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(ABSTRACT) 

Large and complex operations environments such as the one being 

designed for the Space Station Freedom will undoubtedly place many 

requirements on crewmembers to simultaneously perform multiple tasks; i.e., 

“multitasking.” Moreover, it is unlikely crewmembers will finish a task without 

being interrupted several times. Depending on the nature of these 

interruptions, crewmembers may be forced to suspend their activities. One 

danger in suspending activities is forgetting (e.g., forgetting what the activities 

were, or one's position within the activities, or certain procedures, etc.). 

Forgetting to complete even a single activity in space may have serious 

consequences. As a countermeasure to forgetting, the present study introduced 

the use of computer- based “reminders.” The purpose of this study was to: (1) 

establish a baseline measure of multitasking, (2) examine the effects of 

interruptions on task performance, and (3) explore the use of computer-based 

"reminders." 

The results revealed subjects could perform three and five simultaneous 

tasks with a response accuracy of 98 percent. A large portion of that 
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performance was attributed to practice and response pacing. In addition, the 

interruption task chosen for this study did not affect reaction time or response 

error performance on the main tasks. The use of a computer-based checkmark 

reminder proved to be beneficial in reducing menu search time regardless of 

the number of items to be located. Search time decreased considerably when 

the reminder was available to subjects as opposed to when it was absent. This 

study concludes that with practice and pacing, people can perform at least five 

simple tasks simultaneously. Furthermore, the benefits of incorporating 

computer-based reminders should not be limited only to multitasking 

environments. 
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INTRODUCTION 

The ability for an operator to perform several computerized tasks 

simultaneously is becoming more of a reality with advances in hardware and 

software technology. Unlike the microprocessors of several years ago, 

computers today have greater capacity for memory storage, real-time 

processing, and user-oriented interface features (e.g., windows, selectable 

menu options, icons, etc.). With these new system capabilities, users can 

simultaneously perform muitiple computerized tasks (Billingsley, 1988). 

User simultaneous interaction with more than two related or unrelated tasks 

is referred to as multitasking. Other synonymous terms found in the literature 

are interleaving activities (Cypher, 1986), time-sharing (Wickens, 1987; 

Wickens, 1984), and concurrent tasks (Boff and Lincoln, 1988). The 

research effort presented here addressed multitasking, task interruptions, 

and the utility of computerized “reminders.” The main purpose was to 

document multitasking performance and the effects of task interruptions. 

Supporting Technology 

Software applications such as Multifinder ™ and Microsoft ™ 

Windows permit users to open and switch among several applications, 

depending on the RAM (random access memory) availability. However, 

having several applications or windows open does not mean the system is 

multiprocessing. In the computer industry, multiprocessing refers to the 
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computer system's capacity to parallel process multiple command inputs or 

multiple applications simultaneously. Most personal computers do not 

support this type of internal computing processing. For the most part, the 

use of display windows simulates system multiprocessing. However, the 

lack of true computer-supported multiprocessing does not imply humans will 

not engage in multiple activities. 

Newer operating systems, such as UNIX, support multiprocessing 

and, therefore, human multitasking in the true sense (Cypher, 1986; 

Newman, Stephens, and Sweetman, 1985). For example, UNIX will allow 

users to simultaneously work on a text editing task while reading and 

answering messages as well as run programs. Usually, this multiple 

interaction is facilitated with the nelp of a window-supported workstation, 

such as the SUN or STAR workstations. Each application or task can be 

visible to the user as a separate window. In turn, each window may have its 

own window-management capabilities (e.g., scrolling, resizing, moving, etc.) 

defined by the system or application parameters. 

Multitasking Examples 

Managers and Office Personnel 

The technological support for human multitasking may be changing 

the way we work. We will more than likely engage in several simultaneous 

activities due to an increase of multiprocessing computers in the workplace. 

Consider, for example, the following hypothetical office scenario: Mr. Brown 

begins his work day by logging onto his computer to read his daily 

messages. While Mr. Brown reads, he remembers he has not completed a 
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budget report. Mr. Brown decides to finish the report while the ideas are 

fresh in his mind and to read his messages later. For the time being, Mr. 

Brown has suspended his reading task for a more important one. He 

proceeds to open and work on the report. While working on the report, he is 

momentarily side-tracked with thoughts about the budget. 

In addition to his originally planned activity, Mr. Brown has now 

engaged in working on several minor subtasks indirectly related to the 

original report. In the midst of his work, he is interrupted by a message 

flashing across his monitor. The message is an urgent request from Mr. 

Brown's supervisor. At his supervisor's request, Mr. Brown suspends all his 

tasks. After several hours, Mr. Brown returns to finish the report. However, 

he realizes he cannot remember all the other subtasks. In addition, Mr. 

Brown has forgotten about his morning computer messages. 

This exampie helps te illustrate the type of multitasking activities. 

found in managerial job settings today. It also exemplifies the need for 

memory aids or “reminders.” In most industries, computers are essential for 

accomplishing every day work activities. The ease with which information 

can be manipulated and accessed with computers almost seems to promote 

or encourage multitasking. Multitasking, however, is not exclusive to 

computer-supported activities. Certain occupational settings require people 

to perform multiple tasks simultaneously throughout the day without the 

necessity for computer assistance (e.g., nurses, switch-board operators, 

school teachers). 

On the other hand, there are occupations which rely heavily on 

computerized systems as well as the human ability to successfully multitask. 
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For example, nuclear control room operators, pilots, and astronauts are often 

required to multitask. In these settings, the margin for error is very small and 

operators cannot risk forgetting to complete certain tasks or procedures as 

Mr. Brown did. 

Pilots and Astronauts 

The multiple cognitive, perceptual, and motor skill task requirements 

cemanced of pilots have been well documented in Wiener and Nagel 

(1988). A pilot, for example, is required to monitor fiight instrumentation (a 

visual task), control the aircraft (a motor task), listen to incoming air traffic 

reports (an auditory task), and troubleshoot (a decision-making task). In 

addition, the complexity of the pilot-aircraft system itself contributes 

significantly tc the number of simultaneous tasks placed on pilots. Itis a 

delicate system. and a breakdown of any components can adversely affect 

the pilot-aircraft performance. An instrument misreading, for example, may 

lead to an incorrect pilot decision and, perhaps, a catastrophic accident. 

This delicate system balance is also observed in the space industry. 

The multiple tasks required of astronauts are similar to those of pilots 

in the sense that they are both required to systematically monitor numerous 

displays, process information from different sources, and are susceptible to 

various forms of interruptions (e.g. ground control communications, 

instrumentation warnings, etc.). Much of the work performed by astronauts 

and pilots can be classified as procedural-based tasks or checklist-types. 

Norman (1990) discusses the role of checklists and why they are used. 

Items on a checklist serve as: (1) reminders, (2) triggers or signals. and (3) 
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Status checks. According to Norman (1990), checklist items communicate 

information to others and also help to minimize future workload by 

distributing and organizing procedures. Checklists are also used as safety 

measures. Items are included to ensure system components are functioning 

properly and within their specified boundaries. 

Interruptions are somewhat problematic in that they may divert human 

attention for long periods of time. Given the criticality and time constraints, 

operators can be forced to suspend activities at the risk of not properly 

completing them (similar to Mr. Brown's illustration). Unfortunately, pilots 

and astronauts do not have the luxury of forgetting to complete even simple 

tasks. As stated earlier, the margin for error is very small. !n both instances, 

human lives and millions of dollars are at stake. 

Multitasking Limitations 

Independent of any particular occupation or operating environment, 

multitasking places great demands on the human: (1) information 

processing system, (2) available attentional resources, and (3) motor skills. 

Simply stated, we cannot do everything at once. Task interruptions, in 

addition, contribute to the demands placed on the human attentional 

resources and memory. In a typical office environment we find many forms 

of “reminders” such as post-it™ notes, to do lists, calendars, memos, and 

office organizers, etc. Some people choose to remind themselves by 

placing urgent work on top of their desk or in specially marked folders. 

Others may ask friends to call and remind them. The point is, we cannot 

remember everything there is to do and we often structure objects in our 
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environment to aid us in our tasks. Therefore, we tend to rely on external 

reminders (Intons-Peterson and Fournier, 1896). 

Background Information 

A multi-year research effort has been undertaken by the Human- 

Computer Interaction Laboratory (HCIL) at NASA's Johnson Space Center 

(JSC) to examine user/system function allocation in a space multitasking 

environment. The objectives are to analyze the “system” composed of one 

human and multiple computer applications for the Space Station Freedom 

Program (SSFP) and related spacecraft applications; propose and evaluate 

methods for improving human-computer interaction in multitasking; and 

Cevelop HCI design guidelines for the space multitasking environment. 

Space Station Freedom 

Space Station Freedom (SSF) is an international partnership arnong 

the United States, the European Space Agency (ESA), the Japanese Space 

Agency (NASDA), and the Canadian Space Agency (CSA). Space Station 

Freedom represents the first step for long duration manned space missions. 

When completed, the Space Station will be a permanent, multipurpose 

facility serving as a laboratory, an observatory, a servicing and assembly 

facility, a manufacturing plant, and a storage warehouse. The SSF's 

computer systems will operate under the guidance of three information 

systems, described in Table 1. Each information system has a primary 

purpose and several secondary support functions. 
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Table 1. A Description of the Space Station Freedom Information 
Systems (edited version, taken from NASA USE-1000, V. 2.1) 

  

1. Space Station Information System (SSIS) - Provide information management 

across the Space Station Freedom. 

Secondary Functions 

* Provide information transfer among flight and ground elements. 

* Provide communications link between crewmembers and payload customers. 

* Provide information transfer in a standard, reliable, transparent fashion. 

* Facilitate operations and processing between customers and their payloads 

independent of geographical location. 

2. Software Support Environment (SSE) - Provide automated rules and tools to 

minimize the cost and risk associated with program software development. 

Secondary Functions 

* Provide common environment for software development and maintenance. 

* Provide open access to SSF software development information. 

* Provide program-wide approved standards and methodologies. 

* Minimize cost of software ownership. 

3. Technical and Management Information System (TMIS) - Provide automated 

rules and tools to facilitate management of program development. 

Secondary Functions 

* Maximize the effectiveness of technical and management processes. 

* Maximize the effective use of system engineering practices. 

* Facilitate the management of information resources. 

* Provide technical and management interfaces with SSF users. 
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The current SSF design specifies there will be three computer 

workstations available to the crewmembers. Each will contain a keyboard, 

hand controllers for controlling several robotic devices, a cursor control 

device, an audio and video disk player and recorder, and a printer among 

other devices (see Appendix lj. Both the workstations and the user display 

unit interfaces wili be designed to strict specifications. The user display unit 

interface design requirements are specified in two documents (NASA, USE 

1000 and DR SY-45.1). Appendix Ii illustrates a few of the interface design 

requirements, such as the dedicated display bar for caution and warning 

signals. 

Research Domain 

Preliminary muititasking research is currently being conducted at 

JSC's Human-Computer Interaction Laboratory (HCIL) to investigate how 

window management capabilities affect user performance as the number 

and type of tasks vary. For example, “How will window management 

capabilities, such as resizing, overlapping, moving, and dragging affect 

performance of several simultaneous tasks?" Accordingly, “How will 

performance change given an increase in the number of display windows as 

a consequence of increasing the number of tasks?" This type of 

investigation is only one of many in a sequence of studies designed to 

investigate human factors related computer interface display issues in 

multitasking. 

The need to study how humans perform multiple computer tasks is 

twofold. First, and perhaps of immediate value to SSFP, comprehensive 
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design guidelines are needed to ensure the user-interface involving any 

multitasking activity is adequately designed. The second need for studying 

human multitasking performance is theoretically based. We need to 

understand (1) the types of cognitive demands multitasking activities 

produce, and (2) the effect on crewmember performance in terms of 

monitoring activities, decision-making, and keeping track of current, 

awaiting, and suspended activities. 

Moreover, the human-to-computer relationship is becoming more of a 

cooperative interaction as evident by the numerous discussions related to 

computer supported cooperative work (Grief, 1988). Particularly with the 

SSF, a crewmember's ability to successfully perform mission tasks will be a 

team intgraction with several computer systems. This team interaction may 

be a joint effort with other crewmembers or ground control personnel. 

However, team interaction should not lessen the need for memory or 

reminding aids. In fact, reminders would probably help to keep team 

members informed of each other's job progress as it may impact their own 

duties. 

Empirical literature in the area of designing display interfaces for a 

multitasking environment is practically non-existent and speculative. At 

best, the literature contains unsupported design recommendations. With the 

exception of Norman, Weldon, and Shneiderman's (1986) discussion of 

cognitive processes, very little information is available on how windows 

should support multiple tasks. In terms of guidelines, Gilmore, Gertman and 

Blackman (1989) provide designers of complex process control systems with 

eleven windowing design guidelines. Unfortunately, the reference sources 
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for these guidelines are not all empirically based. The authors state that few 

comprehensive guidelines are available and that research support for their 

suggested guidelines is low. There is clearly a need for more applied 

design research as well as theoretical inquiry involving all aspects of 

multitasking, not just space applications. 

Research Purpose 

Complex computer systems such as the SSIS will undoubtedly have 

many multitasking requirements. Moreover, it is unlikely crewmembers will 

finish a task without several interruptions. In fact, it is well known that the 

astronauts on Space Shuttle missions are constantly interrupted. It is also 

uniikely the number of interruptions on Space Station Freedom missions will 

be any less than those observed on Shuttle missions. The purpose of this 

study was to document user performance in a multitasking situation given 

interruptions and the availability of a computer-based "reminder." The goal 

of this research was to establish the foundation for future studies involving 

computerized reminding techniques. 
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LITERATURE REVIEW 

Information Processing 

A discussion on multitasking and reminders would not be complete 

without first reviewing the fundamentals of human information processing and 

related limitations. A generaliy accepted model of human information 

processing is represenied in Figure 1 (Wickens, 1987; Wickens, 1984). 

According to the diagram, a stimulus is transmitted via our sensory modalities 

directly to our perceptual recognition process. Having identified the stimulus, a 

decision must then be made as to what type of action to take. A choice is made 

to respond immediately or to temporarily maintain the information in working 

memory. Once in working memory, the information may be transferred to long- 

term memory, "eserved for a later response action, or forgotten altcegether. 

Card, Moran, and Newell (1986) describe working memory functionally as the 

system where "mental operations receive their operands and leave their 

outputs” (p. 45-7). To complete the human information processing model, a 

feedback loop is depicted stemming from the chosen response action as new 

stimuli input to the system and a reservoir of attentional resources is shown 

extending to each of the processing structures. 

The processing activities described in Figure 1 are constrained by the 

capacity of the various mental operations involved. Wickens (1987) describes 

the various mental operation capacities in two generic forms. First, each 

operation has limits on the amount and speed of information that can be 
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Figure 1. Human Information Processing Model (reproduced without 
permission from Wickens, 1987) 
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processed at one time. Second, there are limits to the total attention resource 

pool or "mental energy” available to the human information processing 

system. Much of the processing described in the model requires some level of 

attention to function efficiently, depicted as the cloud of attentional resources in 

Figure 1. The information processing literature review for this study's purpose 

focused primarily on the limitations of attentional resources and working 

memory. 

Working Memory 

Components 

Working memory is believed to be composed of two complementary, yet 

independent, processing subsystem codes labeled “verbal” and "spatial" (see 

Figure 2). These two anchor-points represent a continuum along which mental 

transformations necessary to perform a task occur (Baddelely and Hitch, 1974). 

The verbal/linguistic-symbolic subsystem is responsible for processing 

alphanumeric codes, sets of instructions, directions, and logical operations. 

Conversely, the spatial-analog subsystem is responsible for processing 

information concerning location, analog transformation, and continuous motion 

analysis. An interesting point to note is that these two subsystems share 

general characteristics of rapid information loss and limited storage capacity 

(Wickens, 1987). 

Inputs to working memory may come from several sources: sensory 

codes, long-term memory, and working memory itself. A common characteristic 

of working memory, however, is the continuous need for processing resources 

(Wickens, 1987, p.200). Without some form of attention, the information in 
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working memory will degrade. The importance here is not only in the 

implications for multitasking capabilities, but also for designing computer 

interface displays and reminders to compensate for some of these limitations. 

The display format codes, shown in Figure 2, associated with the two working 

memory codes, provide a basic guideline for designing information displays as 

defined by the input modality (auditory or visual). According to the figure, the 

optimum format for the respective memory code would be verbal-speech and 

spatial-analog. 

Limitations 

Because it is possible for working memory to receive input from sensory 

channels via the sensory codes, much of the limitation attributed to short-term 

memory has also been associated with the working memory's limitations. A 

Classically cited example is rehearsing a new phone number for immediate use, 

which is quickly forgotten thereafter. Much of the work addressing working 

memory limitations has come from research on iconic and echoic code 

interference, insofar as these codes influence the inputs to working memory. 

Unlike long-term memory, the two components or codes comprising 

working memory are subject to interference based on the similarities between 

concurrent activities. The codes themselves have been shown to have limited 

Capacity for storing large amounts of information at any given time, thereby 

contributing to the working memory's limitation. Information held in working 

memory without rehearsal will most likely be forgotten within 10-30 seconds 

(referred to as the Brown-Peterson paradigm--findings summarized in Adams, 

1980 and Wickens, 1987). These limitations are demonstrated by graphically 
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�a�t�t�e�n�t�i�o�n�a�l� �d�e�m�a�n�d�s� �a�s� �t�h�e�y� �a�p�p�l�y� �t�o� �w�o�r�k�i�n�g� �m�e�m�o�r�y� �a�n�d� �m�u�l�t�i�t�a�s�k�i�n�g�.� 

�A�t�t�e�n�t�i�o�n� 

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

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

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

�m�e�m�o�r�y� �a�n�d� �a�n� �o�p�e�r�a�t�o�r�'�s� �a�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �m�u�l�t�i�p�l�e� �t�a�s�k�s�.� 

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

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

�i�n�f�o�r�m�a�t�i�o�n� �i�n� �p�a�r�a�l�l�e�l� �(�W�i�c�k�e�n�s�,� �1�9�8�7� �a�n�d� �W�i�c�k�e�n�s�,� �1�9�8�4�)�.� �W�i�c�k�e�n�s� �d�e�s�c�r�i�b�e�s� 

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �1�8



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

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

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

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

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

�S�e�i�e�c�t�i�v�e� �A�t�t�e�n�t�i�o�n� 

�S�e�l�e�c�t�i�v�e� �a�t�t�e�n�t�i�o�n� �r�e�f�e�r�s� �t�o� �a� �p�e�r�s�o�n�'�s� �a�b�i�l�i�t�y� �t�o� �f�i�x�a�t�e� �a�n�d� �p�r�o�c�e�s�s� �o�n�e� 

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

�r�e�s�o�u�r�c�e�s� �a�n�d� �a�c�t�i�n�g� �a�s� �a� �s�i�n�g�l�e�-�c�h�a�n�n�e�l� �p�r�o�c�e�s�s�o�r� �(�s�e�e� �F�i�g�u�r�e� �4�)�.� �F�o�r� 

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

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

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

�i�n�f�o�r�m�a�t�i�o�n�.� 

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

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

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

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

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

�"�r�e�m�i�n�d�i�n�g� �a�i�d�s�"� �a�s� �s�u�m�m�a�r�i�z�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �q�u�o�t�e� �(�t�a�k�e�n� �f�r�o�m� �W�i�c�k�e�n�s� 

�1�9�8�4�,� �p�.� �2�5�2�)�:� 

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

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

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

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

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

�L�E�C�T�U�R�E�R� �F�I�R�E� �A�L�A�R�M� �L�U�N�C�H� 
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�T�a�s�k� �D�e�m�a�n�d�s� 

�E�x�p�e�c�t�a�t�i�o�n�s� 
�M�o�t�i�v�a�t�i�o�n�s� �a�n�d� �N�e�e�d�s� 

� � � � � � � � � � � 
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�F�i�g�u�r�e� �4�.� �A� �R�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �S�e�l�e�c�t�i�v�e� �M�e�m�o�r�y� �S�i�n�g�l�e�-�C�h�a�n�n�e�l� 

�P�r�o�c�e�s�s�i�n�g� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w



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

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

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

�r�e�m�i�n�d�e�r�s �� �(�M�o�r�a�y�,� �1�9�8�1�)�.� 

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

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

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

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

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

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

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

�D�i�v�i�d�e�d� �A�t�t�e�n�t�i�o�n� 

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

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

�o�b�v�i�o�u�s� �e�x�a�m�p�l�e� �o�f� �p�a�r�a�l�i�e�l� �p�r�o�c�e�s�s�i�n�g� �i�s� �a�n� �a�u�t�o�m�o�b�i�l�e� �d�r�i�v�e�r�'�s� �a�b�i�l�i�t�y� �t�o� �f�o�c�u�s� 

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

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

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

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

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

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

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�1



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�M�u�l�t�i�p�l�e� �r�e�s�o�u�r�c�e� �t�h�e�o�r�y� �a�r�g�u�e�s� �t�h�a�t� �h�u�m�a�n�'�s� �h�a�v�e� �r�e�s�o�u�r�c�e� �c�a�p�a�c�i�t�i�e�s� 

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

�d�i�m�e�n�s�i�o�n�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �5� �a�r�e�:� �(�1�)� �p�r�o�c�e�s�s�i�n�g� �s�t�a�g�e�s�,� �(�2�)� �s�e�n�s�o�r�y� 

�m�o�d�a�l�i�t�i�e�s�,� �a�n�d� �(�3�)� �p�r�o�c�e�s�s�i�n�g� �c�o�d�e�s�.� �T�h�e� �p�r�o�c�e�s�s�i�n�g� �s�t�a�g�e� �d�i�m�e�n�s�i�o�n� �i�s� 

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

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

�b�e�t�t�e�r� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �c�r�o�s�s�-�m�o�d�a�l� �c�h�a�n�n�e�l�s� �(�e�.�g�.�,� �e�y�e� �a�n�d� �e�a�r�)�.� �T�r�e�i�s�m�a�n� 
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�F�i�g�u�r�e� �5�.� �M�u�l�t�i�p�l�e� �R�e�s�o�u�r�c�e� �P�r�o�c�e�s�s�i�n�g� �M�o�d�e�l� �(�r�e�p�r�o�d�u�c�e�d� �w�i�t�h�o�u�t� 
�p�e�r�m�i�s�s�i�o�n� �f�r�o�m� �W�i�c�k�e�n�s�,� �1�9�8�7�)� 
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�a�n�d� �D�a�v�i�e�s� �(�1�9�7�3�)� �f�o�u�n�d� �s�u�b�j�e�c�t�s� �i�n�c�r�e�a�s�e�d� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �d�i�v�i�d�e� �t�h�e�i�r� �a�t�t�e�n�t�i�o�n� 

�a�c�r�o�s�s� �m�o�d�a�l� �c�h�a�n�n�e�l�s�.� �H�o�w�e�v�e�r�,� �c�r�o�s�s�-�m�o�d�a�l� �d�i�v�i�d�e�d� �a�t�t�e�n�t�i�o�n� �w�a�s� �s�t�i�l�l� �l�e�s�s� 

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

�t�h�e� �d�e�g�r�e�e� �o�f� �i�n�t�e�r�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �w�o�r�k�i�n�g� �m�e�m�o�r�y�'�s� �s�p�a�t�i�a�l� �a�n�d� �v�e�r�b�a�l� 

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

�s�u�m�m�a�r�i�z�e�d� �i�n� �W�i�c�k�e�n�s� �(�1�9�8�7� �a�n�d� �1�9�8�4�)�.� 

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

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

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

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

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

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

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

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

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

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

�t�a�s�k�s� �d�o� �n�o�t� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� 

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

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

�K�a�l�m�a�r� �(�1�9�8�7�)� �s�u�p�p�o�r�t�e�d� �t�h�e� �n�o�t�i�o�n� �o�f� �s�e�v�e�r�a�l� �d�i�s�t�i�n�c�t� �r�e�s�o�u�r�c�e�s�,� �t�h�e� �t�o�t�a�l� 

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

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

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

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

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

�o�n�e�'�s� �a�t�t�e�n�t�i�o�n� �m�a�y� �b�e� �a� �f�u�n�c�t�i�o�n� �o�f� �a�n� �i�n�d�i�v�i�d�u�a�l�'�s� �l�e�v�e�l� �o�f� �s�k�i�l�l� �a�n�d� �n�o�t� �d�u�e� �t�o� �a� 

�f�i�x�e�d� �n�u�m�b�e�r� �o�f� �r�e�s�o�u�r�c�e�s� �a�v�a�i�l�a�b�l�e�.� �H�i�r�s�t� �a�n�d� �S�p�l�e�k�e� �(�1�9�8�0�)� �f�o�u�n�d� �t�h�a�t�,� �w�i�t�h� 

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

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

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

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

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

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

�o�v�e�r�a�l�l� �m�e�c�h�a�n�i�c�s� �o�f� �e�f�f�e�c�t�o�r�s�.� �W�i�t�h� �p�r�a�c�t�i�c�e�,� �t�h�e�y� �c�l�a�i�m�,� �"�.�.�.�p�e�o�p�l�e� �c�a�n� �l�e�a�r�n� �t�o� 

�d�o� �i�n�d�e�f�i�n�i�t�e�l�y� �m�a�n�y� �t�h�i�n�g�s� �i�n�d�e�f�i�n�i�t�e�l�y� �w�e�l�l� �(�p�.�1�1�4�)�.�"�.� �T�h�e�i�r� �c�o�n�c�l�u�s�i�o�n� �s�h�o�u�l�d�,� 

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

�w�r�i�t�i�n�g� �a�c�t�i�v�i�t�i�e�s�.� 

�M�e�n�t�a�l� �W�o�r�k�l�o�a�d� 

�M�e�n�t�a�l� �w�o�r�k�l�o�a�d�,� �p�e�r� �s�e�,� �i�s� �n�o�t� �a� �f�o�r�m� �o�f� �a�t�t�e�n�t�i�o�n�.� �M�e�n�t�a�l� �w�o�r�k�l�o�a�d� �h�a�s� 

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

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

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

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

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

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

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

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

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

�(�1�9�8�0�)�,� �f�o�r� �e�x�a�m�p�l�e�,� �u�s�i�n�g� �a� �q�u�e�u�i�n�g� �t�h�e�o�r�y� �a�p�p�r�o�a�c�h� �f�o�u�n�d� �t�h�a�t� �m�u�l�t�i�t�a�s�k�i�n�g� 

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

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

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

�M�u�l�t�i�t�a�s�k�i�n�g� 

�S�y�s�t�e�m�s� �A�p�p�r�o�a�c�h� 

�S�i�n�c�e� �t�h�e� �1�9�7�0�s�,� �m�u�c�h� �o�f� �t�h�e� �m�u�l�t�i�t�a�s�k�i�n�g� �w�o�r�k� �h�a�s� �b�e�e�n� �i�n� 

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

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

�m�o�n�i�t�o�r�i�n�g� �p�e�r�f�o�r�m�a�n�c�e� �(�G�r�e�e�n�s�t�e�i�n� �a�n�d� �R�o�u�s�e�,� �1�9�8�2�;� �H�e�n�n�e�m�a�n� �a�n�d� �R�o�u�s�e�,� 

�1�9�8�6�;� �R�o�u�s�e�,� �1�9�7�7�;� �T�u�l�g�a� �a�n�d� �S�h�e�r�i�d�a�n�,�1�9�8�0�)�.� �R�o�u�s�e� �(�1�9�7�7�)� �u�s�e�d� �m�e�t�h�o�d�s� �o�f� 

�q�u�e�u�i�n�g� �t�h�e�o�r�y� �a�n�d� �v�a�r�i�o�u�s� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �v�a�r�i�a�b�l�e�s� �t�o� �c�o�n�d�u�c�t� �a� �F�O�R�T�R�A�N� 

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

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

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

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

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

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

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�6



�A�n� �e�a�r�l�i�e�r� �s�t�u�d�y� �i�n�v�e�s�t�i�g�a�t�e�d� �p�e�o�p�l�e�'�s� �a�b�i�l�i�t�y� �t�o�  ��k�e�e�p� �t�r�a�c�k� �o�f� �s�e�v�e�r�a�l� 

�t�h�i�n�g�s� �a�t� �o�n�c�e�"� �(�Y�n�t�e�m�a�,� �1�9�6�3�)�.� �Y�n�t�e�m�a� �v�a�r�i�e�d� �t�h�e� �n�u�m�b�e�r� �o�f� �a�t�t�r�i�b�u�t�e�s� �a�n� 

�o�b�j�e�c�t� �p�o�s�s�e�s�s�e�d� �a�n�d� �c�o�m�p�a�r�e�d� �r�e�c�a�l�l� �p�e�r�f�o�r�m�a�n�c�e�.� �I�n� �o�n�e� �e�x�p�e�r�i�m�e�n�t�,� 

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

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

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

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

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

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

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

�s�t�a�t�e�s�.� �O�v�e�r�a�l�l�,� �Y�n�t�e�m�a� �f�o�u�n�d� �t�h�a�t�:� �(�1�)� �p�e�o�p�l�e�'�s� �c�a�p�a�c�i�t�y� �t�o� �s�t�o�r�e� �r�a�n�d�o�m� 

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

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

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

�P�s�y�c�h�o�l�o�g�i�c�a�l� �P�e�r�s�p�e�c�t�i�v�e� 

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

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

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

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

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

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

�d�i�f�f�e�r�e�n�c�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �D�a�m�o�s� �a�n�d� �S�m�i�s�t� �(�1�9�8�3�)�,� �d�u�a�l�-�t�a�s�k� �p�e�r�f�o�r�m�a�n�c�e� �c�a�n� 

�b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�r�e�e� �i�n�d�i�v�i�d�u�a�l� �r�e�s�p�o�n�s�e� �s�t�r�a�t�e�g�i�e�s�:� �(�1�)� �s�i�m�u�l�t�a�n�e�o�u�s� 

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�7



�i�n�t�e�r�v�a�l� �(�u�s�u�a�l�l�y� �l�e�s�s� �t�h�a�n� �1�0�0� �m�s�)�;� �(�2�)� �a�l�t�e�r�n�a�t�i�n�g� �s�t�r�a�t�e�g�y�,� �i�n� �w�h�i�c�h� �a�l�t�e�r�n�a�t�i�n�g� 

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

�s�t�r�a�t�e�g�y� �i�n�t�e�r�v�a�l�;� �a�n�d� �(�3�)� �m�a�s�s�e�d� �r�e�s�p�o�n�s�e� �s�t�r�a�t�e�g�y�,� �i�n� �w�h�i�c�h� �t�w�o� �o�r� �m�o�r�e� 

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

�a�n�o�t�h�e�r�.� 

�D�a�m�o�s� �a�n�d� �S�m�i�s�t� �(�1�9�8�3�)� �s�t�a�t�e� �t�h�a�t� �i�n�d�i�v�i�d�u�a�l�s� �d�o� �n�o�t� �s�i�m�p�l�y� �s�e�l�e�c�t� 

�r�e�s�p�o�n�s�e� �s�t�r�a�t�e�g�i�e�s� �a�t� �r�a�n�d�o�m�.� �I�n� �a� �s�e�r�i�e�s� �o�f� �e�x�p�e�r�i�m�e�n�t�s�,� �a� �s�u�b�j�e�c�t�'�s� �n�a�t�u�r�a�l� 

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

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

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

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

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

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

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

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

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

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

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

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

�b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �m�a�y� �b�e� �s�o�m�e�w�h�a�t� �r�a�n�d�o�m� �(�D�a�m�o�s� �a�n�d� �S�m�i�s�t�,� �1�9�8�3�)�.� �I�n� 

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

�s�i�m�u�l�t�a�n�e�o�u�s� �s�t�r�a�t�e�g�y�.� 

�O�n� �a� �d�i�f�f�e�r�e�n�t� �n�o�t�e�,� �M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n� �(�1�9�8�6�)� �p�r�o�v�i�d�e� �u�s� �w�i�t�h� �w�h�a�t� �t�h�e�y� 

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�8



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

�l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �(�m�e�m�o�r�y� �a�n�d� �a�t�t�e�n�t�i�o�n�)�.� �H�o�w�e�v�e�r�,� �M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n� �d�i�s�c�u�s�s� 

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

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

�C�o�n�s�c�i�o�u�s� �a�n�d� �S�u�b�c�o�n�s�c�i�o�u�s� �C�o�n�t�r�o�l� 

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

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

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

�m�e�c�h�a�n�i�s�m�.� �B�u�t�,� �n�o�t� �a�l�l� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �s�e�c�o�n�d� �n�a�t�u�r�e�.� �S�o�m�e� �a�c�t�i�v�i�t�i�e�s� �r�e�q�u�i�r�e� 

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

�l�i�m�i�t�a�t�i�o�n�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �b�e�c�a�u�s�e� �i�t� �r�e�l�i�e�s� �o�n� �t�h�e� �w�o�r�k�i�n�g� �m�e�m�o�r�y�'�s� �r�e�s�o�u�r�c�e�s�,� 

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

�r�e�s�o�u�r�c�e�s� �(�M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n�,� �1�9�8�6�)�.� 

�C�o�n�s�c�i�o�u�s� �b�e�h�a�v�i�o�r�a�l� �c�o�n�t�r�o�l� �c�a�n� �(�b�u�t� �d�o�e�s� �n�o�t� �a�l�w�a�y�s�)� �a�f�f�e�c�t� �a� �p�e�r�s�o�n�'�s� 

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

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

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

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

�o�f� �c�o�n�s�c�i�o�u�s�-�d�r�i�v�e�n� �b�e�h�a�v�i�o�r� �i�s� �p�r�o�v�i�d�e�d� �b�y� �S�h�i�f�f�r�i�n� �a�n�d� �S�c�h�n�e�i�d�e�r� �(�1�9�7�7�)�.� 

�S�h�i�f�f�r�i�n� �a�n�d� �S�c�h�n�e�i�d�e�r� �(�1�9�7�7�)� �d�e�s�c�r�i�b�e�d� �c�o�n�s�c�i�o�u�s� �c�o�n�t�r�o�l�l�e�d� �b�e�h�a�v�i�o�r� 

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

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

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

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�9



�M�o�r�e� �i�m�p�o�r�t�a�n�t�l�y�,� �a�u�t�o�m�a�t�i�c� �p�r�o�c�e�s�s�i�n�g� �f�a�c�i�l�i�t�a�t�e�s� �a� �p�e�r�s�o�n�'�s� �a�b�i�l�i�t�y� �t�o� �d�i�v�i�d�e� �h�i�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�S�c�h�n�e�i�d�e�r� �(�1�9�7�7�)� �s�t�a�t�e�,�  ��a�u�t�o�m�a�t�i�c� �a�n�d� �c�o�n�t�r�o�l�l�e�d� �p�r�o�c�e�s�s�e�s� �c�a�n� �p�r�o�c�e�e�d� �i�n� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�0



�p�a�r�a�l�l�e�l� �w�i�t�h� �o�n�e� �a�n�o�t�h�e�r� �"� �(�p�.� �1�6�1�)�.� �T�h�e� �a�u�t�h�o�r�s� �p�r�o�c�e�e�d� �t�o� �s�t�a�t�e� �t�h�a�t� �c�o�n�t�r�o�l�l�e�d� 

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

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

�W�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �s�u�b�c�o�n�s�c�i�o�u�s� �c�o�n�t�r�o�l�,� �M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n�'�s� �(�1�9�8�6�)� 

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

�S�c�h�n�e�i�d�e�r�'�s� �(�1�9�7�7�)� �t�h�e�o�r�y�.� �H�o�w�e�v�e�r�,� �M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n� �e�x�p�l�i�c�i�t�l�y� �s�t�a�t�e� �t�h�a�t� 

�c�o�n�s�c�i�o�u�s� �c�o�n�t�r�o�l� �i�s� �p�r�i�m�a�r�i�l�y� �u�s�e�d� �i�n� �f�o�u�r� �s�i�t�u�a�t�i�o�n�s�:� �(�1�)� �w�h�i�l�e� �p�e�r�f�o�r�m�i�n�g� �n�o�v�e�l� 

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

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

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

�I�n�t�e�r�r�u�p�t�i�o�n�s� 

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

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

�(�1�9�8�6�)� �s�t�a�t�e�,� �"�.�.�.�o�n�e� �s�u�s�p�e�n�d�s� �w�o�r�k� �o�n� �t�h�e� �c�u�r�r�e�n�t� �a�c�t�i�v�i�t�y� �a�t� �t�h�e� �r�i�s�k� �o�f� �l�o�s�i�n�g� 

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

�i�n�t�e�r�r�u�p�t�e�d �� �(�p�.� �2�6�8�)�.� �T�h�e�r�e� �a�r�e� �b�a�s�i�c�a�l�l�y� �t�w�o� �f�o�r�m�s� �o�f� �i�n�t�e�r�r�u�p�t�i�o�n�s�,� �i�n�t�e�r�n�a�l� �o�r� 

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

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

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

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

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

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

�M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n� �(�1�9�8�6�)� �d�e�s�c�r�i�b�e� �t�w�o� �t�y�p�e�s� �o�f� �p�r�o�c�e�s�s�i�n�g� �m�o�d�e�s� �t�h�a�t� 

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�1



�p�r�o�c�e�s�s�i�n�g�.� �A� �p�e�r�s�o�n� �i�s� �s�a�i�d� �t�o� �b�e� �e�n�g�a�g�e�d� �i�n� �a� �t�a�s�k�-�d�r�i�v�e�n� �p�r�o�c�e�s�s�i�n�g� �m�o�d�e� 

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

�e�v�e�n�t�s�.� �S�e�n�s�i�t�i�v�i�t�y� �t�o� �e�x�t�e�r�n�a�l� �e�v�e�n�t�s� �i�s� �s�e�l�e�c�t�i�v�e�l�y� �d�e�c�r�e�a�s�e�d�.� �I�n� �s�o�m�e� 

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

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

�d�r�i�v�e�n� �p�r�o�c�e�s�s�i�n�g� �i�s� �s�i�m�i�l�a�r� �t�o� �S�h�i�f�f�r�i�n� �a�n�d� �S�c�h�n�e�i�d�e�r�'�s� �(�1�9�7�7�)� �c�o�n�t�r�o�l�l�e�d� �s�e�a�r�c�h� 

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

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

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

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

�t�h�a�t� �o�c�c�u�r� �o�n� �t�h�e� �c�o�m�p�u�t�e�r� �s�c�r�e�e�n �� �(�p�.� �2�6�9�)�.� �I�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �t�a�s�k�-�d�r�i�v�e�n� 

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

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

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

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

�A� �r�e�c�e�n�t� �s�t�u�d�y� �b�y� �G�i�l�l�i�e� �a�n�d� �B�r�o�a�d�b�e�n�t� �(�1�9�8�9�)� �h�e�l�p�s� �t�o� �c�l�a�r�i�t�y� �w�h�y� �s�o�m�e� 

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

�i�n�t�e�r�r�u�p�t�i�o�n ��s� �t�i�m�e� �l�e�n�g�t�h�,� �s�i�m�i�l�a�r�i�t�y� �t�o� �t�h�e� �m�a�i�n� �t�a�s�k�,� �a�n�d� �t�h�e� �i�n�t�e�r�r�u�p�t�i�o�n�'�s� 

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

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

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

�i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k�-�-�a�n� �a�r�i�t�h�m�e�t�i�c� �t�a�s�k�-�-�w�a�s� �3�0� �s�e�c�o�n�d�s�.� �T�h�e� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �n�o� 

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

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�2



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

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

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

�i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �l�e�n�g�t�h� �t�o� �2�.�7�5� �m�i�n�u�t�e�s�.� �O�n�c�e� �a�g�a�i�n�,� �t�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

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

�A� �t�h�i�r�d� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �w�h�i�c�h� �e�l�i�m�i�n�a�t�e�d� �t�h�e� �s�u�b�j�e�c�t�'�s� 

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

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

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

�r�e�m�a�i�n�e�d� �2�.�7�5� �m�i�n�u�t�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �t�h�i�r�d� �e�x�p�e�r�i�m�e�n�t� �s�h�o�w�e�d� �a� 

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

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

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

�p�e�r�f�o�r�m�a�n�c�e�.� 

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

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

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

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

�w�a�s� �5�1� �s�e�c�o�n�d�s� �(�1�4�.�8� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�)�.� �T�h�e� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �t�h�a�t� �h�a�v�i�n�g� �a�n� 

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

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

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�3



�T�y�p�e�s� �o�f� �M�u�l�t�i�p�l�e� �A�c�t�i�v�i�t�i�e�s� 

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

�d�e�s�c�r�i�b�i�n�g� �M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n�'�s� �(�1�9�8�6�)� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �v�a�r�i�o�u�s� �m�u�l�t�i�p�l�e� 

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

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

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

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

�c�o�n�t�r�o�!� �p�e�r�f�o�r�m�a�n�c�e�.� 

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

 ��b�a�c�k�g�r�o�u�n�d�e�d� �"� �a�c�t�i�v�i�t�i�e�s�.� �F�o�r�e�g�r�o�u�n�d� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �u�n�d�e�r� �o�u�r� �c�o�n�s�c�i�o�u�s�-� 

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

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

�T�h�e�y� �a�r�e� �s�o�m�e�w�h�a�t� �a�u�t�e�m�a�t�i�c�.� �B�a�c�k�g�r�o�u�n�d� �a�c�t�i�v�i�t�i�e�s� �c�a�n� �b�e� �e�x�t�e�r�n�a�l� �(�t�a�s�k�s� 

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

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

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

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

�O�f� �i�n�t�e�r�e�s�t� �f�o�r� �t�h�i�s� �p�r�e�s�e�n�t� �s�t�u�d�y� �i�s� �M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n�'�s� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� 

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

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

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

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

�a�c�t�i�v�i�t�i�e�s� �w�h�i�c�h� �a�r�e�  ��a�w�a�i�t�i�n�g� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �t�i�m�e� �t�o� �r�e�s�u�m�e� �e�x�e�c�u�t�i�o�n�"� �(�p�.�2�7�3�)�.� 

�B�a�n�n�o�n� �a�n�d� �h�i�s� �c�o�l�l�e�a�g�u�e�s� �(�1�9�8�3�)� �h�a�v�e� �o�b�s�e�r�v�e�d� �m�a�n�y� �i�n�s�t�a�n�c�e�s� �o�f� 

�u�s�e�r�s� �S�u�s�p�e�n�d�i�n�g� �a�c�t�i�v�i�t�i�e�s� �f�o�r� �o�t�h�e�r� �t�a�s�k�s� �s�i�m�i�l�a�r� �t�o� �M�r�.� �B�r�o�w�n�'�s� �s�c�e�n�a�r�i�o�.� 
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�C�l�a�s�s�e�s� �o�f� 
�M�u�l�t�i�p�l�e� 
�A�c�t�i�v�i�t�i�e�s� 

�F�o�r�e�g�r�o�u�n�d�e�d� 
�(�r�e�q�u�i�r�e�s� �c�o�n�s�c�i�o�u�s� 

� � 

�C�u�r�r�e�n�t� �a�n�d� �a�t�t�e�n�t�i�o�n�a�l� 
 ��-� �(�p�r�i�m�a�r�y� �c�o�n�t�r�o�l�)� 

�a�c�t�i�v�i�t�i�e�s�)� 

�E�x�t�e�r�n�a�l� 
�B�a�c�k�g�r�o�u�n�d�e�d� �(�a�c�t�i�v�i�t�i�e�s� �n�o�t� �i�n�v�o�l�v�i�n�g� 
�(�i�n�v�o�l�v�e�s� �p�e�r�s�o�n� �d�i�r�e�c�t�l�y�)� 

�s�u�b�c�o�n�s�c�i�o�u�s� 
�c�o�n�t�r�o�l�)� �I�n�t�e�r�n�a�l� 

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

�a�c�t�i�v�i�t�i�e�s�)� 

�F�i�g�u�r�e� �6�.� �M�u�l�t�i�p�l�e� �A�c�t�i�v�i�t�i�e�s� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �(�M�i�y�a�t�a� �a�n�d� �N�o�r�m�a�n�,� �1�9�8�6�)� 
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�T�h�e�r�e� �a�r�e� �m�a�n�y� �f�o�r�m�s� �o�f� �e�x�t�e�r�n�a�l� �r�e�m�i�n�d�e�r�s� �a�v�a�i�l�a�b�l�e� �t�o� �u�s�,� �s�u�c�h� �a�s� �n�o�t�e�p�a�d�s�,� 

�c�a�l�e�n�d�a�r�s�,� �a�n�d� �o�t�h�e�r� �p�e�o�p�l�e�,� �a�s� �w�e�l�l� �a�s� �i�n�t�e�r�n�a�l� �m�e�m�o�r�y� �a�i�d�s� �(�I�n�t�o�n�s�-�P�e�t�e�r�s�o�n� 

�a�n�d� �F�o�u�r�n�i�e�r�,� �1�9�8�6�)�.� �F�o�r� �a�n�y� �g�i�v�e�n� �t�a�s�k� �o�r� �s�e�t� �o�f� �t�a�s�k�s�,� �w�e� �m�a�y� �u�s�e� �s�e�v�e�r�a�l� �o�f� 

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

�m�e�m�o�r�y� �w�o�r�k�l�o�a�d�.� �T�h�e� �u�s�e� �o�f� �r�e�m�i�n�d�e�r�s� �p�r�e�s�e�n�t�s� �t�w�o� �m�a�i�n� �c�o�n�c�e�r�n�s�:� �(�1�)� �h�o�w� 

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

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

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

�f�o�u�n�d� �i�n� �C�a�r�d�,� �P�a�v�e�l�,� �a�n�d� �F�a�r�r�e�l�l� �(�1�9�8�7�)�,� �C�a�r�d� �a�n�d� �H�e�n�d�e�r�s�o�n� �(�1�9�8�7�)�,� �a�n�d� 

�B�a�n�n�o�n�,� �e�t� �a�l� �(�1�9�8�3�)�.� 

�R�e�m�i�n�d�e�r�s� 

�C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�A�s� �s�t�a�t�e�d� �a�b�o�v�e�,� �r�e�m�i�n�d�e�r�s� �a�r�e� �n�e�e�d�e�d� �w�h�e�n� �a�c�t�i�v�i�t�i�e�s� �h�a�v�e� �b�e�e�n� 

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

�N�o�r�m�a�n� �(�1�9�8�6�)�,� �t�h�e�r�e� �a�r�e� �t�w�o� �a�s�p�e�c�t�s� �o�f� �a� �r�e�m�i�n�d�e�r� �w�h�i�c�h� �m�a�y� �b�e� �i�n�d�e�p�e�n�d�e�n�t� 

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

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

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

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

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

�d�e�s�c�r�i�p�t�i�o�n� �t�h�a�t� �m�a�y� �r�e�m�i�n�d� �a� �p�e�r�s�o�n� �t�o� �c�l�e�a�n� �o�r� �o�r�g�a�n�i�z�e� �t�h�e� �d�e�s�k�.� �I�n�t�o�n�s�-� 

�P�e�t�e�r�s�o�n� �a�n�d� �F�o�u�r�n�i�e�r� �(�1�9�8�6�)� �f�o�u�n�d� �t�h�a�t�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �b�e�i�n�g� �p�r�e�f�e�r�r�e�d� �o�v�e�r� 

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

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

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

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

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

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

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

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

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

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

�F�i�n�d�l�a�y�,� �D�a�v�i�e�s�,� �K�e�n�t�r�i�d�g�e�,� �L�a�m�b�e�r�t�,� �a�n�d� �K�e�l�l�y� �(�1�9�8�8�)� �c�o�n�d�u�c�t�e�d� �a� �p�i�l�o�t� 

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

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

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

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

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

�t�a�s�k�'�s� �c�e�n�t�r�a�l� �v�i�e�w�i�n�g� �l�o�c�a�t�i�o�n� �o�r� �i�n� �t�h�e� �d�i�s�p�l�a�y� �p�e�r�i�p�h�e�r�y�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �n�o� 

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

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

�S�t�a�t�u�s� �i�n�f�o�r�m�a�t�i�o�n�.� 

�R�o�s�s� �(�1�9�8�4�)� �i�n�v�e�s�t�i�g�a�t�e�d� �a� �d�i�f�f�e�r�e�n�t� �f�o�r�m� �o�f� �r�e�m�i�n�d�i�n�g�.� �H�e� �f�o�c�u�s�e�d� �o�n� 

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

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

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

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

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

�o�n� �p�e�r�f�o�r�m�a�n�c�e�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�E�f�f�e�c�t�i�v�e� �R�e�m�i�n�d�e�r�s� 

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

�a�n� �e�f�f�e�c�t�i�v�e� �v�i�s�u�a�l� �r�e�m�i�n�d�e�r� �w�o�u�l�d� �b�e� �o�n�e� �t�h�a�t�:� �(�1�)� �i�s� �v�i�s�i�b�l�e� �a�n�d� �a�c�c�e�s�s�i�b�l�e� �a�t� 

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

�a�n�d� �c�u�e�s�,� �(�3�)� �p�r�o�v�i�d�e�s� �t�h�e� �n�e�c�e�s�s�a�r�y� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �t�r�i�g�g�e�r� �t�h�e�  ��r�e�m�i�n�d�i�n�g� 

�e�f�f�e�c�t�"�,� �a�n�d� �(�4�)� �a�l�l�o�w�s� �s�o�m�e� �d�e�g�r�e�e� �o�f� �u�s�e�r� �c�o�n�t�r�o�l�.� �M�o�r�e� �i�m�p�o�r�t�a�n�t�l�y�,� �r�e�m�i�n�d�e�r�s� 

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

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

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

�D�e�s�i�g�n� �O�p�t�i�o�n�s� 

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

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

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

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

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

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

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

�c�o�m�p�u�t�e�r�i�z�e�d� �r�a�m�i�n�d�e�r�s�.� �M�o�r�e� �s�o�,� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �d�i�s�c�u�s�s�i�o�n� �i�s� �t�o� �d�e�s�e�r�n�b�e� 

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

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

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

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

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

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

�S�t�u�d�y�'�s� �r�e�s�u�l�t�s� �w�i�l�l� �p�r�o�v�i�d�e� �b�a�s�i�c� �k�n�o�w�l�e�d�g�e� �(�i�n� �t�e�r�m�s� �o�f� �p�e�r�f�o�r�m�a�n�c�e� 

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

�W�i�n�d�o�w�s� 

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

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

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

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

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

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

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

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

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

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

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

�R�o�s�e�n�b�e�r�g�,� �1�9�8�6�;� �G�a�y�l�i�n�,�1�9�8�6�)�.� �O�n�e� �p�o�t�e�n�t�i�a�l� �d�i�s�a�d�v�a�n�t�a�g�e� �i�n� �u�s�i�n�g� �d�i�s�p�l�a�y� 

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

�r�e�d�u�c�i�n�g� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e�  ��r�e�m�i�n�d�e�r� �w�i�n�d�o�w�"�.� 

�S�y�m�b�o�l�i�c� �C�u�e�s� 

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

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

�r�e�s�e�m�b�l�a�n�c�e�,� �e�x�e�m�p�l�a�r�,� �s�y�m�b�o�l�i�c�,� �a�n�d� �a�r�b�i�t�r�a�r�y�.� �R�e�s�e�m�b�l�a�n�c�e� �i�c�o�n�s� �d�e�p�i�c�t� �t�h�e� 

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

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

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

�t�r�a�s�h� �c�a�n� �i�c�o�n�)�.� �A�r�b�i�t�r�a�r�y� �i�c�o�n�s� �h�a�v�e� �n�o� �p�r�i�o�r� �a�s�s�o�c�i�a�t�i�o�n�s� �t�o� �a�n�y� �r�e�f�e�r�e�n�t�.� 

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

�S�A�P�P�H�I�R�E� �(�S�c�r�e�e�n� �A�l�l�o�c�a�t�i�o�n� �P�a�c�k�a�g�e� �P�r�o�v�i�d�i�n�g� �H�e�l�p�f�u�l� �I�c�o�n�s� �a�n�d� 

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

�i�n�f�o�r�m�a�t�i�o�n� �r�e�l�a�t�e�d� �t�o� �a� �w�i�n�d�o�w� �o�r� �p�r�o�c�e�s�s�i�n�g� �a�c�t�i�v�i�t�y� �(�M�y�e�r�s�,� �1�9�8�4�)�.� �O�n�e� �o�f� �t�h�e� 

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

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

�S�p�a�t�i�a�l� �C�u�e�s� 

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

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

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

�r�e�m�i�n�d�e�r�'�s� �e�f�f�e�c�t�i�v�e�n�e�s�s� �i�s� �l�i�k�e�l�y� �t�o� �d�e�c�r�e�a�s�e�.� �S�p�a�t�i�a�l� �c�u�e�s� �h�a�v�e� �b�e�e�n� �e�x�p�l�o�r�e�d� 

�a�n�d� �u�s�e�d� �f�o�r� �d�a�t�a� �m�a�n�a�g�e�m�e�n�t� �p�u�r�p�a�s�e�s�.� �D�u�m�a�i�s� �(�1�9�8�8�)� �s�u�m�m�a�r�i�z�e�s� �s�e�v�e�r�a�l� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�f�o�l�d�e�r�s� �o�r� �r�e�s�e�r�v�e�d� �d�e�s�k�t�o�p� �s�p�a�c�e� �f�o�r�  ��w�o�r�k�-�t�o�-�b�e�-�d�o�n�e ��)�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �4�1



�S�y�s�t�e�m� �D�e�s�i�g�n� �S�u�p�p�o�r�t� 

�A�c�c�o�r�d�i�n�g� �t�o� �C�y�p�h�e�r� �(�1�9�8�6�)� �a�n�d� �B�a�n�n�o�n� �e�t� �a�l�.� �(�1�9�8�3�)�,� �t�h�e� �i�d�e�a�l� �s�y�s�t�e�m� 

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

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

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

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

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

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

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

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

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

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �4�2



�M�E�T�H�O�D� 

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

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

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

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

�d�e�s�i�g�n�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e�:� �(�1�)� �a� �p�e�r�s�o�n�'�s� �a�b�i�l�i�t�y� �t�o� �m�o�n�i�t�o�r� �a�n�d� �p�e�r�f�o�r�m� �s�e�v�e�r�a�l� 

�s�i�m�u�l�t�a�n�e�o�u�s� �a�c�t�i�v�i�t�i�e�s� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �i�n�t�e�r�r�u�p�t�i�o�n�,� �a�n�d� �(�2�)� �a� �p�e�r�s�o�n�'�s� �a�b�i�l�i�t�y� �t�o� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�a�s�s�e�s�s�e�d� �e�q�u�a�l�l�y� �o�f�t�e�n�.� 

�M�e�t�h�o�d� �4�3



�E�x�p�e�r�i�m�e�n�t�a�l� �D�e�s�i�g�n� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �w�a�s� �a� �3�x�2�x�2� �(�N�u�m�b�e�r� �o�f� �T�a�s�k�s� �x� �R�e�m�i�n�d�e�r� �x� 

�R�e�p�l�i�c�a�t�i�o�n�)� �c�o�m�p�l�e�t�e� �w�i�t�h�i�n� �s�u�b�j�e�c�t� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �7�.� 

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

�s�u�b�j�e�c�t�s� �w�o�u�l�d� �b�e� �p�e�r�f�o�r�m�i�n�g� �(�1�,� �S�,� �o�r� �5�)� �f�r�o�m� �a� �s�e�l�e�c�t�i�o�n� �o�f� �s�i�x� �d�i�f�f�e�r�e�n�t� �t�a�s�k�s�.� 

�T�h�e�s�e� �t�h�r�e�e� �l�e�v�e�l�s� �p�r�o�v�i�d�e�:� �(�1�)� �a� �b�a�s�e�l�i�n�e� �m�e�a�s�u�r�e�-�-�m�u�l�t�i�t�a�s�k�i�n�g� �d�a�t�a� �o�f� �t�h�i�s� 

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

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

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

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

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

�t�h�e� �p�o�s�s�i�b�l�e� �n�u�m�b�e�r� �o�f� �t�a�s�k�s� �s�u�b�j�e�c�t�s� �c�o�u�l�d� �p�e�r�f�o�r�m� �u�p� �t�o� �f�i�v�e� �(�i�.�e�.�,� �1�,� �2�,� �3�,� �4�,� 

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

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

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

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

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

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �7�.� 

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

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

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

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

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

�W�h�e�n� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �c�h�e�c�k�m�a�r�k� �w�o�u�l�d� �a�p�p�e�a�r� �n�e�x�t� �t�o� �t�h�e� �t�a�s�k�'�s� �a�b�b�r�e�v�i�a�t�e�d� 
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�N�u�m�b�e�r� �o�f� �T�a�s�k�s� 

�F�i�g�u�r�e� �7�.� �E�x�p�e�r�i�m�e�n�t�a�l� �D�e�s�i�g�n�:� �3�x�2�x�2� �W�i�t�h�i�n� �S�u�b�j�e�c�t� �D�e�s�i�g�n� 
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�n�a�m�e� �t�o� �h�e�l�p� �s�u�b�j�e�c�t�s� �i�d�e�n�t�i�f�y� �t�h�e� �t�a�s�k�(�s�)� �t�h�e�y� �h�a�d� �b�e�e�n� �i�n�s�t�r�u�c�t�e�d� �t�o� �p�e�r�f�o�r�m�.� �A� 

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

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

�T�a�s�k�s� �a�n�d� �R�e�m�i�n�d�e�r� �t�r�e�a�t�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n� �w�a�s� �r�e�p�e�a�t�e�d�.� �R�a�n�d�o�m�i�z�e�d� 

�t�r�e�a�t�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �1�,� �3�,� �a�n�d� �5� �t�a�s�k�s� �w�e�r�e� �r�e�p�e�a�t�e�d� �t�w�i�c�e�,� �o�n�c�e� �e�a�c�h� �f�o�r� 

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

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

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

�p�e�r� �t�r�e�a�t�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�.� 

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

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

�t�r�e�a�t�m�e�n�t� �f�i�r�s�t�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�o�s�e� �s�u�b�j�e�c�t�s� �i�n� �t�h�e� �n�o�-�r�e�m�i�n�d�e�r� �c�o�n�d�i�t�i�o�n� �t�h�e� 

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

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

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

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

�e�x�p�e�r�i�m�e�n�t�a�l� �t�e�s�t� �r�u�n�s� �t�h�e� �f�i�r�s�t� �d�a�y� �a�n�d� �s�i�x� �t�h�e� �s�e�c�o�n�d� �d�a�y� �f�o�r� �a� �t�o�t�a�i� �o�f� �1�2� 

�e�x�p�e�r�i�m�e�n�t�a�l� �t�r�i�a�l�s�.� 

�S�u�b�j�e�c�t�s� 

�F�o�u�r�t�e�e�n� �N�A�S�A� �C�o�o�p�e�r�a�t�i�v�e� �E�d�u�c�a�t�i�o�n� �s�t�u�d�e�n�t�s� �v�o�l�u�n�t�e�e�r�e�d� �t�o� 

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

�p�a�r�t�i�c�i�p�a�n�t�s�.� �T�h�e� �a�g�e� �r�a�n�g�e� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� �v�a�r�i�e�d� �f�r�o�m� �1�9� �t�o� �4�1�.� �E�x�c�l�u�d�i�n�g� �t�h�e� 

�o�u�t�l�i�e�r� �(�a�g�e� �4�1�)�,� �t�h�e� �m�e�a�n� �a�g�e� �w�a�s� �2�2�.�8�.� �P�r�i�o�r� �t�o� �p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �t�h�e� �s�t�u�d�y�,� 

�p�r�o�s�p�e�c�t�i�v�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �c�o�m�p�l�e�t�e� �a� �q�u�e�s�t�i�o�n�n�a�i�r�e� �s�h�o�w�n� �i�n� 
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�A�p�p�e�n�d�i�x� �I�l�l�.� �C�a�n�d�i�d�a�t�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t� 

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

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

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

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

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

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

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

�M�a�i�n� �F�r�a�m�e�,� �C�o�m�p�a�a�q�,� �A�p�p�l�e� �2�E�,� �I�B�M�,� �o�r� �S�u�n� �W�o�r�k�s�t�a�t�i�o�n� �c�o�m�p�u�t�e�r�s� 

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

�o�f� �c�o�m�p�u�t�e�r�s� �b�y� �t�h�e� �s�u�b�j�e�c�t�s�.� �W�o�r�d� �p�r�o�c�e�s�s�i�n�g� �(�7�1�%�)� �a�n�d� �b�a�s�i�c� �g�r�a�p�h�i�c�a�l� �u�s�e�s� 

�(�6�4�%�}� �w�e�r�e� �t�h�e� �t�w�o� �m�o�s�t� �c�o�m�m�o�n�l�y� �c�i�t�e�d� �f�u�n�c�t�i�o�n�s�.� �O�t�h�e�r� �u�s�e�s� �i�n�c�l�u�d�e�d� 

�s�p�r�e�a�d�s�h�e�e�t�s�,� �3�-�d�i�m�e�n�s�i�o�n�a�!� �m�o�d�e�l�l�i�n�g�,� �a�n�d� �a�n�i�r�n�a�t�i�o�n�.� 

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

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

�M�e�t�h�o�d� �4�7



�P
�e

�r
�c

�e
�n

�t�
a
�g

�e
� 

� � 

� � � 
� � 

�B
�O

�S
�S

� 
�#

� 

� � 

� � 
�F�u�n�c�t�i�o�n�a�l� �C�o�m�p�u�t�e�r� �U�s�e�s� 

�W�o�r�d� �P�r�o�c�e�s�s�i�n�g� 

�G�r�a�p�h�i�c�s� 
�G�a�m�e�s� 
�P�r�o�g�r�a�m�m�i�n�g� 
�D�a�t�a� �A�n�l�a�y�s�i�s� 

�O�t�h�e�r� 

� � 

�F�i�g�u�r�e� �8�.� �F�u�n�c�t�i�o�n�a�l� �U�s�e� �o�f� �M�a�c�i�n�t�o�s�h� �C�o�m�p�u�t�e�r�s� �C�i�t�e�d� �b�y� �S�u�b�j�e�c�t�s� 

�M�e�t�h�o�d� �4�8



�1�0�0� 

�@� 
�m� 
�O� 
�e� 
�@� �5�0� 
�2� �®� 

�o�u� 

�0� 

� � 

� � 
� � � � � � 

� � � � 

�7�8� 

�6�4� 

�1�4�9� �1�4�,�6�1�4� �2� �7� 

�1� �2�-�3� �4� �1� �2� �3� �4� �1� �2� �3� �4� 
�N�o�.� �A�p�p�l�i�c�a�t�i�o�n�s� �N�o�.� �T�a�s�k�s� �N�o�.� �W�i�n�d�o�w�s� 

�F�i�g�u�r�e� �9�.� �Q�u�e�r�y� �i�n�t�o� �c�o�m�p�u�t�e�r� �m�u�l�t�i�t�a�s�k�i�n�g� �u�s�e�r� �h�a�b�i�t�s� 

�M�e�t�h�o�d� 

� � 

�4�9



�H�a�r�d�w�a�r�e� 

�A� �M�a�c�i�n�t�o�s�h� �I�I�f�x� �c�o�m�p�u�t�e�r� �w�i�t�h� �e�i�g�h�t� �m�e�g�a�b�y�t�e�s� �o�f� �R�A�M� �w�a�s� �u�s�e�d� �t�o� �r�u�n� 

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

�w�i�t�h� �a�n� �A�p�p�l�e� �1�3�-�i�n�c�h� �d�i�a�g�o�n�a�l� �h�i�g�h� �r�e�s�o�l�u�t�i�o�n� �(�6�4�0� �x� �4�8�0�)� �R�G�B� �m�o�n�i�t�o�r�,� �a�n� 

�A�p�p�l�e� �e�x�t�e�n�d�e�d� �k�e�y�b�o�a�r�d�,� �a�n�d� �a� �s�t�a�n�d�a�r�d� �A�p�p�l�e� �M�a�c�i�n�t�o�s�h� �I�I� �m�o�u�s�e�.� 

�S�o�f�t�w�a�r�e� 

�T�h�e� �m�u�l�t�i�t�a�s�k�i�n�g� �s�i�m�u�l�a�t�i�o�n� �w�a�s� �p�r�o�g�r�a�m�m�e�d� �i�n� �S�u�p�e�r�C�a�r�d!"� �V�e�r�s�i�o�n� 

�1�.�5� �(�d�e�v�e�l�o�p�e�d� �b�y� �S�i�l�i�c�o�n� �B�e�a�c�h�)�.� �S�u�p�e�r�C�a�r�d� �p�r�o�v�i�d�e�d� �a� �m�e�a�n�s� �o�f� �c�r�e�a�t�i�n�g� 

�a�n�d� �c�u�s�t�o�m�i�z�i�n�g� �a� �M�a�c�i�n�t�o�s�h� �p�r�o�t�o�t�y�p�e� �a�p�p�l�i�c�a�t�i�o�n� �t�h�a�t� �w�o�u�l�d� �s�i�m�u�l�a�t�e� �a� 
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�t�h�a�t� �v�a�l�u�e� �t�o� �t�h�e� �2�0�0�0� �f�l�o�w� �r�a�t�e� �2�0�0�0� �f�l�o�w� �r�a�t�e� 
�R�e�c�o�m�m�e�n�d�e�d� �F�l�o�w� �t�h�e�n� �p�r�e�s�s� �t�h�e� �t�h�e�n� �p�r�e�s�s� �t�h�e� 
�R�a�t�e� �2�0�0�0� �v�a�l�u�e�.� �A�D�J�U�S�T� �b�u�t�t�o�n�.� �N�O�M�I�N�A�L� �b�u�t�t�o�n�.� 

�F�i�g�u�r�e� �1�2�.� �F�l�u�i�d�s� �M�a�n�a�g�e�m�e�n�t� �S�y�s�t�e�m� �-�-� �F�l�u�i�d� �T�r�a�n�s�f�e�r� �S�y�s�t�e�m� �E�v�a�l�u�a�t�i�o�n� 
�T�a�s�k� 
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�e�S� �o�e� �N�e�e� 

�W�a�t�e�r� �M�a�n�a�g�e�m�e�n�t� �S�y�s�t�e�m� 
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�R�e�q�u�i�r�e�d� �G�a�l�s�.� 

�R�e�s�u�p�p�l�y� �§� 

�N�o�m�i�n�a�l� �§� 

�5�5� �-� �6�5� 

� � � � 

� � 

� � 
� � 

�1�.� �L�o�c�a�t�e� �t�h�e� �o�o� �X� 
�u�p�d�a�t�e�d� �v�a�l�u�e� �t�h�a�t� �2�.� �I�f� �t�h�e� �u�p�d�a�t�e�d� �3�.� �I�f� �t�h�e� �u�p�d�a�t�e�d� 
�c�o�r�r�e�s�p�o�n�d�s� �t�o� �o�n�e� �v�a�l�u�e� �i�s� �n�o�t� �w�i�t�h�i�n� �v�a�l�u�e� �i�s� �w�i�t�h�i�n� �t�h�e� 
�o�f� �t�h�e� �f�o�u�r� �S�S�F� �t�h�e� �5�5�-�6�5� �r�a�n�g�e� �r�e�q�u�i�r�e�d� �r�a�n�g�e� �t�h�e�n� 

�n�o�d�e�s� �a�n�d� �c�o�m�p�a�r�e� �t�h�e�n� �p�r�e�s�s� �t�h�e� �p�r�e�s�s� �t�h�e� �N�O�M�I�N�A�L� 
�i�t� �t�o� �t�h�e� �R�e�q�u�i�r�e�d� �R�E�S�U�P�P�L�Y� �b�u�t�t�o�n�.� �b�u�t�t�o�n�.� 
�G�a�l�s�.� �5�5�-�6�5� 
�r�a�n�g�e�.� 

�F�i�g�u�r�e� �1�3�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �C�o�n�t�r�o�l� �a�n�d� �L�i�f�e� �S�u�p�p�o�r�t� �S�y�s�t�e�m� �-�-� �W�a�t�e�r� 
�M�a�n�a�g�e�m�e�n�t� �T�a�s�k� 
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�R�e�s�i�s�t�o�j�e�t� �P�o�w�e�r� �L�e�v�e�l� 

�F�u�e�l� �F�u�e�l� �C�a�p�a�c�i�t�y� �L�O�W� 
�B�u�r�n� �T�i�m�e� �S�c�h�e�d�u�l�e� �C�a�p�a�c�i�t�y� �A�c�t�i�v�a�t�e� �A�u�x�i�l�l�a�r�y� 

�M�a�n�u�e�v�e�r� �0�0�1 �� �|� �0�9�:�4�2�:�2�8� �A�u�x�i�l�l�a�r�y� 

�M�a�n�u�e�v�e�r� �0�0�2� �|� �1�6�:�0�3�:�5�1� �L�o�w� �}� �~� 

�M�a�n�u�e�v�e�r� �0�0�3� 

�a� �7� �/� 
�.� �2�.� �I�f� �t�h�e� �f�u�e�l� 

�1�.� �I�d�e�n�t�i�f�y� �t�h�e� �c�a�p�a�c�i�t�y� �m�e�s�s�a�g�e� 
�F�u�e�l� �C�a�p�a�c�i�t�y� �3�.� �I�f� �m�e�s�s�a�g�e� �r�e�a�d�s� �L�O�W� �t�h�e�n� 
�u�p�d�a�t�e�d� �m�e�s�s�a�g�e�.� �p�r�e�s�s� �t�h�e� �r�e�a�d�s� �N�O�M� �t�h�e�n� 

�A�U�X�I�L�L�A�R�Y� �p�r�e�s�s� �t�h�e� 
�b�u�t�t�o�n�.� �N�O�M�I�N�A�L� �b�u�t�t�o�n�.� 

�F�i�g�u�r�e� �1�4�.� �P�r�o�p�u�l�s�i�o�n� �M�o�d�u�l�e� �A�s�s�e�m�b�l�y� �-�-� �R�e�s�i�s�t�o�j�e�t� �P�o�w�e�r� �L�e�v�e�l� �T�a�s�k� 

�M�e�t�h�o�d� �5�5



�}� �D�i�s�t�a�n�c�e� �t�o� �T�r�a�n�s�f�e�r� �T�D�R�S�S� 

� � � �T�D�R�S�S� �N�U�M�B�E�R� 

� � � 

� � 

� � � � �T�D�R�S�S�3� 
 �� �R�A�N�S�F�E�R� �B�E�T�W�E�E�N� �.� 
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�a �� �7� �/� 
�2�.� �l�t� �t�h�e� �v�a�l�u�e� 

�1�.� �C�o�m�p�a�r�e� �t�h�e� �i�s� �n�o�t� �b�e�t�w�e�e�n� �i� �u�p�d�a�t�e�d� �D�i�s�t�a�n�c�e� �t�o� �0�°� �a�n�d� �1�0�°� �A� �h�i�n� �o�n�d� �1�0�°� 
�t�h�e� �T�r�a�n�s�f�e�r� �T�D�R�S�S� �t�h�e�n� �p�r�e�s�s� �t�h�e� �t�h�e�n� �p�r�e�s�s� �t�h�e� 
�0�°� �a�n�d� �1�0�°� �r�a�n�g�e�.� �M�O�N�I�T�O�R� �T�R�A�N�S�F�E�R� �b�u�t�t�o�n� 

�b�u�t�t�o�n�.� �.� 

�F�i�g�u�r�e� �1�5�.� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�n�d� �T�r�a�c�k�i�n�g� �-�-� �T�D�R�S�S� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �L�i�n�k� 
�T�a�s�k� 

�M�e�t�h�o�d� �5�6



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

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

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

�T�C�S�)�.� �T�h�e� �l�e�t�t�e�r�s� �f�o�l�l�o�w�i�n�g� �t�h�e� �s�l�a�s�h� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �t�a�s�k �� �w�i�t�h�i�n� �t�h�e� �s�y�s�t�e�m�.� �I�n� 

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

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

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

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

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

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

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

�i�n� �F�i�g�u�r�e�s� �1�0� �a�n�d� �1�2� �r�e�q�u�i�r�e�d� �c�o�m�p�a�r�i�n�g� �o�n�e� �n�u�m�e�r�i�c�a�l� �v�a�l�u�e� �t�o� �a� �s�p�e�c�i�f�i�c� 

�s�y�s�t�e�m� �v�a�l�u�e�.� �T�h�e� �t�a�s�k�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �1�1�,� �1�3�,� �a�n�d� �1�5� �r�e�q�u�i�r�e�d� �c�o�m�p�a�r�i�n�g� 

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

�F�i�g�u�r�e� �1�4�,� �d�e�v�i�a�t�e�d� �f�r�o�m� �n�u�m�e�r�i�c�a�l� �c�o�m�p�a�r�i�s�o�n�s�;� �h�o�w�e�v�e�r�,� �t�h�e� �u�n�d�e�r�l�y�i�n�g� 

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

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

�c�o�n�s�t�a�n�t�.� �M�o�r�e�o�v�e�r�,� �t�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e� �a�l�w�a�y�s� �v�i�s�i�b�l�e� �t�o� �t�h�e� �s�u�b�j�e�c�t�.� �T�o� �m�a�k�e� 

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

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

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

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

�t�a�s�k� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �1�3� �t�h�e� �c�h�o�i�c�e� �w�a�s� �b�e�t�w�e�e�n�  ��r�e�s�u�p�p�l�y �� �o�r� �"�n�o�m�i�n�a�l�.�"� �T�h�e� 

� � 

�'� �R�e�c�a�l�l� �s�o�m�e� �t�a�s�k�s� �w�e�r�e� �a�c�t�u�a�l�l�y� �s�u�b�s�y�s�t�e�m�s� �w�i�t�h�i�n� �t�h�e� �l�a�r�g�e�r� �s�y�s�t�e�m�.� �F�o�r� �a�l�l� 
�p�u�r�p�o�s�e�s�,� �h�o�w�e�v�e�r�,� �s�u�b�s�y�s�t�e�m�s� �a�n�d� �s�u�b�a�c�t�i�v�i�t�i�e�s� �a�r�e� �c�a�l�l�e�d� �t�a�s�k�s�.� 
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�r�e�s�p�o�n�s�e� �c�h�o�i�c�e�s� �w�e�r�e� �a�c�t�i�v�e� �b�u�t�t�o�n�s� �u�p� �t�o� �t�h�e� �p�o�i�n�t� �a� �d�e�c�i�s�i�o�n� �o�r� �m�o�u�s�e� �c�l�i�c�k� 

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

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

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

�d�i�s�a�p�p�e�a�r�.� �S�o�m�e� �t�a�s�k�s� �v�a�r�i�e�d� �s�l�i�g�h�t�l�y�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�n� �t�h�e� �F�T�S� �t�a�s�k� �(�s�e�e� 

�F�i�g�u�r�e� �1�2�)�,� �t�h�e� �a�r�r�o�w� �w�o�u�l�d� �d�i�s�a�p�p�e�a�r�.� �I�n� �t�h�e� �R�P�L� �t�a�s�k� �(�s�e�e� �F�i�g�u�r�e� �1�4�)�,� �t�h�e� 

�w�o�r�d� �"�L�o�w�"� �o�r� �"�N�o�m�"� �w�o�u�l�d� �d�i�s�a�p�p�e�a�r�.� �A�t� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �t�i�m�e� �i�n�t�e�r�v�a�l� 

�(�a�p�p�r�o�x�i�m�a�t�e�l�y� �e�v�e�r�y� �1�5� �s�e�c�o�n�d�s�)�,� �n�e�w� �v�a�l�u�e�s� �w�o�u�l�d� �a�p�p�e�a�r� �f�o�r� �c�o�m�p�a�r�i�s�o�n�.� 

�I�n�t�e�r�r�u�p�t�i�o�n� �T�a�s�k� 

�T�h�e� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �w�a�s� �a� �s�i�m�u�l�a�t�e�d� �G�u�i�d�a�r�i�c�e�,� �N�a�v�i�g�a�t�i�o�n�,� �a�n�d� �C�o�n�t�r�o�l� 

�(�G�N�&�C�)� �e�m�e�r�g�e�n�c�y� �t�a�s�k�.� �T�h�e� �G�N�&�C� �e�m�e�r�g�e�n�c�y� �t�a�s�k� �w�a�s� �a�d�a�p�t�e�d� �f�r�o�m� �t�h�e� 

�a�c�t�u�a�l� �s�y�s�t�e�m� �t�h�a�t� �w�i�l�l� �b�e� �o�p�e�r�a�t�i�o�n�a�l� �o�n� �t�h�e� �S�S�F�.� �T�h�e� �a�c�t�u�a�l� �G�N�&�C� �s�y�s�t�e�m� �w�i�l�l� 

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

�v�e�h�i�c�l�e� �t�r�a�f�f�i�c� �a�r�o�u�n�d� �t�h�e� �S�S�F�.� �T�a�b�l�e� �2� �l�i�s�t�s� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �G�N�&�C� �s�y�s�t�e�m� 

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

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

�D�i�s�c�r�e�p�a�n�c�i�e�s� �i�n� �t�h�e� �G�N�&�C� �d�a�t�a� �w�i�l�l� �c�a�u�s�e� �a� �w�a�r�n�i�n�g� �m�e�s�s�a�g�e� �t�o� �b�e� 

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

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

�L�i�k�e� �m�o�s�t� �o�f� �t�h�e� �p�r�o�c�e�d�u�r�a�l� �t�a�s�k�s� �d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r�,� �t�h�e� �G�N�&�C� �t�a�s�k� �w�a�s� 

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

�s�i�m�u�l�a�t�e�d� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �i�n�v�o�l�v�e�d� �m�o�n�i�t�o�r�i�n�g� �G�N�&�C� �d�a�t�a� �a�n�d� �p�e�r�f�o�r�m�i�n�g� 

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

�p�r�o�c�e�d�u�r�a�l� �t�a�s�k�s�.� �T�h�e� �G�N�&�C� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �1�6� �w�a�s� �a� 
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�T�a�b�l�e� �2�.� �G�u�i�d�a�n�c�e�,� �N�a�v�i�g�a�t�i�o�n�,� �a�n�d� �C�o�n�t�r�o�l� �S�y�s�t�e�m� 

� � 

�G�u�i�d�a�n�c�e� �F�u�n�c�t�i�o�n� �D�i�s�p�l�a�y�s� 

 �� �T�a�r�g�e�t�i�n�g� �d�a�t�a� 

 �� �M�a�n�e�u�v�e�r� �c�o�o�r�d�i�n�a�t�i�o�n� �d�a�t�a� 

�M�a�n�e�u�v�e�r� �c�o�m�m�a�n�d� �d�a�t�a� 

�M�a�n�e�u�v�e�r� �m�o�n�i�t�o�r�i�n�g� 

�C�r�e�w� �o�v�e�r�r�i�d�e� �p�r�o�v�i�s�i�o�n�s� 

�*� 

�*� 

�*� 

�N�a�v�i�g�a�t�i�o�n� �F�u�n�c�t�i�o�n� �D�i�s�p�l�a�y�s� 

�*� �S�p�a�c�e� �S�t�a�t�i�o�n� �s�t�a�t�e� �d�a�t�a� 

 �� �G�r�o�u�n�d� �u�p�d�a�t�e� �d�a�t�a� 

 �� �E�p�h�e�m�e�r�i�s� �d�a�t�a� �(�c�o�o�r�d�i�n�a�t�e�s� �a�t� �a� �g�i�v�e�n� �t�i�m�e�)� 

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

�C�o�n�t�r�o�l� �F�u�n�c�t�i�o�n�s� 

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

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

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

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

�*� �P�e�r�m�i�t� �a�u�t�h�o�r�i�z�e�d� �c�r�e�w�m�e�m�b�e�r�s� �t�o� �c�o�m�m�a�n�d� �G�N�&�C� �M�a�n�a�g�e�m�e�n�t� 

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

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

�c�r�e�w�m�e�m�b�e�r�s� 
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�N�a�v�i�g�a�t�i�o�n�a�l� �S�t�a�t�u�s� �f�o�r� �F�R�E�E�-�F�L�Y�E�R� 

�P�I�T�C�H� �D�E�L�T�A� 

�°� �G�N�&�C� �c�u�p� �3�1� �1�9� �S�y�s�t�e�m� �C�a�l�c�u�l�a�t�e�d� �S�E�N� �y�s�t�e�m� �C�a�l�c�u�l�a�t�e� 
�1�2� �A�v�e�r�a�g�e� 

�R�O�L�L� �D�E� �2�7� �°� 
�C�M�D� �1�4� �2�°� �i�G� �Y� �_� 

�s�e�n�}� �4�2� 
�Y�A�W� �D�E�L�T�A� �a�w� 

�Y�D� �N�o�m�i�n�a�l� �d�e� �3�9�7� �(�Y�D�)� �S�C�r�o�m�i�n�a�l� �J� 
�S�E�N�|� �4�3� �N�e� 

�1�.� �A�f�t�e�r� �e�a�c�h� �u�p�d�a�t�e�,� �2� �.� �C�o�m�p�a�r�e� �t�h�e� �3�.� �i�f�t�h�e� �D�E�L�T�A� �v�a�l�u�e� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �G�N�&�C� 
�p�r�e�s�s� �t�h�e� �P�D�,� �R�D�,� �Y�D� �i�n� �r�e�s�p�e�c�t�i�v�e� �P�D�,� �A�v�e�r�a�g�e� �t�h�e�n� �P�r�e�s�s� �t�h�e� �L�O�W� �b�u�t�t�o�n�.� 
�w�h�a�t� �e�v�e�r� �o�r�d�e�r� �y�o�u� �R�D�,� �o�r� �Y�D� �-�-�-� �E�l�s�e� �-�-�-� 
�c�h�o�o�s�e� �t�o� �v�i�e�w� �t�h�e� �G�N�&�C� �D�E�L�T�A� �v�a�l�u�e� �i�f� �t�h�e� �D�E�L�T�A� �v�a�l�u�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �G�N�&�C� 
�S�y�s�t�e�m� �C�a�l�c�u�l�a�t�e�d� �w�i�i�h� �t�h�e� �A�v�e�r�a�g�e� �t�h�e�n� �P�r�e�s�s� �t�h�e� �H�I�G�H� �b�u�t�t�o�n�.� 
�A�v�e�r�a�g�e� �v�a�l�u�e� �f�o�r� �t�h�a�t� �c�o�r�r�e�s�p�o�n�d�i�n�g� �-�-�-� �E�l�s�e� �-�-�-� 
�p�a�r�t�i�c�u�l�a�r� �b�u�t�t�o�n�.� �G�N�&�C� �C�a�l�c�u�l�a�t�e�d� �t�f� �t�h�e� �D�E�L�T�A� �v�a�l�u�e� �i�s� �e�q�u�a�l� �t�o� �t�h�e� �G�N�&�C� 

�A�v�e�r�a�g�e� �v�a�l�u�e�.� �A�v�e�r�a�g�e� �t�h�e�n� �P�r�e�s�s� �t�h�e� �N�O�M�I�N�A�L� �b�u�t�t�o�n�.� 

�F�i�g�u�r�e� �1�6�.� �G�N�&�C� �E�m�e�r�g�e�n�c�y� �I�n�t�e�r�r�u�p�t�i�o�n� �T�a�s�k� �(�n�o�t� �a�t� �a�c�t�u�a�l� �s�c�a�l�e�)� 

�M�e�t�h�o�d� �6�0



�m�o�d�i�f�i�e�d� �v�e�r�s�i�o�n� �o�f� �a� �G�N�&�C� �t�a�s�k� �d�e�s�i�g�n�e�d� �f�o�r� �a� �m�u�l�t�i�t�a�s�k�i�n�g� �e�x�p�e�r�i�m�e�n�t� 

�o�n�g�o�i�n�g� �i�n� �t�h�e� �H�C�I�L� �(�H�o�l�d�e�n� �a�n�d� �O�'�N�e�a�l�,� �1�9�9�0�)�.� �T�h�i�s� �s�t�u�d�y ��s� �G�N�&�C� �v�e�r�s�i�o�n� 

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

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

�F�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �G�N�&�C� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �r�e�q�u�i�r�e�d� �s�u�b�j�e�c�t�s� �t�o� 

�m�o�n�i�t�o�r� �a�n� �i�n�c�o�m�i�n�g� �u�n�m�a�n�n�e�d� �s�p�a�c�e� �v�e�h�i�c�l�e�'�s� �p�i�t�c�h�,� �r�o�l�l�,� �a�n�d� �y�a�w� �c�o�o�r�d�i�n�a�t�e�s� 

�w�h�i�c�h� �w�a�s� �t�h�r�e�a�t�e�n�i�n�g� �t�h�e� �s�a�f�e�t�y� �o�f� �t�h�e� �S�S�F� �(�r�e�f�e�r� �t�o� �F�i�g�u�r�e� �1�6�)�.� �C�M�D� �r�e�f�e�r�r�e�d� 

�t�o� �t�h�e� �s�y�s�t�e�m�'�s� �p�r�o�g�r�a�m�m�e�d� �a�n�d� �e�x�p�e�c�t�e�d� �c�o�o�r�d�i�n�a�t�e� �C�o�m�m�a�n�d� �v�a�l�u�e�.� �S�E�N�,� 

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

�w�e�r�e� �b�e�i�n�g� �r�e�c�e�i�v�e�d� �f�r�o�m� �t�h�e� �G�N�&�C� �s�y�s�t�e�m�.� �D�e�l�t�a� �r�e�f�e�r�r�e�d� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �t�h�e� �C�M�D� �a�n�d� �S�E�N� �v�a�l�u�e�s� �f�o�r� �p�i�t�c�h� �(�P�-�D�L�T�)�,� �r�o�l�l� �(�R�-�D�L�T�)�,� �a�n�d� �y�a�w� �(�Y�-� 

�D�L�T�)� �c�o�o�r�d�i�n�a�t�e�s�.� 

�T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �P�D�,� �R�D�,� �a�n�d� �Y�D� �b�u�t�t�o�n�s� �c�o�n�t�r�o�l�l�e�d� �w�h�a�t� �S�y�s�i�e�m� 

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

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

�P�D�,� �R�D�,� �o�r� �Y�D� �S�y�s�t�e�m� �C�a�l�c�u�l�a�t�e�d� �A�v�e�r�a�g�e� �t�o� �a�p�p�e�a�r� �i�n� �t�h�e� �s�m�a�l�l�e�r� �b�o�x�.� 

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

�r�e�s�p�e�c�t�i�v�e� �P�-�D�L�T�,� �R�-�D�L�T�,� �a�n�d� �Y�-�D�L�T� �v�a�l�u�e�,� �a�n�d� �t�h�e� �S�y�s�t�e�m� �C�a�l�c�u�l�a�t�e�d� 

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

�"�L�o�w�"�,� �"�H�i�g�h�"�,� �o�r� �"�N�o�m�i�n�a�l�"� �b�u�t�t�o�n�.� �O�n�c�e� �a� �d�e�c�i�s�i�o�n� �w�a�s� �m�a�d�e�,� �t�h�e� �r�e�m�a�i�n�i�n�g� 

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

�n�u�m�e�r�o�u�s� �r�e�s�p�o�n�s�e�s� �t�o� �t�h�e� �s�a�m�e� �v�a�l�u�e�.� 

�A�s� �w�i�t�h� �t�h�e� �s�i�x� �p�r�o�c�e�d�u�r�a�l� �t�a�s�k�s�,� �t�h�e� �G�N�&�C� �v�a�l�u�e�s� �(�e�x�c�e�p�t� �f�o�r� �t�h�e� �S�y�s�t�e�m� 

�C�a�l�c�u�l�a�t�e�d� �A�v�e�r�a�g�e�)� �w�e�r�e� �c�h�a�n�g�i�n�g� �a�t� �a� �c�o�n�s�t�a�n�t� �r�a�t�e�.� �U�n�l�i�k�e� �t�h�e� �1�5� �s�e�c�o�n�d� 

�u�p�d�a�t�e� �r�a�t�e� �f�o�r� �t�h�e� �m�a�i�n� �t�a�s�k�s�,� �t�h�e� �G�N�&�C� �v�a�l�u�e�s� �u�p�d�a�t�e�d� �e�v�e�r�y� �1�0� �s�e�c�o�n�d�s�.� �I�n� 
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�a�d�d�i�t�i�o�n�,� �t�h�e� �t�h�r�e�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �P�D�,� �R�D�,� �a�n�d� �Y�D� �S�y�s�t�e�m� �C�a�l�c�u�l�a�t�e�d� �A�v�e�r�a�g�e�s� 

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

�D�i�s�p�l�a�y� �M�e�n�u� 

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

�r�e�a�l�i�s�t�i�c� �s�y�s�t�e�m�.� �T�h�e�s�e� �m�e�n�u�s�,� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�7�,� �r�e�p�l�a�c�e�d� �t�h�e� �d�e�f�a�u�l�t� �A�p�p�l�e� 

�m�e�n�u� �a�n�d� �a�l�l� �b�u�t� �o�n�e� �S�u�p�e�r�C�a�r�d!"� �m�e�n�u�.� �T�h�e� �f�o�u�r� �l�e�a�d�i�n�g� �m�e�n�u�s� �w�e�r�e� �E�d�i�t�o�r�,� 

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

�S�u�p�e�r�C�a�r�d!"� �p�r�o�g�r�a�m�.� �I�t� �w�a�s� �i�n�c�l�u�d�e�d� �f�o�r� �d�e�m�o�n�s�t�r�a�t�i�o�n� �p�u�r�p�o�s�e�s� �o�n�l�y�.� �B�o�t�h� 

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

�b�u�t� �n�o�t� �c�r�i�t�i�c�a�l�,� �t�o� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� 

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

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

�d�u�r�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �I�t� �c�o�n�t�a�i�n�e�d� �a� �t�o�t�a�l� �o�f� �n�i�n�e� �S�S�F� �l�a�r�g�e�r� �s�y�s�t�e�m�s� �(�C�&�T�,� 

�D�M�S�,� �E�C�L�S�S�,� �E�H�F�D�,� �F�M�S�,� �G�N�&�C�,� �I�T�A�,� �O�F�D�,� �a�n�d� �P�M�A�)�.� �I�n� �t�u�r�n�,� �e�a�c�h� �s�y�s�t�e�m� 

�c�e�n�t�a�i�n�e�d� �e�i�g�h�t� �d�i�f�f�e�r�e�n�t� �m�e�n�u� �i�t�e�m�s�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �a� �t�o�t�a�l� �o�f� �7�2� 

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

�p�r�o�c�e�d�u�r�a�l� �t�a�s�k�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e�s� �9�-�1�4�.� 

�T�h�e� �c�h�e�c�k�m�a�r�k� �s�e�e�n� �n�e�x�t� �t�o� �t�h�e� �R�P�L� �t�a�s�k� �u�n�d�e�r� �t�h�e� �P�M�A� �s�y�s�t�e�m� �(�i�n� 

�F�i�g�u�r�e� �1�7�)� �w�a�s� �t�h�e� �c�o�m�p�u�t�e�r�-�b�a�s�e�d� �r�e�m�i�n�d�e�r�.� �T�h�i�s� �c�h�e�c�k�m�a�r�k� �w�a�s� �o�n�l�y� �v�i�s�i�b�l�e� 

�d�u�r�i�n�g� �t�h�e� �r�e�m�i�n�d�e�r� �t�r�e�a�t�m�e�n�t� �c�o�n�d�i�t�i�o�n�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �c�h�e�c�k�m�a�r�k� �o�n�l�y� 

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

�T�h�e�r�e�f�o�r�e�,� �a�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �a� �t�o�t�a�l� �o�f� �s�i�x� �t�a�s�k�s�,� �o�n�l�y� �1�,� �3�,� �o�r� �5� �t�a�s�k�s� �w�o�u�l�d� 

�a�c�t�u�a�l�l�y� �h�a�v�e� �a� �c�h�e�c�k�m�a�r�k� �a�p�p�e�a�r�i�n�g� �n�e�x�t� �t�o� �i�t�s� �n�a�m�e�.� �D�u�e� �t�o� �p�r�o�g�r�a�m�m�i�n�g� 
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�H�I�E�R�A�R�C�H�I�C�A�L� �M�E�N�U� 
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�E�d�i�t�o�r� �R�e�s�o�u�r�c�e� �S�y�s�t�e�m�s� �D�o�c�u�m�e�n�t�s� 

�B�r�i�e�f�s� �C�&�T� �p�b� 
�S�T�P� �p�m�s� �p�>� 
�G�r�o�u�n�d� �E�C�L�S�S� �p�>� 
�M�o�d�u�l�e�s� �E�H�F�D� �p�>� 

�F�M�S� �p�>� 
�H�e�l�p� �G�N�&�C� �>� 

�N�o�t�e�s� �I�T�A� �>� 
�O�F�D� �>�»� 

�P�M�A� �p�b� �p�P�c�s�T� 
�P�H�P�S� 

�P�O� 
�P�R�S� 
�P�S�P�A� 
�P�T�A� 
�R�M�A� 

�V�R�P�L� � � � � 

�F�i�g�u�r�e� �1�7�.� �R�e�s�o�u�r�c�e�,� �S�y�s�t�e�m�s�,� �a�n�d� �D�o�c�u�m�e�n�t� �M�e�n�u� �B�a�r� 
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�d�i�f�f�i�c�u�l�t�i�e�s�,� �t�h�e� �c�h�e�c�k�m�a�r�k� �d�i�d� �n�o�t� �a�p�p�e�a�r� �n�e�x�t� �t�o� �t�h�e� �C�&�T�,� �D�M�S�,� �E�C�L�S�S�,� �E�H�F�D�,� 

�F�M�S�,� �G�N�&�C�,� �I�T�A�,� �O�F�D�,� �a�n�d� �P�M�A� �s�y�s�t�e�m� �n�a�m�e�s�.� 

�E�X�P�E�R�I�M�E�N�T�A�L� �P�R�O�C�E�D�U�R�E� 

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

�r�e�a�d� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �c�o�n�s�e�n�t� �f�o�r�m� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �I�V�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� 

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

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

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

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

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

�T�r�a�i�n�i�n�g� 

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

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

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

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

�T�h�e� �a�v�e�r�a�g�e� �t�i�m�e� �t�o� �c�o�m�p�l�e�t�e� �t�h�e� �t�w�o�-�p�a�r�t� �t�r�a�i�n�i�n�g� �p�h�a�s�e� �w�a�s� �1�.�5� �h�o�u�r�s�.� 

�P�a�r�t� �|� 

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

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

�r�e�v�i�e�w�e�d� �w�i�t�h� �e�a�c�h� �s�u�b�j�e�c�t�.� �T�h�e�s�e� �o�b�j�e�c�t�i�v�e�s� �w�e�r�e�:� �(�1�)� �f�a�m�i�l�i�a�r�i�z�i�n�g� �e�a�c�h� 
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�s�u�b�j�e�c�t� �w�i�t�h� �t�h�e� �t�a�s�k� �w�i�n�d�o�w� �f�o�r�m�a�t� �a�n�d� �b�u�t�t�o�n� �f�e�a�t�u�r�e�s�,� �(�2�)� �s�t�e�p�p�i�n�g� �t�h�r�o�u�g�h� 

�t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �e�x�p�e�r�i�m�e�n�t�e�r�,� �a�n�d� �(�3�)� �p�r�o�v�i�d�i�n�g� �p�r�a�c�t�i�c�e� �t�r�i�a�l� 

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

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

�T�h�e� �s�i�x� �s�t�a�n�d�a�r�d� �t�a�s�k� �w�i�n�d�o�w� �f�e�a�t�u�r�e�s� �w�e�r�e� �f�i�r�s�t� �r�e�v�i�e�w�e�d�.� �T�h�e� �w�i�n�d�o�w� 

�s�i�z�e�,� �m�e�n�u� �b�a�r�,� �c�l�o�s�e� �b�o�x�,� �a�n�d� �t�i�t�l�e� �b�o�x� �w�e�r�e� �i�n�d�i�v�i�d�u�a�l�l�y� �d�i�s�c�u�s�s�e�d�.� �N�e�x�t�,� �t�h�e� 

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

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

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

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

�d�i�s�a�b�l�e�d� �b�u�t�t�o�n�s� �w�e�r�e� �i�l�l�u�s�t�r�a�t�e�d�.� 

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

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

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

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

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

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

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

�s�u�b�j�e�c�t�s� �w�e�r�e� �g�i�v�e�n� �a� �r�e�s�t� �b�r�e�a�k�.� 

�P�a�r�t� �f�l� 

�T�h�e� �s�e�c�o�n�d� �t�r�a�i�n�i�n�g� �s�e�s�s�i�o�n� �f�o�c�u�s�e�d� �o�n� �t�h�e� �G�N�&�C� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k�,� �t�h�e� 

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

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

�M�e�t�h�o�d� �6�5



�A�s� �w�i�t�h� �t�h�e� �p�r�o�c�e�d�u�r�a�l� �t�a�s�k�s�,� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �t�h�e� �G�N�&�C� �t�a�s�k� �w�e�r�e� 

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

�g�o�a�l� �w�a�s� �t�o� �c�o�m�p�a�r�e� �a�l�l� �t�h�r�e�e� �(�P�D�,� �R�D�,� �a�n�d� �Y�D�)� �v�a�l�u�e�s� �t�o� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

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

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

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

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

�c�o�r�r�e�c�t� �t�a�s�k� �p�r�o�c�e�d�u�r�e�.� 

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

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

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

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

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

�n�a�m�e� �w�i�t�h�i�n� �t�h�e� �S�y�s�t�e�m�s� �m�e�n�u� �a�s� �w�e�l�l� �a�s� �h�o�w� �t�o� �u�s�e� �t�h�e� �m�e�n�u�.� 

�S�u�b�j�e�c�t�s� �w�e�r�e� �a�l�s�o� �t�o�l�d� �t�h�a�t�,� �o�n�c�e� �a�l�l� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �t�a�s�k�(�s�)� �h�a�d� �b�e�e�n� 

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

�t�a�s�k�s�.�2� �M�o�r�e�o�v�e�r�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �o�n�l�y� �o�p�e�n� �t�h�e� �t�a�s�k�(�s�)� �t�h�e�y� �h�a�d� 

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

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

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

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

� � 

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

�M�e�t�h�o�d� �6�6



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

�n�e�x�t� �t�r�i�a�l�.� 

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

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

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

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

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

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

�o�t�h�e�r� �c�o�m�m�e�n�t�s�.� 

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

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

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

�(�1�)� �h�o�w� �w�o�u�l�d� �s�u�b�j�e�c�t�s� �k�n�o�w� �w�h�a�t� �t�a�s�k�(�s�)� �t�o� �p�e�r�f�o�r�m�,� �(�2�)� �h�o�w� �w�o�u�l�d� �t�h�e� 

�i�n�t�e�r�r�u�p�t�i�o�n� �o�c�c�u�r�,� �a�n�d� �(�3�)� �h�o�w� �w�o�u�l�d� �t�h�e�y� �r�e�t�r�i�e�v�e� �t�h�e� �G�N�&�C� �e�m�e�r�g�e�n�c�y� �t�a�s�k�.� 

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

�F�i�g�u�r�e� �1�8�.� �T�h�i�s� �d�i�a�g�r�a�m� �r�e�p�r�e�s�e�n�t�e�d� �t�h�e� �p�r�e�c�i�s�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �s�i�x� �t�a�s�k�s�.� 

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

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

�T�h�e� �m�i�n�i�a�t�u�r�e� �g�r�a�p�h�i�c�a�l� �i�c�o�n� �o�f� �t�h�e� �d�i�s�p�l�a�y� �s�c�r�e�e�n� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�9� 

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

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

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

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

�n�a�m�e�.� 
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� � 

�F�o�r� �t�h�e� �n�e�x�t� �t�r�i�a�l�,� �y�o�u� �a�r�e� �t�o� �p�e�r�f�o�r�m� �t�h�e� 
�f�o�l�l�o�w�i�n�g� �t�a�s�k�(�s�)�:� 

�T�a�s�k� �w�i�n�d�o�w� �d�i�s�p�l�a�y� �l�a�y�o�u�t� 
� � 

� � 

�I�g�n�o�r�e� �A�L�L� �o�t�h�e�r� �t�a�s�k� �w�i�n�d�o�w�s� 

�|� �P�r�e�s�s� �t�o� �B�e�g�i�n� �N�e�x�t� �T�r�i�a�!� �}� 
� � � � � � � � 

�F�i�g�u�r�e� �1�9�.� �M�i�n�i�a�t�u�r�e� �T�a�s�k�-�D�i�s�p�l�a�y� �S�c�r�e�e�n� 

�M�e�t�h�o�d� �6�9



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

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

�t�h�e� �1�,� �3�,� �a�n�d� �5� �t�a�s�k�s�.� �H�a�v�i�n�g� �h�e�a�r�d� �t�h�e� �b�e�e�p�s�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �l�o�o�k� 

�a�t� �t�h�e� �C�&�W� �(�C�a�u�t�i�o�n� �a�n�d� �W�a�r�n�i�n�g�)� �m�e�s�s�a�g�e� �b�o�x� �l�o�c�a�t�e�d� �b�e�l�o�w� �t�h�e� �m�e�n�u� �b�a�r�,� 

�w�h�e�r�e� �a� �s�y�s�t�e�m� �m�e�s�s�a�g�e� �w�o�u�l�d� �a�p�p�e�a�r� �(�s�e�e� �F�i�g�u�r�e� �1�8�)� �i�n� �t�h�e� �C�&�W� �b�o�x� 

�r�e�g�a�r�d�i�n�g� �t�h�e� �G�N�&�C� �e�m�e�r�g�e�n�c�y� �s�t�a�t�u�s�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �t�o�l�d� �t�o� �m�a�k�e� �t�h�e�i�r� �l�a�s�t� 

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

�w�e�r�e� �t�h�e�n� �t�o�l�d� �t�o� �c�l�o�s�e� �a�l�l� �s�i�x� �t�a�s�k� �w�i�n�d�o�w�s�.� �T�o� �r�e�t�r�i�e�v�e� �t�h�e� �G�N�&�C� �e�m�e�r�g�e�n�c�y� 

�t�a�s�k�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �t�o�l�d� �t�o� �c�l�i�c�k� �t�h�e� �"�O�p�e�n�"� �b�u�t�t�o�n� �l�o�c�a�t�e�d� �i�n� �t�h�e� �C�&�W� �m�e�s�s�a�g�e� 

�b�o�x�.� �H�a�v�i�n�g� �c�l�i�c�k�e�d� �t�h�e� �b�u�t�t�o�n�,� �t�h�e� �G�N�&�C� �t�a�s�k� �w�o�u�l�d� �a�p�p�e�a�r� �a�n�d� �t�h�e� �u�p�d�a�t�e� 

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

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

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

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

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

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

�a�c�t�u�a�l� �e�x�p�e�r�i�m�e�n�t�.� 

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

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

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

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

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

�M�e�t�h�o�d� �7�0



�T�e�s�t� �P�r�o�t�o�c�o�l� 

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

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

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

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

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

�s�h�o�w�n� �a� �d�i�s�p�l�a�y� �s�c�r�e�e�n� �d�i�a�g�r�a�m� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �1�8�.� �T�h�e� 

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

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

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

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

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

�T�h�r�o�u�g�h�o�u�t� �t�r�a�i�n�i�n�g�,� �s�u�b�j�e�c�t�s� �h�a�d� �b�e�e�n� �l�e�d� �t�o� �b�e�l�i�e�v�e� �t�h�e� �G�N�&�C� �t�a�s�k� 

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

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

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

�w�e�r�e� �t�o�l�d� �i�t� �w�a�s� �i�m�p�o�r�t�a�n�t� �t�h�e�y� �r�e�t�u�r�n� �t�o� �t�h�e� �u�n�f�i�n�i�s�h�e�d� �t�a�s�k�s� �a�f�t�e�r� �t�h�e� �G�N�&�C� 

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

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

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

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

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

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

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

�i�n�s�t�r�u�c�t�i�o�n�s�.� 

�M�e�t�h�o�d� �7�1



�R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �t�a�s�k�s� �t�o� �b�e� �p�e�r�f�o�r�m�e�d�,� �t�a�s�k� �u�p�d�a�t�e�s� 

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

�t�o�t�a�l� �o�f� �1�2� �u�p�d�a�t�e�s� �o�r� �t�h�r�e�e� �m�i�n�u�t�e�s� �(�1�9�0� �s�e�c�o�n�d�s�)�.� �A� �s�e�p�a�r�a�t�e� �t�i�m�e� �l�e�n�g�t�h� �a�n�d� 

�u�p�d�a�t�e� �r�a�t�e� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �G�N�&�C� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k�.� �T�h�e� �G�N�&�C� �n�u�m�e�r�i�c�a�l� 

�u�p�d�a�t�e�s� �o�c�c�u�r�r�e�d� �e�v�e�r�y� �1�0� �s�e�c�o�n�d�s� �f�o�r� �a� �t�o�t�a�l� �o�f� �9�0� �s�e�c�o�n�d�s� �o�r� �n�i�n�e� �u�p�d�a�t�e�s�.� 

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

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

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

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

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

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

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

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

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

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

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

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

�s�u�b�j�e�c�t�s� �w�e�r�e� �d�e�b�r�i�e�f�e�d� �(�s�e�e� �A�p�p�e�n�d�i�x� �V�I�I�)� �a�n�d� �t�h�a�n�k�e�d� �f�o�r� �h�a�v�i�n�g� �p�a�r�t�i�c�i�p�a�t�e�d� 

�i�n� �t�h�e� �s�t�u�d�y�.� 

�M�e�t�h�o�d� �7�2



�D�E�P�E�N�D�E�N�T� �M�E�A�S�U�R�E�S� 

�O�b�j�e�c�t�i�v�e� 

�N�i�n�e� �p�e�r�f�o�r�m�a�n�c�e� �m�e�a�s�u�r�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �e�a�c�h� �s�u�b�j�e�c�t�:� �(�1�)� �r�e�a�c�t�i�o�n� 

�t�i�m�e� �p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n�,� �(�2�)� �p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n� �r�e�s�p�o�n�s�e� �e�r�r�o�r�s�,� �(�3�)� �G�N�&�C� �r�e�a�c�t�i�o�n� 

�t�i�m�e�,� �(�4�)� �G�N�&�C� �r�e�s�p�o�n�s�e� �e�r�r�o�r� �f�r�e�q�u�e�n�c�y�,� �(�5�)� �r�e�a�c�t�i�o�n� �t�i�m�e� �p�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n�,� �(�6�)� 

�p�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n� �r�e�s�p�o�n�s�e� �e�r�r�o�r�s�,� �(�7�)� �m�e�n�u� �s�e�a�r�c�h� �t�i�m�e�,� �(�8�)� �a�v�e�r�a�g�e� �v�i�e�w�i�n�g� 

�t�i�m�e�,� �a�n�d� �(�9�)� �s�u�b�j�e�c�t�i�v�e� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �r�a�t�i�n�g�s�.� 

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

�s�u�b�j�e�c�t�s� �c�o�u�l�d� �m�a�k�e� �s�i�m�p�l�e� �d�e�c�i�s�i�o�n�s� �i�n� �a� �m�u�l�t�i�t�a�s�k�i�n�g� �s�i�t�u�a�t�i�o�n�.� �R�e�a�c�t�i�o�n� �t�i�m�e� 

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

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

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

�O�b�t�a�i�n�i�n�g� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �i�n� �a� �m�u�l�t�i�t�a�s�k�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� �c�a�n� �b�e� 

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

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

�t�i�m�e�.� �I�t� �i�s� �o�b�v�i�o�u�s� �t�h�e�n� �t�h�a�t�,� �f�o�r� �t�h�e� �3�-� �a�n�d� �5�-�t�a�s�k� �c�o�n�d�i�t�i�o�n�s�,� �s�u�b�j�e�c�t�s� �w�o�u�l�d� �n�o�t� 

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

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

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

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

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

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

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

�t�a�s�k� �c�o�n�d�i�t�i�o�n�s�.� 

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

�c�o�m�p�u�t�e�r� �t�i�c�k� �c�o�u�n�t�.� �O�n�e� �c�o�m�p�u�t�e�r� �t�i�c�k� �i�s� �e�q�u�a�l� �t�o� �1�/�6�0� �s�e�c�o�n�d�.� �A�l�t�h�o�u�g�h� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�m�a�d�e�.� �F�o�r� �t�h�e� �5�-�t�a�s�k� �c�o�n�d�i�t�i�o�n� �t�h�e�r�e� �w�e�r�e� �6�0� �p�o�s�s�i�b�l�e� �r�e�s�p�o�n�s�e�s�,� �3�6� �p�o�s�s�i�b�l�e� 

�r�e�s�p�o�n�s�e�s� �f�o�r� �t�h�e� �3�-�t�a�s�k� �c�o�n�d�i�t�i�o�n�,� �a�n�d� �1�2� �r�e�s�p�o�n�s�e�s� �f�o�r� �t�h�e� �1�-�t�a�s�k� �c�o�n�d�i�t�i�o�n�.� 

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

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

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

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

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

�M�e�t�h�o�d� �7�4



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

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

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

�a�v�e�r�a�g�e� �t�i�m�e� �a�s� �w�e�l�l� �a�s� �i�n� �t�h�e� �r�e�s�p�o�n�s�e� �e�r�r�o�r� �a�v�e�r�a�g�e�.� �F�o�r� �t�h�e� �G�N�&�C� 

�i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k�,� �t�h�e� �p�e�n�a�l�t�y� �w�a�s� �1�0� �s�e�c�o�n�d�s� �p�e�r� �u�p�d�a�t�e� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�e�d� 

�t�o� �t�h�e� �t�a�s�k�'�s� �t�i�m�e� �u�p�d�a�t�e� �i�n�t�e�r�v�a�l�.� 

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

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

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

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

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

�i�t�e�m�s� �t�o� �s�e�l�e�c�t�.� 

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

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

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

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

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

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

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

�r�e�m�i�n�d�e�r� �w�o�u�l�d� �b�e� �a�v�a�i�l�a�b�l�e�.� 

�S�u�b�j�e�c�t�i�v�e� 

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

�M�o�d�i�f�i�e�d� �C�o�o�p�e�r�-�H�a�r�p�e�r� �(�M�C�H�)� �r�a�t�i�n�g� �s�c�a�l�e� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �V�.� �T�h�i�s� 

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

�M�e�t�h�o�d� �7�5



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

�p�r�o�b�l�e�m� �s�o�l�v�i�n�g� �t�a�s�k�s� �(�W�i�e�r�w�i�l�l�e� �a�n�d� �C�a�s�a�l�i�,� �1�9�8�3�)�.� �T�h�e�s�e� �a�u�t�h�o�r�s� �t�e�s�t�e�d� �a�n�d� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �M�C�H� �r�a�t�i�n�g� �s�c�a�l�e� �w�a�s� �a� �v�a�l�i�d� �a�n�d� �r�e�l�i�a�b�l�e� �m�e�a�s�u�r�e�m�e�n�t� 

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

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

�M�e�t�h�o�d� �7�6



�D�A�T�A� �A�N�A�L�Y�S�I�S� �a�n�d� �R�E�S�U�L�T�S� 

�N�i�n�e� �A�N�O�V�A�'�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�s�:� �(�1�)� 

�p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n� �r�e�a�c�t�i�o�n� �t�i�m�e�,� �(�2�)� �r�e�s�p�o�n�s�e� �e�r�r�o�r� �p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n�,� �(�3�)� �G�N�&�C� 

�r�e�a�c�t�i�o�n� �t�i�m�e�,� �(�4�)� �G�N�&�C� �e�r�r�o�r� �f�r�e�q�u�e�n�c�y�,� �(�5�)� �p�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n� �r�e�a�c�t�i�o�n� �t�i�m�e�,� �(�6�)� 

�r�e�s�p�o�n�s�e� �e�r�r�o�r� �p�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n�,� �(�7�)� �m�e�n�u� �s�e�a�r�c�h� �t�i�m�e�,� �(�8�)� �a�v�e�r�a�g�e� �m�i�n�i�a�t�u�r�e� 

�t�a�s�k�-�d�i�s�p�l�a�y� �v�i�e�w�i�n�g� �t�i�m�e�,� �a�n�d� �(�9�)� �s�u�b�j�e�c�t�i�v�e� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d� �r�a�t�i�n�g�s�.� 

�P�r�e�-�I�n�t�e�r�r�u�p�t�i�o�n� 

�T�h�e� �p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n� �r�e�a�c�t�i�o�n� �t�i�m�e� �a�n�a�l�y�s�i�s� �(�T�a�b�l�e� �3�)� �i�n�d�i�c�a�t�e�s� �s�i�g�n�i�f�i�c�a�n�t� 

�m�a�i�n� �e�f�f�e�c�t�s� �f�o�r� �R�e�p�l�i�c�a�t�i�o�n�,� �F�{�1�,�1�3�)� �=� �7�.�5�5�,� �p� �<� �0�.�0�1�6�6� �a�n�d� �N�u�m�b�e�r� �o�f� �T�a�s�k�s�,� 

�F�(�2�,�2�6�)� �=� �5�4�.�7�4�,� �p�<� �0�.�0�0�0�1�.� �T�h�e� �p�o�s�t� �h�o�c� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �N�u�m�b�e�r� �o�f� �T�a�s�k�s� 

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

�t�i�m�e� �p�e�r�f�o�r�m�a�n�c�e� �b�e�t�w�e�e�n� �1�-� �a�n�d� �5�-�t�a�s�k�s� �(�j�<�0�.�0�5�)�,� �1�-� �a�n�d� �3�-�t�a�s�k�s� �(�p�<�0�.�0�5�)�,� �b�u�t� 

�n�o�t� �b�e�t�w�e�e�n� �3� �a�n�d� �5� �(�p�<�0�.�0�5�)�,� �d�i�s�t�i�n�g�u�i�s�h�e�d� �b�y� �t�h�e� �l�e�t�t�e�r�s� �A� �a�n�d� �B�.� �I�n� �b�o�t�h� 

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

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

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

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

�i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �R�e�p�l�i�c�a�t�i�o�n� �a�n�d� �N�u�m�b�e�r� �o�f� �T�a�s�k�s� �f�a�c�t�o�r�s�.� �I�n� �a�d�d�i�t�i�o�n�,� 

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

�p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n� �m�e�a�s�u�r�e� �(�T�a�b�l�e� �5�)�.� 
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�T�a�b�l�e� �3�.� �A�N�O�V�A� �f�o�r� �P�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n� �R�e�a�c�t�i�o�n� �T�i�m�e� 

� � 

� � 

� � 

�S�o�u�r�c�e� �o�f� �S�S� �F� �P�r�o�b� 

�B�e�t�w�e�e�n� �S�u�b�j�e�c�t�s� 
�S�u�b�j�e�c�t�s� �(�S�u�b�)� �1�3� �1�6�.�9�1�1� 

�W�i�t�h�i�n� �S�u�b�j�e�c�t� 
�R�e�m�i�n�d�e�r� �(�R�E�M�)� �1� �0�.�0�1�9� �0�.�2�0� �0�.�6�6�4�5� 
�S�u�b� �x� �R�E�M� �1�3� �1�.�3�1�3� 

�T�a�s�k�s� �(�T�K�S�)� �2� �7�.�1�2�8� �5�4�.�7�4� �0�.�0�0�0�1� �*� 
�S�u�b� �x� �T�K�S� �2�6� �1�.�6�9�2�7� 

�R�e�p�l�i�c�a�t�i�o�n� �(�R�E�P�L�)� �1� �0�.�2�5�6� �7�.�5�5� �0�.�0�1�6�6� �*� 
�S�u�b� �x� �R�E�P�L� �1�3� �0�.�4�4�0� 

�R�E�M� �x� �R�E�P�L� �1� �0�.�1�0�9� �1�.�2�0� �0�.�2�9�3�7� 
�S�u�b� �x� �R�E�M� �x� �R�E�P�L� �1�3� �1�.�1�8�6� 

�R�E�M� �x� �T�K�S� �2� �0�.�1�9�0� �3�.�0�4� �0�.�0�6�5�3� 
�S�u�b� �x� �R�E�M� �x� �T�K�S� �2�6� �0�.�8�1�2� 

�R�E�P�L� �x� �T�K�S� �2� �0�.�4�3�8� �1�.�8�8� �0�.�1�7�2�2� 
�S�u�b� �x� �R�E�P�L� �x� �T�K�S� �2�6� �3�.�0�2�4� 

�R�E�M� �x� �R�E�P�L� �x� �T�K�S� �2� �0�.�2�6�6� �1�.�6�8� �0�.�2�0�6�4� 
�S�u�b� �x� �R�E�M�x�R�E�P�L�x�T�K�S� �2�6� �2�.�0�6�3� 

�T�o�t�a�l� �1�6�7� �3�5�.�8�5�1� 
� � 

�R�e�m�i�n�d�e�r�,� �p� �=� �2� 
�T�a�s�k�s�,� �q� �=� �3� 
�R�e�p�l�i�c�a�t�i�o�n�,� �r� �=� �2� 
�S�u�b�j�e�c�t�s� �p�e�r� �c�e�l�l�,� �n� �=� �1�4� 

�D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s� �7�8



�T�a�b�l�e� �4�.� �S�t�u�d�e�n�t�-�N�e�w�m�a�n�-�K�e�u�l�s� �T�e�s�t� �f�o�r� �P�r�e�-�I�n�t�e�r�r�u�p�t�i�o�n� �R�e�a�c�t�i�o�n� �T�i�m�e� 

� � 

�A�l�p�h�a� �=� �0�.�0�5� 
� � 

�N�u�m�b�e�r� �o�f� �T�a�s�k�s� �_�M�e�a�n� 

�3� �1�.�4�9�4� �A� 

�5� �1�.�4�5�7� �A�A� 

�j� �1�.�0�4�0� �B� 

� � 

�N�o�t�e�:� �M�e�a�n�s� �w�i�t�h� �t�h�e� �s�a�m�e� �l�e�t�t�e�r�s� �a�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�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� �a�t� �t�h�i�s� �A�l�p�h�a� 

�l�e�v�e�l� 
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�T�a�b�l�e� �5�.� �A�N�O�V�A� �f�o�r� �R�e�s�p�o�n�s�e� �E�r�r�o�r� �P�r�e�-�I�n�t�e�r�r�u�p�t�i�o�n� 

� � 

� � 

� � 

�S�o�u�r�c�e� �o�f� �S�S� �F� �P�r�o�b� 

�B�e�t�w�e�e�n� �S�u�b�j�e�c�t�s� 
�S�u�b�j�e�c�t�s� �(�S�u�b�)� �1�3� �0�.�0�8�6� 

�W�i�t�h�i�n� �S�u�b�j�e�c�t� 
�R�e�m�i�n�d�e�r� �(�R�E�M�)� �1� �0�.�0�0�3� �0�.�8�1� �0�.�3�8�4�7� 
�S�u�b� �x� �R�E�M� �1�3� �0�.�0�4�4� 

�T�a�s�k�s� �(�T�K�S�)� �2� �0�.�0�0�2� �0�.�5�1� �0�.�6�0�4�9� 
�S�u�b� �x� �T�K�S� �2�6� �0�.�0�4�5� 

�R�e�p�l�i�c�a�t�i�o�n� �(�R�E�P�L�)� �1� �0�.�0�0�1� �0�.�3�5� �0�.�5�6�3�1� 
�S�u�b� �x� �R�E�P�L� �1�3� �6�.�0�3�7� 

�R�E�M� �x� �R�E�P�L� �1� �0�.�0�0�1� �1�.�9�7� �0�.�1�8�4�1� 
�S�u�b� �x� �R�E�M� �x� �R�E�P�L� �1�3� �0�.�0�0�8� 

�R�E�M� �x� �T�K�S� �2� �0�.�0�0�0� �0�.�0�9� �6�.�9�1�0�9� 
�S�u�b� �x� �R�E�M� �x� �T�K�S� �2�6� �0�.�0�5�6� 

�R�E�P�L� �x� �T�K�S� �2� �0�.�0�0�5� �0�.�9�0� �0�.�4�1�8�7� 
�S�u�b� �x� �R�E�P�L� �x� �T�K�S� �2�6� �0�.�0�7�5� 

�R�E�M� �x� �R�E�P�L� �x� �T�K�S� �2� �0�.�0�1�1� �1�.�7�1� �0�.�1�9�9�8� 
�S�u�b� �x� �R�E�M�x� �R�E�P�L�x�T�K�S� �2�6� �0�.�0�8�2� 

�T�o�t�a�l� �1�6�7� �0�.�4�5�7� 
� � 

�R�e�m�i�n�d�e�r�,� �p� �=� �2� 
�T�a�s�k�s�,� �g�q� �=� �3� 
�R�e�p�l�i�c�a�t�i�o�n�,� �r� �=� �2� 

�S�u�b�j�e�c�t�s� �p�e�r� �c�e�l�l�,� �n� �=� �1�4� 

�D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s



�G�N�&�C� �I�n�t�e�r�r�u�p�t�i�o�n� �T�a�s�k� 

�T�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� �G�N�&�C� �e�m�e�r�g�e�n�c�y� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e�s� �6� �a�n�d� �7�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �m�a�i�n� �e�f�f�e�c�t� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �r�e�a�c�t�i�o�n� 

�t�i�m�e� �i�s� �n�o�t�e�d� �f�o�r� �t�h�e� �R�e�p�l�i�c�a�t�i�o�n� �f�a�c�t�o�r�,� �F�(�1�,�1�3�)� �=� �1�2�.�6�5�,� �p�<� �0�.�0�0�3�5�.� �N�o� 

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

�r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �7�.� 

�P�o�s�t�-�i�I�n�t�e�r�r�u�p�t�i�o�n� 

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

�m�e�a�s�u�r�e�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �8� �a�n�d� �9� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �m�a�i�n� �e�f�f�e�c�t� 

�w�a�s� �f�o�u�n�d� �f�o�r� �t�h�e� �N�u�m�b�e�r� �o�f� �T�a�s�k�s�,� �F�(�2�,�2�6�)� �=� �1�0�.�8�1�,� �p�<� �0�.�0�0�0�4�.� �A� �S�t�u�d�e�n�t�-� 

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

�a�m�o�n�g� �t�h�e� �t�h�r�e�e� �c�o�n�d�i�t�i�o�n�s� �(�T�a�b�l�e� �1�0�)�.� �R�e�a�c�t�i�o�n� �t�i�m�e� �p�e�r�f�o�r�m�a�n�c�e� �w�a�s� 

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

�a�n�d� �f�i�v�e� �t�a�s�k�s�,� �w�h�i�c�h� �d�i�d� �n�o�t� �d�i�f�f�e�r�.� �A�s� �n�o�t�e�d� �i�n� �t�h�e� �p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n� �a�n�d� �G�N�&�C� 

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

�t�h�e� �p�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n� �r�e�s�p�o�n�s�e� �e�r�r�o�r� �m�e�a�s�u�r�e� �(�T�a�b�l�e� �9�)�.� 

�M�e�n�u� �S�e�a�r�c�h� �T�i�m�e� 

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

�F�(�1�,�1�3�)� �=� �9�.�6�4�,� �p� �<� �0�.�0�0�8�4� �(�s�e�e� �T�a�b�l�e� �1�1�)�.� �M�e�n�u� �s�e�a�r�c�h� �t�i�m�e� �w�a�s� �a�f�f�e�c�t�e�d� �b�y� 

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

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

�a�v�a�i�l�a�b�l�e� �(�3�3�.�7�3�8�)� �a�s� �o�p�p�o�s�e�d� �t�o� �w�h�e�n� �i�t� �w�a�s� �a�v�a�i�l�a�b�l�e�(�2�0�.�7�3�3�)�.� �A� �s�i�g�n�i�f�i�c�a�n�t� 

�e�f�f�e�c�t� �w�a�s� �a�l�s�o� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� �N�u�m�b�e�r� �o�f� �T�a�s�k�s�,� �F�(�2�,�2�6�)� �=� �4�5�.�6�4�,� �p� �<� �0�.�0�0�0�1� 

�D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s� �8�1



�T�a�b�l�e� �6�.� �A�N�O�V�A� �f�o�r� �G�N�&�C� �R�e�a�c�t�i�o�n� �T�i�m�e� �(�e�m�e�r�g�e�n�c�y� �i�n�t�e�r�r�u�p�t�i�o�n�)� 

� � 

� � 

� � 

�S�o�u�r�c�e� �o�f� �S�S� �F� �P�r�o�b� 

�B�e�t�w�e�e�n� �S�u�b�j�e�c�t�s� 
�S�u�b�j�e�c�t�s� �(�S�u�b�)� �1�3� �9�.�1�0�3� 

�W�i�t�h�i�n� �S�u�b�j�e�c�t� 
�R�e�m�i�n�d�e�r� �(�R�E�M�)� �1� �0�.�0�0�2� �0�.�0�2� �0�.�8�8�6�9� 
�S�u�b� �x� �R�E�M� �1�3� �1�.�2�5�1� 

�T�a�s�k�s� �(�T�K�S�)� �2� �0�.�0�6�6� �2�.�7�8� �0�.�0�8�0�2� 
�S�u�b� �x� �T�K�S� �2�6� �0�.�2�7�9� 

�R�e�p�l�i�c�a�t�i�o�n� �(�R�E�P�L�)� �1� �0�.�4�4�1� �1�2�.�6�5� �0�.�0�0�3�5� �*� 
�S�u�b� �x� �R�E�P�L� �1�3� �0�.�4�5�4� 

�R�E�M� �x� �R�E�P�L� �1� �0�.�0�4�7� �2�.�8�8� �0�.�1�1�3�3� 
�S�u�b� �x� �R�E�M� �x� �R�E�P�L� �1�3� �0�.�2�1�3� 

�R�E�M� �x� �T�K�S� �2� �0�.�0�5�0� �1�.�4�6� �0�.�2�4�9�6� 
�S�u�b� �x� �R�E�M� �x� �T�K�S� �2�6� �0�.�4�4�1� 

�R�E�P�L� �x� �T�K�S� �2� �0�.�0�0�8� �0�.�2�8� �0�.�7�6�0�0� 
�S�u�b� �x� �R�E�P�L� �x� �T�K�S� �2�6� �0�.�3�7�1� 

�R�E�M� �x� �R�E�P�L� �x� �T�K�S� �2� �0�.�0�1�3� �0�.�4�5� �0�.�6�3�9�5� 
�S�u�b� �x� �R�E�M�x� �R�E�P�L�x�T�K�S� �2�6� �0�.�3�6�4� 

�T�o�t�a�l� �1�6�7� �1�3�.�0�9�6� 

� � 

�R�e�m�i�n�d�e�r�,� �p� �=� �2� 
�T�a�s�k�s�,�q�=�3� 
�R�e�p�l�i�c�a�t�i�o�n�,� �r� �=� �2� 
�S�u�b�j�e�c�t�s� �p�e�r� �c�e�l�l�,� �n� �=� �1�4� 

�D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s� �8�2



�T�a�b�l�e� �7�.� �A�N�O�V�A� �f�o�r� �G�N�&�C� �R�e�s�p�o�n�s�e� �E�r�r�o�r� �(�e�m�e�r�g�e�n�c�y� �i�n�t�e�r�r�u�p�t�i�o�n�)� 

� � 

� � 

� � 

�S�o�u�r�c�e� �o�f� �S�S� �F� �P�r�o�b� 

�B�e�t�w�e�e�n� �S�u�b�j�e�c�t�s� 
�S�u�b�j�e�c�t�s� �(�S�u�b�)� �1�3� �0�.�0�1�9� 

�W�i�t�h�i�n� �S�u�b�j�e�c�t� 
�R�e�m�i�n�d�e�r� �(�R�E�M�)� �1� �0�.�0�0�0� �0�.�0�6� �0�.�8�0�6�9� 
�S�u�b� �x� �R�E�M� �1�3� �0�.�0�0�7� 

�T�a�s�k�s� �(�T�K�S�)� �2� �0�.�0�0�0� �0�.�4�0� �0�.�6�7�2�3� 
�S�u�b� �x� �T�K�S� �2�6� �0�.�0�0�8� 

�R�e�p�l�i�c�a�t�i�o�n� �(�R�E�P�L�)� �1� �0�.�0�0�1� �1�.�9�0� �0�.�1�9�1�3� 
�S�u�b� �x� �R�E�P�L� �1�3� �0�.�0�0�6� 

�R�E�M� �x� �R�E�P�L� �1� �0�.�0�0�0� �0�.�0�0� �1�.�0�0�0�6� 
�S�u�b� �x� �R�E�M� �x� �R�E�P�L� �1�3� �0�.�0�0�5� 

�R�E�M� �x� �T�K�S� �2� �0�.�0�0�1� �0�.�8�6� �0�.�4�3�5�7� 
�S�u�b� �x� �R�E�M� �x� �T�K�S� �2�6� �0�.�1�2�3� 

�R�E�P�L� �x� �T�K�S� �2� �0�.�0�0�0� �0�.�5�4� �0�.�5�8�8�2� 
�S�u�b� �x� �R�E�P�L� �x� �T�K�S� �2�6� �0�.�0�1�1� 

�R�E�M� �x� �R�E�P�L� �x� �T�K�S� �2� �0�.�0�0�1� �0�.�8�9� �0�.�4�2�1�6� 
�S�u�b� �x� �R�E�M�x�R�E�P�L�x�T�K�S� �2�6� �0�.�0�0�9� 

�T�o�t�a�l� �1�6�7� �0�.�0�8�0� 
� � 

�R�e�m�i�n�d�e�r�,� �p� �=� �2� 
�T�a�s�k�s�,� �q�=�3� 
�R�e�p�l�i�c�a�t�i�o�n�,� �r� �=� �2� 
�S�u�b�j�e�c�t�s� �p�e�r� �c�e�l�l�,� �n� �=� �1�4� 

�D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s



�T�a�b�l�e� �8�.� �A�N�O�V�A� �f�o�r� �P�o�s�t�-�I�n�t�e�r�r�u�p�t�i�o�n� �R�e�a�c�t�i�o�n� �T�i�m�e� 

� � 

� � 

� � 

� � 

�S�o�u�r�c�e� �O�f� �S�S� �F� �P�r�o�b� 

�B�e�t�w�e�e�n� �S�u�b�j�e�c�t�s� 
�S�u�b�j�e�c�t�s� �(�S�u�b�)� �1�3� �2�1�.�0�0�0� 

�W�i�t�h�i�n� �S�u�b�j�e�c�t� 
�R�e�m�i�n�d�e�r� �(�R�E�M�)� �1� �0�.�2�6�3� �1�.�0�0� �0�.�3�3�5�3� 
�S�u�b� �x� �R�E�M� �1�3� �3�.�4�1�9� 

�T�a�s�k�s� �(�T�K�S�)� �2� �6�.�0�5�8� �1�0�.�8�1� �0�.�0�0�0�4� �*� 
�S�u�b� �x� �T�K�S� �2�6� �7�.�2�8�3� 

�R�e�p�l�i�c�a�t�i�o�n� �(�R�E�P�L�)� �1� �0�.�0�1�8� �0�.�1�0� �0�.�7�5�3�9� 
�S�u�b� �x� �R�E�P�L� �1�3� �0�.�0�0�6� 

�R�E�M� �x� �R�E�P�L� �7�1� �0�.�7�5�2� �0�.�9�4� �0�.�3�4�9�8� 
�S�u�b� �x� �R�E�M� �x� �R�E�P�L� �1�3� �1�0�.�3�9�5� 

�R�E�M� �x� �T�K�S� �2� �1�.�1�7�9� �0�.�9�4� �0�.�4�0�3�2� 
�S�u�b� �x� �R�E�M� �x� �T�K�S� �2�6� �1�6�.�2�9�6� 

�R�E�P�L� �x� �T�K�S� �2� �2�.�0�3�4� �1�.�8�2� �0�.�1�8�2�0� 
�S�u�b� �x� �R�E�P�L� �x� �T�K�S� �2�6� �1�4�.�5�2�4� 

�R�E�M� �x� �R�E�P�L� �x� �T�K�S� �2� �0�.�3�1�1� �0�.�5�7� �0�.�5�7�0�4� 
�S�u�b� �x� �R�E�M�x�R�E�P�L�x�T�K�S� �2�6� �7�.�0�4�0� 

�T�o�t�a�l� �1�6�7� �9�2�.�8�2�6� 

�R�e�m�i�n�d�e�r�,� �p� �=� �2� 
�T�a�s�k�s�,� �q� �=� �3� 
�R�e�p�l�i�c�a�t�i�o�n�,� �r� �=� �2� 
�S�u�b�j�e�c�t�s� �p�e�r� �c�e�l�l�,� �n� �=� �1�4� 

�D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s� �8�4
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� � 

� � 

� � 

�S�o�u�r�c�e� �o�f� �S�S� �F� �P�r�o�b� 

�B�e�t�w�e�e�n� �S�u�b�j�e�c�t�s� 
�S�u�b�j�e�c�t�s� �(�S�u�b�)� �1�3� �0�.�3�4�4� 

�W�i�t�h�i�n� �S�u�b�j�e�c�t� 
�R�e�m�i�n�d�e�r� �(�R�E�M�)� �1� �0�.�0�0�5� �0�.�6�6� �0�.�4�3�0�0� 
�S�u�b� �x� �R�E�M� �1�3� �0�.�0�9�1� 

�T�a�s�k�s� �(�T�K�S�)� �2� �0�.�0�0�0� �0�.�0�1� �0�.�9�8�5�4� 
�S�u�b� �x� �T�K�S� �2�6� �0�.�3�5�6� 

�R�e�p�l�i�c�a�t�i�o�n� �(�R�E�P�L�)� �1� �0�.�0�0�8� �1�.�1�1� �0�.�3�1�0�7� 
�S�u�b� �x� �R�E�P�L� �1�3� �0�.�6�9�5� 

�R�E�M� �x� �R�E�P�L� �1� �0�.�0�3�4� �1�.�1�2� �0�.�3�0�8�9� 
�S�u�b� �x� �R�E�M� �x� �R�E�P�L� �1�3� �0�.�3�9�5� 

�R�E�M� �x� �T�K�S� �2� �0�.�0�5�4� �1�.�1�4� �0�.�3�3�5�8� 
�S�u�b� �x� �R�E�M� �x� �T�K�S� �2�6� �0�.�6�2�1� 

�R�E�P�L� �x� �T�K�S� �2� �0�.�0�4�6� �0�.�9�4� �0�.�4�0�3�1� 
�S�u�b� �x� �R�E�P�L� �x� �T�K�S� �2�6� �0�.�6�4�2� 

�R�E�M� �x� �R�E�P�L� �x� �T�K�S� �2� �0�.�0�0�0� �0�.�0�0� �0�.�9�9�5�7� 
�S�u�b� �x� �R�E�M�x� �R�E�P�L�x� �T�K�S� �2�6� �0�.�3�3�7� 

�T�o�t�a�l� �1�6�7� �3�.�0�3�0� 
� � 

�R�e�m�i�n�d�e�r�,� �p� �=� �2� 
�T�a�s�k�s�,� �q�=�3� 
�R�e�p�l�i�c�a�t�i�o�n�,� �r� �=� �2� 
�S�u�b�j�e�c�t�s� �p�e�r� �c�e�l�l�,� �n� �=� �1�4� 

�D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s



�T�a�b�l�e� �1�0�.� �S�t�u�d�e�n�t�-�N�e�w�m�a�n�-�K�e�u�l�s� �T�e�s�t� �P�o�s�t�-�I�n�t�e�r�r�u�p�t�i�o�n� �R�e�a�c�t�i�o�n� �T�i�m�e� 

� � 

� � 

�A�l�p�h�a� �=� �0�.�0�5� 
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�T�a�b�l�e� �1�5�.� �A�N�O�V�A� �f�o�r� �t�h�e� �S�u�b�j�e�c�t�i�v�e� �M�e�n�t�a�l� �W�o�r�k�l�o�a�d� �R�a�t�i�n�g�s� 

� � 

� � 

� � 

�S�o�u�r�c�e� �o�f� �S�S� �F� �P�r�o�b� 

�B�e�t�w�e�e�n� �S�u�b�j�e�c�t�s� 
�S�u�b�j�e�c�t�s� �(�S�u�b�)� �1�3� �5�0�.�2�8�6� 

�W�i�t�h�i�n� �S�u�b�j�e�c�t� 
�R�e�m�i�n�d�e�r� �(�R�E�M�)� �1� �0�.�3�8�1� �0�.�2�5� �0�.�6�2�3�8� 
�S�u�b� �x� �R�E�M� �1�3� �1�9�.�6�1�9� 

�T�a�s�k�s� �(�T�K�S�)� �2� �3�7�.�8�6�9� �2�0�.�1�2� �0�.�0�0�0�1� �*� 
�S�u�b� �x� �T�K�S� �2�6� �2�4�.�4�6�4� 

�R�e�p�l�i�c�a�t�i�o�n� �(�R�E�P�L�)� �1� �0�.�5�9�5� �2�.�5�2� �0�.�1�3�6�5� 
�S�u�b� �x� �R�E�P�L� �1�3� �3�.�0�7�1� 

�R�E�M� �x� �R�E�P�L� �1� �0�.�2�1�4� �1�.�9�2� �0�.�1�8�9�4� 
�S�u�b� �x� �R�E�M� �x� �R�E�P�L� �1�3� �1�.�4�5�2� 

�R�E�M� �x� �T�K�S� �2� �0�.�9�4�0� �1�.�0�1� �0�.�3�7�6�7� 
�S�u�b� �x� �R�E�M� �x� �T�K�S� �2�6� �1�2�.�0�6�0� 

�R�E�P�L� �x� �T�K�S� �2� �1�.�5�8�3� �3�.�0�5� �0�.�0�6�4�6� 
�S�u�b� �x� �R�E�P�L� �x� �T�K�S� �2�6� �6�.�7�5�0� 

�R�E�M� �x� �R�E�P�L� �x� �T�K�S� �2� �0�.�3�2�1� �0�.�7�0� �0�.�5�0�8�1� 
�S�u�b� �x� �R�E�M�x� �R�E�P�L�x� �T�K�S� �2�6� �6�.�0�1�2� 

�T�o�t�a�l� �1�6�7� �1�6�5�.�6�1�9� 
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�R�e�m�i�n�d�e�r�,� �p� �=� �2� 
�T�a�s�k�s�,� �q� �=� �3� 
�R�e�p�l�i�c�a�t�i�o�n�,� �r� �=� �2� 
�S�u�b�j�e�c�t�s� �p�e�r� �c�e�l�l�,� �n� �=� �1�4� 
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� � 
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�R�a�t�i�n�g�s� 

�A�l�p�h�a� �=� �0�.�0�5� 

�T�a�s�k�s� �M�e�a�n� 

�5� �2�.�5�5�4� �A� 
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�D�I�S�C�U�S�S�I�O�N� 

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

�t�h�e�m�e� �o�f� �t�h�e� �s�t�u�d�y�,� �p�r�e�s�e�n�t�s� �t�h�r�e�e� �i�s�s�u�e�s� �t�o� �e�v�a�l�u�a�t�e�:� �(�1�)� �w�o�u�l�d� �t�h�e� �l�e�v�e�l� �o�f� 

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

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

�t�a�s�k� �g�r�e�a�t�l�y� �d�i�s�r�u�p�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�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �a�d�d�r�e�s�s�i�n�g� 

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

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

�M�u�l�t�i�t�a�s�k�i�n�g� �A�b�i�l�i�t�i�e�s� 

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

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

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

�p�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n�s� �d�i�d� �n�o�t� �i�m�p�a�c�t� �t�h�e� �s�u�b�j�e�c�t�'�s� �l�e�v�e�l� �o�f� �r�e�s�p�o�n�s�e� �a�c�c�u�r�a�c�y�.� 

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

�r�e�s�p�o�n�s�e� �a�c�c�u�r�a�c�y� �o�f� �9�8� �p�e�r�c�e�n�t�.� 

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

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

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

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

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

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

�r�e�s�p�o�n�s�e� �(�n�o�t� �t�h�e� �i�n�i�t�i�a�l� �u�p�d�a�t�e� �t�i�m�e�)�.� �T�h�e� �p�r�e� �a�n�d� �p�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n� 

�D�i�s�c�u�s�s�i�o�n� �9�5



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

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

�b�e�t�w�e�e�n� �t�h�e� �c�o�n�t�r�o�l� �b�a�s�e�l�i�n�e� �t�r�e�a�t�m�e�n�t� �c�o�n�d�i�t�i�o�n� �(�1�-�t�a�s�k�)� �a�n�d� �t�h�e� �t�w�o� 

�m�u�l�t�i�t�a�s�k�i�n�g� �c�o�n�d�i�t�i�o�n�s� �(�3�-� �a�n�d� �5�-�t�a�s�k�s�)�.� �R�e�a�c�t�i�o�n� �t�i�m�e� �p�e�r�f�o�r�m�a�n�c�e� �d�i�d� �n�o�t� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �t�h�e� �s�a�m�e� �a�m�c�u�n�t� �o�f� �t�i�m�e� �t�o� �r�e�s�p�o�n�d� �t�o� �u�p�d�a�t�e�s� �i�n� �t�h�e� �3�-�t�a�s�k� �a�n�d� 

�5�-�t�a�s�k� �m�u�l�t�i�t�a�s�k�i�n�g� �t�r�e�a�t�m�e�n�t� �c�o�n�d�i�t�i�o�n�s� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �2�0� �a�n�d� �2�1�.� �I�n� �v�i�e�w� 

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

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

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

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

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

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

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

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

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

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

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

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

�t�o� �t�h�e� �3�-�t�a�s�k� �c�o�n�d�i�t�i�o�n�.� �I�t� �w�a�s� �t�h�e�r�e�f�o�r�e� �s�u�r�p�r�i�s�i�n�g� �t�o� �n�o�t� �f�i�n�d� �a� �s�i�g�n�i�f�i�c�a�n�t� 

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

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

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

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

�d�e�c�i�s�i�o�n� �c�o�m�p�l�e�x�i�t�y�,� �p�a�c�i�n�g�,� �r�e�s�p�o�n�s�e� �c�o�m�p�l�e�x�i�t�y� �(�W�i�c�k�e�n�s�,� �1�9�8�4�)�.� 
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�F�i�g�u�r�e� �2�1�.� 

�T�a�s�k�s� 

�D�i�s�c�u�s�s�i�o�n� 

�A�v�e�r�a�g�e� �P�o�s�t�-�i�n�t�e�r�r�u�p�t�i�o�n� �R�e�a�c�t�i�o�n� �T�i�m�e� �P�e�r�f�o�r�m�a�n�c�e� 
�b�y� �N�u�m�b�e�r� �o�f� �T�a�s�k�s� 

� � 
�2�.�0�-� 

�1
�.�

4�
7�

 

�1
�.�

3�
8�

5�
 

� � � � � � 

� � 

�1� �N�u�m�b�e�r� �o�f� �T�a�s�k�s� �3� 

�A�v�e�r�a�g�e� �P�o�s�t�-�I�n�t�e�r�r�u�p�t�i�o�n� �R�e�a�c�t�i�o�n� �T�i�m�e� �P�e�r�f�o�r�m�a�n�c�e� �b�y� �N�u�m�b�e�r� �o�f� 
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�D�e�c�i�s�i�o�n� �C�o�m�p�l�e�x�i� 

�I�n� �r�e�t�r�o�s�p�e�c�t�,� �t�h�e� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�i�s� �s�t�u�d�y�'�s� 

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

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

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

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

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

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

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

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

�P�a�c�i�n�g� 

�T�h�e� �s�i�m�p�l�e� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �t�h�e� �c�o�n�s�t�a�n�t� �1�5� �s�e�c�o�n�d� 

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

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

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

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

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

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

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

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

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

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

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

�3�-� �a�n�d� �5�-�t�a�s�k� �c�o�n�d�i�t�i�o�n�s� �i�s� �r�e�s�p�o�n�s�e� �c�o�m�p�l�e�x�i�t�y�.� �T�h�e� �r�e�s�p�o�n�s�e� �r�e�q�u�i�r�e�m�e�n�t�s� 

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

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

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

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

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

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

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

�I�n�t�e�r�r�u�p�t�i�o�n� �E�f�f�e�c�t�s� 

�T�h�e� �r�e�s�u�l�t�s� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �G�N�&�C� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �d�i�d� �n�o�t� �a�f�f�e�c�t� 

�r�e�s�p�o�n�s�e� �e�r�r�o�r�s� �o�r� �r�e�a�c�t�i�o�n� �t�i�m�e� �p�e�r�f�o�r�m�a�n�c�e� �o�n� �a�n�y� �o�f� �t�h�e� �1�-�,� �3�-�,� �o�r� �5�-�t�a�s�k� 

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

�f�i�n�d�i�n�g�s�.� �T�h�e� �f�i�r�s�t� �e�x�p�l�a�n�a�t�i�o�n� �i�s� �t�h�a�t� �t�h�e� �G�N�&�C� �i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �w�a�s� �t�o�o� �e�a�s�y�.� 

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

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

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

�m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� �s�e�c�o�n�d� �e�x�p�l�a�n�a�t�i�o�n�,� �a�n�d� �m�o�s�t� �v�i�a�b�l�e�,� �i�s� �t�h�a�t� �t�h�e� �G�N�&�C� 

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

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

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

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

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

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

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

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

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

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

�t�e�c�h�n�i�q�u�e�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�i�s� �s�t�u�d�y�'�s� �m�u�l�t�i�t�a�s�k�i�n�g� �t�a�s�k�s� �a�n�d� �t�h�e� 

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

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

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

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

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

�P�r�a�c�t�i�c�e� 

�D�a�t�a� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �p�r�a�c�t�i�c�e� �(�r�e�p�l�i�c�a�t�i�o�n�)� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �f�a�c�t�o�r� �i�r�:� 

�p�r�e�-�i�n�t�e�r�r�u�p�t�i�o�n� �r�e�a�c�t�i�o�n� �t�i�m�e� �p�e�r�f�o�r�m�a�n�c�e� �(�F�i�g�u�r�e� �2�2�)� �a�n�d� �i�n� �t�h�e� �G�N�&�C� 

�i�n�t�e�r�r�u�p�t�i�o�n� �t�a�s�k� �(�F�i�g�u�r�e� �2�3�)�.� �i�n� �b�o�t�h� �i�n�s�t�a�n�c�e�s�,� �r�e�a�c�t�i�o�n� �t�i�m�e� �d�e�c�r�e�a�s�e�d� �f�r�o�m� 

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

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

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

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

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

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

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

�R�e�m�i�n�d�e�r� �E�f�f�e�c�t�s� 

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

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

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

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

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

�c�o�n�d�i�t�i�o�n�s�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�4�,� �w�i�t�h� �t�h�e� �a�i�d� �o�f� �t�h�e� �c�h�e�c�k�m�a�r�k�,� �t�o�t�a�l� �m�e�n�u� 

�s�e�a�r�c�h� �t�i�m�e� �w�a�s� �d�e�c�r�e�a�s�e�d� �b�y� �1�3� �s�e�c�o�n�d�s�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �s�e�a�r�c�h� �t�i�m�e� �f�o�r� �3�-� 

�a�n�d� �5�-�t�a�s�k�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�a�t� �f�o�r� �1�-�t�a�s�k� �(�F�i�g�u�r�e� �2�5�)� �w�a�s� �n�a�t�u�r�a�l�l�y� �e�x�p�e�c�t�e�d� 

�s�i�n�c�e� �t�h�e�r�e� �w�e�r�e� �m�o�r�e� �i�t�e�m�s� �t�o� �l�o�c�a�t�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �o�v�e�r�a�l�l� �b�e�n�e�f�i�t� �o�f� �t�h�e� 

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

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

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

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

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

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

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

�B�r�o�a�d�b�e�n�t�,� �1�9�8�9�)�.� 

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

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

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

�G�i�l�l�i�e� �a�n�d� �B�r�o�a�d�b�e�n�t�'�s� �(�1�9�8�9�)� �e�x�p�e�r�i�m�e�n�t�a�l� �f�i�n�d�i�n�g�s�.� �A�l�t�h�o�u�g�h� �s�u�b�j�e�c�t�s� �w�e�r�e� 

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

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

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

�i�n�t�e�r�r�u�p�t�i�o�n�.� �I�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �t�h�e� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� �s�y�s�t�e�m�/�t�a�s�k� �n�a�m�e�s� �a�n�d� 

�m�e�n�u� �d�i�d� �n�o�t� �i�m�p�r�o�v�e� �p�e�r�f�o�r�m�a�n�c�e�.� 

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

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

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

�s�y�s�t�e�m�/�t�a�s�k� �n�a�m�e�s� �i�n� �t�h�e� �m�e�n�u�.� �O�n�e� �s�u�b�j�e�c�t� �w�a�s� �u�n�a�b�l�e� �t�o� �l�o�c�a�t�e� �t�h�e� �t�a�s�k�s� �i�n� 

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

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

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

�p�a�r�t�i�c�u�l�a�r� �s�y�s�t�e�m�/�t�a�s�k� �n�a�m�e�,� �o�r� �a� �s�p�e�c�i�f�i�c� �l�e�t�t�e�r� �s�e�q�u�e�n�c�e� �(�i�.�e�.�,� �D�E�M�S� �v�e�r�s�u�s� 

�W�M�S�)�.� �H�e�n�c�e�,� �t�h�e� �c�o�m�p�u�t�e�r�i�z�e�d� �c�h�e�c�k�m�a�r�k� �r�e�m�i�n�d�e�r� �a�l�l�e�v�i�a�t�e�d� �s�o�m�e� �m�e�n�t�a�l� 

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

�P�e�r�c�e�i�v�e�d� �W�o�r�k�l�o�a�d� 

�D�e�s�p�i�t�e� �e�x�c�e�p�t�i�o�n�a�l� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �a�l�l� �t�h�r�e�e� �N�u�m�b�e�r� �o�f� �T�a�s�k�s� 

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

�i�n�c�r�e�a�s�e�d�.� �T�h�e� �5�-�t�a�s�k� �c�o�n�d�i�t�i�o�n� �w�a�s� �r�a�t�e�d� �a�s� �t�h�e� �h�i�g�h�e�s�t� �m�e�n�t�a�l� �w�o�r�k�l�o�a�d�,� 

�f�o�l�l�o�w�e�d� �b�y� �3�-�t�a�s�k�s�,� �a�n�d� �f�i�n�a�l�l�y�,� �t�h�e� �1�-�t�a�s�k�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �m�u�s�t� �b�e� �q�u�a�l�i�f�i�e�d� �b�y� 

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

�t�h�e� �a�v�e�r�a�g�e�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�7� �o�f� �t�h�e� �D�a�t�a� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�s�u�l�t�s� �s�e�c�t�i�o�n� �w�e�r�e� 
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�r�o�u�n�d�e�d� �t�o� �t�h�e� �n�e�a�r�e�s�t� �w�h�o�l�e� �n�u�m�b�e�r�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �t�a�s�k� �r�a�t�i�n�g�s� 

�b�e�c�o�m�e� �i�,� �2�,� �a�n�d� �3�.� �R�e�f�e�r�r�i�n�g� �t�o� �t�h�e� �s�c�a�l�e� �i�n� �A�p�p�e�n�d�i�x� �V�,� �w�e� �s�e�e� �t�h�a�t� �t�h�e�s�e� 

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

�d�i�f�f�i�c�u�l�t�.�"� �S�i�n�c�e� �t�h�e� �h�i�g�h�e�s�t� �r�a�t�i�n�g� �w�a�s� �3� �f�o�r� �t�h�e� �5�-�t�a�s�k� �c�o�n�d�i�t�i�o�n�,� �w�e� �f�i�n�d� �t�h�a�t� 

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

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

�c�o�n�d�i�t�i�o�n�s� �t�o� �b�e� �e�x�t�r�e�m�e�l�y� �d�i�f�f�i�c�u�l�t�.� 
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�C�O�N�C�L�U�S�I�O�N�S� 

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

�p�e�o�p�l�e�'�s� �a�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �s�e�v�e�r�a�l� �p�r�i�m�a�r�y� �s�e�q�u�e�n�t�i�a�l� �t�a�s�k�s� �a�n�d� �a�n� �i�n�d�e�p�e�n�d�e�n�t� 

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

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

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

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

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

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

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

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

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

�c�o�n�d�i�t�i�o�n�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�)�.� 

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

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

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

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

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

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

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

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

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

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

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

�t�h�o�s�e� �o�f� �p�a�s�t� �m�u�l�t�i�t�a�s�k�i�n�g� �a�n�d� �d�u�a�l�-�t�a�s�k� �e�x�p�e�r�i�m�e�n�t�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �t�y�p�e�s� �o�f� 

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

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

�t�a�s�k�s� �i�n� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �s�e�n�s�e�.� �W�e� �h�a�v�e� �a�l�r�e�a�d�y� �n�o�t�e�d� �t�h�e� �r�e�s�p�o�n�s�e�s� �m�a�d�e� �t�o� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�b�e� �s�e�l�e�c�t�e�d� �a�n�d� �p�e�r�f�o�r�m�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �a�s� �a� �s�e�c�o�n�d�a�r�y� �t�a�s�k�-�-�i�f� �i�t� �i�s� �t�o� �p�r�o�v�e� 

�d�i�s�r�u�p�t�i�v�e� �t�o� �t�h�e� �m�a�i�n� �t�a�s�k�s�.� �F�o�u�r�t�h�,� �c�a�r�e�f�u�l� �c�o�n�s�i�d�e�r�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �g�i�v�e�n� �t�o� 

�t�h�e� �t�y�p�e� �o�f� �c�o�m�p�u�t�e�r� �a�n�d� �s�o�f�t�w�a�r�e� �u�s�e�d� �f�o�r� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �I�f� �p�o�s�s�i�b�l�e�,� �a� 

�s�y�s�t�e�m� �t�h�a�t� �s�u�p�p�o�r�t�s� �i�n�t�e�r�n�a�l� �m�u�l�t�i�p�r�o�c�e�s�s�i�n�g� �s�h�o�u�l�d� �b�e� �c�h�o�s�e�n�.� �F�i�f�t�h�,� �v�a�r�i�o�u�s� 

�o�t�h�e�r� �f�o�r�m�s� �o�f� �c�o�m�p�u�t�e�r�-�b�a�s�e�d� �r�e�m�i�n�d�e�r�s� �s�h�o�u�l�d� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d�,� �s�u�c�h� �a�s� 
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�h�i�s�t�o�r�y� �c�h�a�r�t�s�,� �i�c�o�n�s�,� �e�t�c�.� �F�i�n�a�l�l�y�,� �a�l�l� �e�f�f�o�r�t�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �t�o� �o�b�t�a�i�n� �a� �s�u�b�j�e�c�t�'�s� 

�c�o�m�m�e�n�t�s� �a�n�d� �o�b�s�e�r�v�a�t�i�o�n�s�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�A�d�a�m�s�,� �J�.� �A�.� �(�1�9�8�0�)�.� �L�e�a�r�n�i�n�g� �m�e�m�o�r�y�:� �A�n� �i�n�t�r�o�d�u�c�t�i�o�n�.� �H�o�m�e�w�o�o�d�,� �I�L�:� �D�o�r�s�e�y�.� 

�B�a�d�d�e�l�e�y�,� �A�.� �D�.�,� �a�n�d� �H�i�t�c�h�,� �G�.� �(�1�9�7�4�)�.� �W�o�r�k�i�n�g� �m�e�m�o�r�y�.� �I�n� �G�.� �B�o�w�e�r� �(�E�d�.�)�,� 
�R�e�c�e�n�t� �a�d�v�a�n�c�e�s� �i�n� �l�e�a�r�n�i�n�g� �a�n�d� �m�o�t�i�v�a�t�i�o�n� �(�V�o�l�.� �8�)�.� �N�e�w� �Y�o�r�k�:� 
�A�c�a�d�e�m�i�c� �P�r�e�s�s�.� 

�B�a�n�n�o�n�,� �L�.�,� �C�y�p�h�e�r�,� �A�.�,� �G�r�e�e�n�s�p�a�n�,� �S�.�,� �a�n�d� �M�o�n�t�y�,� �M�.� �L�.� �(�1�9�8�3�,� �D�e�c�e�m�b�e�r�)�.� 
�E�v�a�l�u�a�t�i�o�n� �a�n�d� �a�n�a�l�y�s�i�s� �o�f� �u�s�e�r�s �� �a�c�t�i�v�i�t�y� �o�r�g�a�n�i�z�a�t�i�o�n�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� 
�C�H�i�  ��8�3� �(�p�p�.� �5�4�-�5�7�)�.� �N�e�w� �Y�o�r�k�:� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �A�C�M�.� 

�B�i�l�l�i�n�g�s�l�e�y�,� �P�.� �A�.� �(�1�9�8�8�)�.� �T�a�k�i�n�g� �p�a�n�e�s�:� �I�s�s�u�e�s� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �w�i�n�d�o�w�i�n�g� 
�s�y�s�t�e�m�s�.� �I�n� �M�.� �H�e�l�a�n�d�e�r� �(�E�d�.�)�,� �H�a�n�d�b�o�o�k� �o�f� �h�u�m�a�n�-�c�o�m�p�u�t�e�r� �i�n�t�e�r�a�c�t�i�o�n� 
�(�C�h�a�p�t�e�r� �1�8�)�.� �N�o�r�t�h�-�H�o�l�l�a�n�d�:� �E�l�s�e�v�i�e�r�.� 

�B�l�y�,� �S�.� �A�.�,� �a�n�d� �R�o�s�e�n�b�e�r�g�,� �J�.� �K�.� �(�1�9�8�6�,� �A�p�r�i�l�)�.� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�i�l�e�d� �a�n�d� 
�o�v�e�r�l�a�p�p�i�n�g� �w�i�n�d�o�w�s�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �C�H�I�  ��8�6� �(�p�p�.� �1�0�1�-�1�0�6�)�.� �N�e�w� 
�Y�o�r�k�:� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �A�C�M�.� 

�B�o�f�f�,� �K�.� �R�.�,� �a�n�d� �L�i�n�c�o�l�n�,� �J�.� �E�.� �(�E�d�s�.�)�.� �(�1�9�8�8�)�.� �E�n�g�i�n�e�e�r�i�n�g� �d�a�t�a� �c�o�m�p�e�n�d�i�u�m�:� 
�H�u�m�a�n� �p�e�r�c�e�p�t�i�o�n� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �(�V�o�l�.� �I�l�)�.� �(�7�.�0� �A�t�t�e�n�t�i�o�n� �a�n�d� 
�A�l�l�o�c�a�t�i�o�n� �o�f� �R�e�s�o�u�r�c�e�s�)�.� �N�e�w� �Y�o�r�k�:� �W�i�l�e�y�.� 

�B�r�o�a�d�b�e�n�t�,� �D�.� �A�.� �(�1�9�7�5�)�.� �T�h�e� �m�a�g�i�c�a�l� �n�u�m�b�e�r� �s�e�v�e�n� �a�f�t�e�r� �f�i�f�t�e�e�n� �y�e�a�r�s�.� �I�n� �A�.� 
�K�e�n�n�e�d�y� �a�n�d� �A�.� �W�i�l�k�e�s� �(�E�d�s�.�)�,� �S�t�u�d�i�e�s� �i�n� �l�o�n�g�-�t�e�r�m� �m�e�m�o�r�y�.� �N�e�w� �Y�o�r�k�:� 
�W�i�l�e�y�.� 

�B�o�w�e�r�,� �G�.� �H�.� �(�1�9�7�2�)�.� �M�e�n�t�a�!� �i�m�a�g�e�r�y� �a�n�d� �a�s�s�o�c�i�a�t�i�v�e� �l�e�a�r�n�i�n�g�.� �i�n� �L�.� �W�.� �G�r�e�g�g� 
�(�E�d�.�)�,� �C�o�g�n�i�t�i�o�n� �i�n� �l�e�a�r�n�i�n�g� �a�n�d� �m�e�m�o�r�y�.� �N�e�w� �Y�o�r�k�:� �W�i�l�e�y�.� 

�C�a�r�d�,� �S�.� �K�.�,� �a�n�d� �H�e�n�d�e�r�s�o�n�,� �A�.� �J�r�.� �(�1�9�8�7�)�.� �A� �m�u�l�t�i�p�l�e�,� �v�i�r�t�u�a�l�-�w�o�r�k�s�p�a�c�e� 
�i�n�t�e�r�f�a�c�e� �t�o� �s�u�p�p�o�r�t� �u�s�e�r� �t�a�s�k� �s�w�i�t�c�h�i�n�g�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �C�H�I� �+� �G�I�!� �(�p�p�.� 
�5�3�-�5�9�)�.� �N�e�w� �Y�o�r�k�:� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �A�C�M�.� 

�R�e�f�e�r�e�n�c�e�s� �1�1�2



�C�a�r�d�,� �S�.� �K�,� �M�o�r�a�n�,� �T�.� �P�.�,� �a�n�d� �N�e�w�e�l�l�,� �A�.� �(�1�9�8�6�)�.� �T�h�e� �m�o�d�e�l� �h�u�m�a�n� �p�r�o�c�e�s�s�o�r�:� 
�A�n� �e�n�g�i�n�e�e�r�i�n�g� �m�o�d�e�l� �o�f� �h�u�m�a�n� �p�e�r�f�o�r�m�a�n�c�e�.� �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�u�m�e� �I�I� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�e�s� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �(�C�h�a�p�t�e�r� 
�4�5�)�.� �N�e�w� �Y�o�r�k�:� �W�i�l�e�y�.� 

�C�a�r�d�,� �S�.� �K�.�,� �P�a�v�e�l�,� �M�.�,� �a�n�d� �F�a�r�r�e�l�l�,� �J�.� �E�.� �(�1�9�8�7�)�.� �W�i�n�d�o�w�-�b�a�s�e�d� �c�o�m�p�u�t�e�r� 
�d�i�a�l�o�g�u�e�s�.� �I�n� �R�.� �M�.� �B�a�e�c�k�e�r� �a�n�d� �W�.� �A�.� �S�.� �B�a�x�t�o�n� �(�E�d�s�.�)�,� �R�e�a�d�i�n�g�s� �i�n� 
�h�u�m�a�n�-�c�o�m�p�u�t�e�r� �i�n�t�e�r�a�c�t�i�o�n�:� �A� �m�u�l�t�i�d�i�s�c�i�p�l�i�n�a�r�y� �a�p�p�r�o�a�c�h� �(�p�p�.� �4�5�6�-�4�6�0�)�.� 
�L�o�s� �A�l�t�o�s�,� �C�A�:� �M�o�r�g�a�n� �K�a�u�f�m�a�n�n�.� 

�C�h�a�s�e�,� �W�.� �G�.�,� �a�n�d� �E�r�i�c�s�s�o�n�,� �K�.� �A�.� �(�1�9�8�1�)�.� �S�k�i�l�l�e�d� �m�e�m�o�r�y�.� �I�n� �J�.� �R�.� �A�n�d�e�r�s�o�n� 
�(�E�d�.�)�,� �C�o�g�n�i�t�i�v�e� �s�k�i�l�l�s� �a�n�d� �t�h�e�i�r� �a�c�q�u�i�s�i�t�i�o�n�.� �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�.� 

�C�y�p�h�e�r�,� �A�.� �(�1�9�8�6�)�.� �T�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �u�s�e�r�s �� �a�c�t�i�v�i�t�i�e�s�.� �I�n� �D�.� �A�.� �N�o�r�m�a�n� �a�n�d� �S�.� �W�.� 
�D�r�a�p�e�r� �(�E�d�s�.�)�,� �U�s�e�r� �c�e�n�t�e�r�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n� �(�C�h�a�p�t�e�r� �1�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�.� 

�D�a�m�o�s�,� �D�.� �L�.�,� �a�n�d� �S�m�i�s�t�,� �T�.� �E�.� �(�1�9�8�3�)�.� �I�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�u�l�t�i�p�l�e�-�t�a�s�k� 
�p�e�r�f�o�r�m�a�n�c�e� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �r�e�s�p�o�n�s�e� �s�t�r�a�t�e�g�y�.� �H�u�m�a�n� �F�a�c�t�o�r�s�,� �2�5�(�2�)�,� 
�2�1�5�-�2�2�6�.� 

�D�u�m�a�i�s�,� �S�.� �T�.� �(�1�9�8�8�)�.� �T�e�x�t�u�a�l� �i�n�f�o�r�m�a�t�i�o�n� �r�e�t�r�i�e�v�a�l�.� �I�n� �M�.� �H�e�l�a�n�d�e�r� �(�E�d�.�)�,� 
�H�a�n�d�b�o�o�k� �o�f� �h�u�m�a�n�-�c�o�m�p�u�t�e�r� �i�n�t�e�r�a�c�t�i�o�n� �(�C�h�a�p�t�e�r� �3�0�)�.� �N�o�r�t�h�-�H�o�l�l�a�n�d�:� 
�E�l�s�e�v�i�e�r�.� 

�F�i�n�d�l�a�y�,� �J�.� �M�.�,� �D�a�v�i�e�s�,� �S�.� �P�.�,� �K�e�n�t�r�i�d�g�e�,� �R�.�,� �L�a�m�b�e�r�t�,� �A�.� �J�.�,� �a�n�d� �K�e�l�l�y�,� �J�.� �(�1�9�8�8�)�.� 
�O�p�t�i�m�u�m� �d�i�s�p�l�a�y� �a�r�r�a�n�g�e�m�e�n�t� �f�o�r� �p�r�e�s�e�n�t�i�n�g� �v�i�s�u�a�l� �r�e�m�i�n�d�e�r�s�.� �I�n� �D�.� �M�.� 
�J�o�n�e�s� �a�n�d� �R�.� �W�i�n�d�e�r� �(�E�d�s�.�)�,� �P�e�o�p�l�e� �a�n�d� �c�o�m�p�u�t�e�r�s� �I�V�:� �P�r�o�c�e�e�d�i�n�g�s� �o�f� 
�t�h�e� �f�o�u�r�t�h� �c�o�n�f�e�r�e�n�c�e� �o�f� �t�h�e� �B�r�i�t�i�s�h� �C�o�m�p�u�t�e�r� �S�o�c�i�e�t�y� �(�p�p�.� �4�5�3�-�4�6�4�)�.� 
�C�a�m�b�r�i�d�g�e�,� �L�o�n�d�o�n�:� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�.� 

�G�a�y�l�i�n�,� �K�.� �B�.� �(�1�9�8�6�,� �A�p�r�i�l�)�.� �H�o�w� �a�r�e� �w�i�n�d�o�w�s� �u�s�e�d�?� �S�o�m�e� �n�o�t�e�s� �o�n� �c�r�e�a�t�i�n�g� �a�n� 
�e�m�p�i�r�i�c�a�l�l�y�-�b�a�s�e�d� �w�i�n�d�o�w�i�n�g� �b�e�n�c�h�m�a�r�k� �t�a�s�k�.� �I�n� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �C�H�I� �'�8�6� 
�(�p�p�.� �9�6�-�1�0�0�)�.� �N�e�w� �Y�o�r�k�:� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �A�C�M�.� 

�R�e�f�e�r�e�n�c�e�s� �1�1�3


