �m�i�n�u�t�e�s�.� �Y�o�u� �w�i�l�l� �n�o�t� �b�e� �p�a�i�d� �f�o�r� �c�o�m�p�l�e�t�i�n�g� �t�h�e� 
�s�c�r�e�e�n�i�n�g� �p�r�o�c�e�d�u�r�e�.� 

�I�f� �y�o�u� �a�r�e� �n�o�t� �i�n�v�i�t�e�d� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�e� �s�e�c�o�n�d� �p�o�r�t�i�o�n� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �y�o�u� �s�h�o�u�l�d� �n�o�t� 
�c�o�n�s�i�d�e�r� �t�h�i�s� �a�s� �a�n� �i�n�a�d�e�q�u�a�c�y�.� �W�e� �a�r�e� �s�e�e�k�i�n�g� �p�e�o�p�l�e� �w�i�t�h� �s�p�e�c�i�f�i�c� �v�i�s�u�a�l� �a�b�i�l�i�t�i�e�s�.� �A�l�s�o�,� 
�a�s� �y�o�u� �a�r�e� �a�w�a�r�e�,� �p�e�o�p�l�e� �e�m�p�l�o�y� �d�i�f�f�e�r�e�n�t� �p�e�r�c�e�p�t�u�a�l� �s�t�y�l�e�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s�.� �W�e� �a�r�e� 
�s�e�e�k�i�n�g� �p�e�o�p�l�e� �w�h�o� �u�s�e� �a� �s�p�e�c�i�f�i�c� �s�t�y�l�e�.� �I�n� �f�a�c�t�,� �i�t� �i�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �m�a�n�y� �o�f� �t�h�e� �v�o�l�u�n�t�e�e�r�s� 
�w�h�o� �a�p�p�l�y� �w�i�l�l� �n�o�t� �b�e� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �t�h�i�s� �s�p�e�c�i�f�i�c� �v�i�s�u�a�l� �e�x�p�e�r�i�m�e�n�t�.� 

�E�x�p�e�r�i�m�e�n�t� �S�e�s�s�i�o�n�s� 

�T�h�e� �s�e�c�o�n�d� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�t�u�d�y� �i�s� �e�x�p�e�c�t�e�d� �t�o� �l�a�s�t� �5� �d�a�y�s� �(�s�t�a�r�t�i�n�g� �t�o�d�a�y�)�.� �T�h�e� �f�i�r�s�t� 
�s�e�s�s�i�o�n� �w�i�l�l� �l�a�s�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2� �h�o�u�r�s�;� �s�u�b�s�e�q�u�e�n�t� �s�e�s�s�i�o�n�s� �w�i�l�l� �b�e� �a�b�o�u�t� �1� �h�o�u�r� �e�a�c�h�.� �I�f� 
�y�o�u� �d�e�c�i�d�e� �t�o� �p�a�r�t�i�c�i�p�a�t�e�,� �y�o�u� �w�i�l�l� �b�e� �p�a�i�d� �$�2�5� �u�p�o�n� �c�o�m�p�l�e�t�i�n�g� �a�l�l� �5� �s�e�s�s�i�o�n�s�.� �/�f� �y�o�u� �d�o� 
�n�o�t� �c�o�m�p�l�e�t�e� �a�l�l� �5� �s�e�s�s�i�o�n�s�,� �y�o�u� �w�i�l�l� �n�o�t� �b�e� �p�a�i�d�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �y�o�u�r� �d�a�t�a� �w�i�l�l� �b�e� �o�f� �n�o� 
�u�s�e� �t�O� �u�s�.� 

�D�u�r�i�n�g� �t�h�e�s�e� �s�e�s�s�i�o�n�s� �y�o�u� �w�i�l�l� �c�o�m�p�l�e�t�e� �n�u�m�e�r�o�u�s� �t�r�i�a�l�s�.� �I�n� �e�a�c�h� �t�r�i�a�l� �y�o�u� �w�i�l�l� �v�i�e�w� �a� 
�c�o�m�p�u�t�e�r� �d�i�s�p�l�a�y� �a�n�d� �r�e�c�a�l�l� �d�i�s�p�l�a�y�e�d� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e�r�e� �a�r�e� �n�o� �k�n�o�w�n� �r�i�s�k�s� �a�s�s�o�c�i�a�t�e�d� 
�w�i�t�h� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �T�h�e� �o�n�l�y� �k�n�o�w�n� �d�i�s�c�o�m�f�o�r�t� �t�o� �w�h�i�c�h� �y�o�u� �w�i�l�l� �b�e� �e�x�p�o�s�e�d� �i�s� �p�o�s�s�i�b�l�e� 
�f�a�t�i�g�u�e� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �H�o�w�e�v�e�r�,� �y�o�u� �w�i�l�l� �b�e� �p�e�r�m�i�t�t�e�d� �t�o� �t�a�k�e� 
�r�e�s�t� �b�r�e�a�k�s� �w�h�e�n� �n�e�e�d�e�d�.



�9�7� 

�A�s� �a� �S�u�b�j�e�c�t�,� �Y�o�u� �H�a�v�e� �C�e�r�t�a�i�n� �R�i�g�h�t�s�:� 

�1�.� �I�t� �i�s� �y�o�u�r� �r�i�g�h�t� �t�o� �w�i�t�h�d�r�a�w� �f�r�o�m� �t�h�e� �s�t�u�d�y� �a�t� �a�n�y� �t�i�m�e� �f�o�r� �a�n�y� �r�e�a�s�o�n�.� �H�o�w�e�v�e�r�,� �a�s� 
�S�t�a�t�e�d� �e�a�r�l�i�e�r�,� �y�o�u� �w�i�l�l� �n�o�t� �b�e� �p�a�i�d� �i�f� �y�o�u� �d�o� �n�o�t� �c�o�m�p�l�e�t�e� �a�l�l� �5� �s�e�s�s�i�o�n�s�.� 

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

�.� �Y�o�u� �h�a�v�e� �t�h�e� �r�i�g�h�t� �t�o� �s�e�e� �y�o�u�r� �d�a�t�a� �a�n�d� �w�i�t�h�d�r�a�w� �t�h�e�m� �i�f� �y�o�u� �s�o� �d�e�s�i�r�e�.� �I�f� �y�o�u� 
�d�e�c�i�d�e� �t�o� �w�i�t�h�d�r�a�w� �y�o�u�r� �d�a�t�a�,� �p�l�e�a�s�e� �i�n�f�o�r�m� �t�h�e� �e�x�p�e�r�i�m�e�n�t�e�r� �i�m�m�e�d�i�a�t�e�l�y�.� 
�O�t�h�e�r�w�i�s�e�,� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �y�o�u�r� �d�a�t�a� �w�i�l�l� �n�o�t� �b�e� �p�o�s�s�i�b�l�e� �s�i�n�c�e� �i�t� �i�s� �s�e�p�a�r�a�t�e�d� �f�r�o�m� 
�t�h�e� �p�a�r�t�i�c�i�p�a�n�t� �i�n� �o�r�d�e�r� �t�o� �e�n�s�u�r�e� �a�n�o�n�y�m�i�t�y�.� 

�.� �I�f� �y�o�u� �w�i�s�h� �t�o� �r�e�c�e�i�v�e� �a� �s�u�m�m�a�r�y� �o�f� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �p�l�e�a�s�e� �i�n�c�l�u�d�e� �y�o�u�r� 
�a�d�d�r�e�s�s� �(�w�h�e�r�e� �y�o�u� �e�x�p�e�c�t� �t�o� �b�e� �l�i�v�i�n�g� �t�h�r�e�e� �m�o�n�t�h�s� �f�r�o�m� �n�o�w�)� �w�i�t�h� �y�o�u�r� �s�i�g�n�a�t�u�r�e� 
�b�e�l�o�w�.� �P�l�e�a�s�e� �d�o� �s�o� �o�n�l�y� �i�f� �y�o�u� �a�r�e� �t�r�u�l�y� �i�n�t�e�r�e�s�t�e�d� �i�n� �s�e�e�i�n�g� �t�h�e� �r�e�s�u�l�t�s�.� �I�f� �y�o�u� 
�d�e�s�i�r�e� �m�o�r�e� �d�e�t�a�i�l�e�d� �i�n�f�o�r�m�a�t�i�o�n� �a�f�t�e�r� �r�e�c�e�i�v�i�n�g� �t�h�e� �s�y�n�o�p�s�i�s�,� �p�l�e�a�s�e� �c�o�n�t�a�c�t� �t�h�e� 
�H�u�m�a�n� �F�a�c�t�o�r�s� �L�a�b�o�r�a�t�o�r�y� �a�n�d� �a� �f�u�l�l� �r�e�p�o�r�t� �w�i�l�l� �b�e� �m�a�d�e� �a�v�a�i�l�a�b�l�e� �t�o� �y�o�u�.� 

�.� �S�h�o�u�l�d� �a�n�y� �f�u�r�t�h�e�r� �q�u�e�s�t�i�o�n�s� �o�r� �p�r�o�b�l�e�m�s� �a�r�i�s�e�,� �y�o�u� �m�a�y� �c�o�n�t�a�c�t� �a�n�y� �o�f� �t�h�e� 
�r�e�s�e�a�r�c�h� �t�e�a�m� �m�e�m�b�e�r�s�.� �I�f� �y�o�u� �h�a�v�e� �a�n�y� �c�o�n�c�e�r�n�s� �a�b�o�u�t� �t�h�e� �w�a�y� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �i�s� 
�b�e�i�n�g� �c�o�n�d�u�c�t�e�d� �o�r� �t�h�e� �w�a�y� �y�o�u� �a�r�e� �b�e�i�n�g� �t�r�e�a�t�e�d�,� �y�o�u� �m�a�y� �c�o�n�t�a�c�t� �D�r�.� �E�.� �R�.� �S�t�o�u�t�,� 
�C�h�a�i�r�p�e�r�s�o�n� �o�f� �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� �(�2�3�1�-�5�2�8�1�)�.� 

�Y�o�u�r� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�s� �g�r�e�a�t�l�y� �a�p�p�r�e�c�i�a�t�e�d� �a�n�d� �w�e� �h�o�p�e� �t�h�a�t� �y�o�u� �w�i�l�l� �f�i�n�d� �t�h�e� �s�t�u�d�y� �a� �p�l�e�a�s�a�n�t� 
�a�n�d� �i�n�t�e�r�e�s�t�i�n�g� �e�x�p�e�r�i�e�n�c�e�.� �Y�o�u�r� �s�i�g�n�a�t�u�r�e� �b�e�l�o�w� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �y�o�u� �h�a�v�e� �r�e�a�d� �t�h�i�s� 
�d�o�c�u�m�e�n�t� �i�n� �i�t�s� �e�n�t�i�r�e�t�y�,� �t�h�a�t� �y�o�u�r� �q�u�e�s�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �a�n�s�w�e�r�e�d�,� �a�n�d� �t�h�a�t� �y�o�u� �c�o�n�s�e�n�t� �t�o� 
�p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�e� �s�t�u�d�y� �d�e�s�c�r�i�b�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �y�o�u�r� �s�i�g�n�a�t�u�r�e� �b�e�l�o�w� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �y�o�u� 
�w�i�l�l� �n�o�t� �d�i�s�c�u�s�s� �t�h�i�s� �s�t�u�d�y� �w�i�t�h� �a�n�y�o�n�e� �u�n�t�i�l� �J�u�n�e�,� �1�9�9�0� �w�h�e�n� �t�h�e� �s�t�u�d�y� �i�s� �t�o� �b�e� �c�o�m�p�l�e�t�e�d�.� 

� � 

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


