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This research tested the effect of unique combinations of interface coding and presentation 

techniques for the redesign of the AN/SLQ-32(V) Display Control Console (DCC). The DCC 

provides Navy operators with bearing and threat information for radar emitters. The task of 

emitter identification was used to test potential redesigns. There is no research to 

substantiate the current or possible redesign solutions. Thus, Experiment 1 tested potential 

design modifications for the DCC. 

The factorial combination of the following comparisons yielded eight possible design 

solutions: color versus monochrome coding, polar (bearing only) versus range (bearing and 

range) presentation, and geometric symbols versus icons. Each design was tested in three 

conditions of emitter density: low, medium, and high. Researchers have evaluated color and 

symbology with consideration to emitter display systems, but without considering how range 

information and emitter density effect performance. Results indicate that range information 

improves performance by 60%. The addition of color and the new icons also significantly 

improves performance (17% and 15%, respectively) as compared to the current DCC 

configuration (Polar, Geometric, and Monochrome). Performance was measured by time to 

complete a task, errors, and subjective workload. 

Experiment 2 considered redesign solutions not restricted to the existing hardware or 

software. Although discussed frequently in the interface literature, performance differences 

between direct-manipulation and command-key interfaces have not been validated. In this 

study, two interfaces were constructed to take advantage of direct manipulation and 

command-key interaction (DMI and CKI, respectively) styles while adding a computer-aided



emitter library management system, an on-screen oscilloscope, a polygon display of emitter 

parameters, range information, icons, increased usage of color, and other design changes. 

Results indicate no differences between the CKI and DMI for the time required to perform 

the task or for subjective workload. Although both interfaces were designed to take advantage 

of their respective features, operators did not perform faster with the CKI than with the DMI. 

However, operators did have significantly fewer errors with the DMI than with the CKI. 

When compared to the existing DCC and the Range/Color/Iconic design, operators using the 

CKI and DMI: (1) processed twice as many emitters, (2) reduced one type of error by 50% 

(CKI) or 67% (DMI), (3) reduced a second type of error to zero, (4) decreased subjective 

workload by over 50%, and (5) maintained a higher level of performance regardless of emitter 

density.
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GLOSSARY 

AN/SLQ-32(V) — The system is a passive receiver of radio-frequency energy that can detect 

and analyze signals from any bearing surrounding the ship. The unit provides an 

identification of the energy source and the bearing to the source from the ship. 

Bias — The inclination of the emitter: Friendly or Hostile. 

CAIS (Computer Aided Information System) - A term used to describe a database capable 

of searching and retrieving emitter information based on a variety of parameters. An 

advanced CAIS may employ advanced standard query capabilities, sound identification 

algorithms, and graphical representations of emitter tones. 

Close Control - The emitter currently being processed by the AN/SLQ-32(V). Information 

known about the hooked emitter are Close Control] Parameters. 

Close Control Parameters -— Parameters that identify an emitter. In this research five 

parameters are used: PRF, SCAN, SCAN TYPE, EFX, and FREQ. 

CIC (Command Information Center) — Area on-board ship that contains the command and 

control functions and equipment needed to identify potential threats. 

DCC (Display Control Console) - Portion of the AN/SLQ-32(V) where the operator 

interfaces with the machine. The principal operator input/output devices of the DCC consist 

of a cathode—ray tube (CRT) visual display, light emitting diode (LED) auxiliary indicator 

display, an alphanumeric keyboard, and assorted fixed—action function keys. 

Designation Error - The incorrect designation of a real emitter with the wrong EFX number. 

Designate ID - To properly identify an unknown emitter with the appropriate identification 

number. 

Dummy Targets — An experimental definition for targets presented during experimental 

conditions that do not appear on the sequence list. Hooking a dummy target is an error. 

EW - Electronic Warfare or Electronic Warfare Operator — Military action involving the 

use of electromagnetic energy to determine, exploit, reduce, or prevent hostile use of the 

electromagnetic spectrum. Term also commonly refers to the operator of an electronic 

warfare system. 

EFX - A number used to designate the emitter as a specific type of platform. 

Emitter — Any radar emitting craft. 

Fixed Action Button (FAB) — A square 1.9 cm button located on the DCC for making 

selections of menus and functions. 

FREQ (Frequency) — The frequency of the signal generated by the radar of an emitter. The 

numbers are randomly generated for this experiment. 

GeoSit Display (Range display) — A geographic situational display that provides range and 

bearing information. Land masses can also be displayed in certain systems. 

GLOSSARY xvi



Hooking — Placing an emitter in Close Control by selecting an emitter icon from the polar 

display is called hooking. See Sequence Select. 

Incorrect Designation — See Designation Error. 

Library - The library is a list of emitters and their associated emission parameters known by 

the AN/SLQ-32(V). The library of DCC contains about 130 different emitters. 

Library Search - A process whereby the computer searches for an emitter from the on-line 

library that matches the emitter selected by the operator. (See CAIS) 

NTDS - Naval Tactical Display System. A computerized system linking consoles, ships, and 

aircraft for processing and sharing of tactical data. 

Own-ship — The ship where the AN/SLQ-32(V) and the operator are located. 

Platform - A platform is a land, sea, or air vehicle capable of carrying missiles. 

Polar Display - The current AN/SLQ-32(V) tactical display has a polar display. The Polar 

display presents bearing information. The DCC also represents targets in three concentric 

rings to seperate the emitters by threat level; the inner ring is for known friendly emitters, 

the middle ring for known missiles, and the outer ring for all others. 

PRF (Pulse Repetition Frequency) — The time interval between pulses emitted by a radar. 

The numbers are randomly generated for this experiment. PRF is the inverse of Pulse 

Repetition Interval (PRD. 

Range display — See GeoSit. 

Real Emitters - Emitters presented on the display and on the sequence list. Selection and 

identification of an emitter are the primary tasks of the operator in the experiment. 

Scan - A number representing the rate of scanning. The numbers are randomly generated for 

this experiment. 

Scan Type - One of four classes of radar signals generated by emitters for this experiment. 

The four sounds are Conical (CON), Standard (STD), Circular (CIR), and Sectional (SEC). 

There are dozens of sub-classes of scanning types. 

Sequence List - A list of all emitters detected by the AN/SLQ-32(V), sorted by threat level. 

Fifteen emitters are presented at any one time. If more than 15 are present, multiple pages 

of emitters are created. The up and down arrows jump the list to the next and previous 

pages, respectively. 

Sequence Select — (Also called the Sequence FAB) A FAB on the DCC that allows the 

operator to select emitters presented in the Sequence List. Depressing the Sequence Select 

button on the DCC selects the next emitter in the Sequence List. The computer selects the 

first emitter on the Sequence List when there was no previously selected emitter. 
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INTRODUCTION 

In complex systems, an operator must understand many sources of information to make 

decisions. As the amount and complexity of information increases, the decision making 

process becomes more difficult. 

Computers efficiently analyze large amounts of well-defined values against established 

criteria (e.g., IF temperature > x, THEN air = True). However, computers do not work well in 

fuzzy areas of logic (e.g., IF the noise picked up from the radar matches known patterns from 

a Boeing 737, THEN do not fire a missile). Fuzzy logic, as described by Rouse (1980), can be 

applied to complex systems, but many systems are so complex that human operators are stil] 

needed to interpret information and supervise control actions. 

In the U.S. Navy, operators are often required to make decisions based on complex 

information. One system, the AN/SLQ-32(V), detects and processes passive radar emissions to 

determine possible threats to the operator’s own ship. This research addresses how interface 

design changes affect operator performance in the context of the AN/SLQ-32(V). This chapter 

briefly introduces the reader to the AN/SLQ-32(V). A more detailed analysis of the design of 

the AN/SLQ-32(V) was reported in Beaton, Dyess, Miller, and Moscovic (1991). A glossary of 

frequently used terms can be found on page xvi. 

The AN/SLQ-32(V) Electronic Warfare Console 

The AN/SLQ-32(V) is a naval electronic warfare console for Anti-Ship Missile Defense 

(ASMD). Variations of the AN/SLQ-32(V) are found on many U.S. Navy ships. The 

experiments described herein examined design concepts for future versions of the AN/SLQ- 

32(V) Display and Control Console (DCC). Results are discussed as pertinent to the AN/SLQ- 

32(V) and other complex information display systems. 

The DCC provides the communications and control interface between the operator and the 

AN/SLQ-32(V) radar detection units (Figure 1). A monochrome 30.24 cm display is used to 

present detected emitters to the Electronic Warfare (EW) operator in the environment. 

Emitter information is based on radar emissions from land, surface, subsurface, or airborne 

craft surrounding the ship. Missiles and missile-carrying platforms such as ships and aircraft 

are the primary concern of the AN/SLQ-32(V) operator. Geometric symbols are used to 

represent emitters on a circular three-ring display called the polar display, referred to as a 

“wagonwheel.” Additional space around the polar display is used to present other information. 

The polar display represents a 360-degree view from either the ship or a remotely piloted 

helicopter and does not contain any range or altitude information. 

The three concentric rings on the polar display are used to categorize the types of emitters 

(Figure 2). This representation provides operators with a two-dimensional presentation of 

detected emitters surrounding their own-ship (the ship where the AN/SLQ-32(V) and the 

operator are located). The three rings or zones are: 

INTRODUCTION 1



     
(G gz“ 
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Primary Controls: 

lsometric Joystick 

Fast Action Buttons (FABs) 

Keyboard 

  
Figure 1. Display control console for the AN/SLQ-32(V). 

*Unknown/Hostile Non-Missiles Zone: outer ring used to display unidentified or hostile 
non-missile emitter known to the AN/SLQ-32(V), 

¢Missile Zone: middle ring used to display the tracking of missiles known to the AN/SLQ- 
32(V) system, 

°Friendly Zone: inner ring used to display friendly emitters and own-ship known to the 
AN/SLQ-32(V) system. 

In addition to the wagonwheel, the Polar display contains several auxiliary text areas 

(Table 1). In addition to the Polar display, the AN/SLQ-32(V) presents a number of 

supplemental screens to support the operator’s task objectives (Table 2). These supplemental 

screens (Table 2) are accessed through various Fixed Action Buttons (FABs) located above the 

keyboard on the DCC (Figure 1). Any activated supplemental screens replace the polar 

display with a tabular list format. Additionally, many of the supplemental screens contain 

prompts for operator menu selection and data entry. 
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Figure 2. Primary visual display layout for AN/SLQ-32(V). 

  

  

  

  

  

  

  

  

  

TABLE 1 

Description of Polar Display Areas on AN/SLQ-32(V) 

Area Purpose 

Various alert messages: system faults, LAMPS system faults, emitter 

Alert alerts, CDS alerts, decoy alerts, tape fail alerts, interim faults, executive 

faults, DCC errors 

Decoy Message Instructional messages for BDA operations 

Status Various status messages 

Data Entry Data entry prompts 

Close Control Parameters for emitter(s) in close control 

Engagement and . 
Threat Summary Parameters for known emitter(s)         
The video monitor is one of many visual information sources found on the DCC. Status 

lights, buttons, knobs, and switches are located below the screen to provide additional sources 

of information about the operation of the system (see “Explanation of AN/SLQ-32(V) System,” 

page 142 for a detailed view of the DCC layout). 
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TABLE 2 
Description of Supplemental Displays on the AN/SLQ-32(V) 
  

  
  

  

  

  

  

  

  

  

  

  

  

  

Display Access FAB | Purpose 

. . . Tabular display of tactical bias factors, inhibited 
ESM Tactical Specification | ANAL categories, and anticipated platforms 

Standard/Upgraded Band 1 ANAL Tabular display of Upgraded Band 1 parameters, 
Control selection of Search or Blanking Control Tables 

Tabular display of Band 3 parameters, selection of 
Band 3 Control ANAL sensitivity (High Angle Threat not implemented) 

Rapid Response ANAL (Unknown at present time) 

Tabular listing of CDS band reporting, selection of CDS 

Band Report ANAL enable/disable function 

Tabular listing of synchro data sources for relative wind 
Synchro Data ANAL direction and speed, own-ship heading and rol] 

AMPS Tabular listing of LAMPS ESM receiver frequency 
L Search Control ANAL search controls. Selection of new sectors, report inhibits 

Up to three separate tabular listing for ESM, ECM, and 
Status ANAL High Voltage Status Displays 

LIBRARY Tabular listing of emitter parameters, selection of 
Library Control ENTRY create, delete, duplicate, modify, edit LAMPS, send 

LAMPS, transfer to tape functions 

SLQ-32 ESM Reporting 
Inhibits Table (LAMPS INHIBIT ae spas 
ESM Reporting Inhibits REVIEW Tabular listing of CDS report inhibits 

Table) 

SLQ-32 Platform Review PLTFRM Tabular listing of emitter parameters, selection of add, 

(LAMPS Platform Review) | CORREL delete, rename, rescind functions 

Decov Status DECOY Tabular listing of AECM decoy parameters, selection of 

y STATUS terminate, reinitialization, tube, and override functions           

The primary controls are located below the screen and consist of a standard QWERTY 

keyboard, an isometric joystick, 24 FABs, an audio control group, and an Active Electronic 

Counter-Measure (AECM) control group. Furthermore, EW operators may have access to a 5- 

inch monitor, the ULQ-16, or an oscilloscope (or both). The ULQ-16 is used for frequency 

spectrum analysis, and the oscilloscope is used for visualization of the emitter signals. These 

two display devices are positioned close to the operator’s seat, on the operator’s left or right 

depending on the ship. 

The AN/SLQ-32(V) requires continuous around-the-clock monitoring by at least one EW 

operator. The EW operator is required to perform a variety of tasks, including maintaining a 

library of known craft and missiles, recording hostile emitter capabilities, keeping the ship 

commander apprised of all threats, deploying chaff and decoys, and managing anti-electronic 

countermeasures. These tasks support the task of maintaining a known threat environment. 

INTRODUCTION 4



The AN/SLQ-32(V) computer detects electronic emissions and attempts classification, but 

the current classification system frequently is wrong and always requires operator evaluation 

of emitter identification. Operators use information received by other shipboard electronic 

systems and publications (which list parameters of known emitters) to identify emitters. 

Since the AN/SLQ-32(V) does not present range information, and range information can help 

to determine the priority of the emitter, the Naval Tactical Display System (NTDS) console is 

viewed for range information. The NTDS console usually is co-located with the AN/SLQ-32(V). 

A single operator frequently uses the two systems in tandem to determine threat and range. 

The AN/SLQ-32(V) Operator’s Task 

The primary mission of the AN/SLQ-32(V) operator is to maintain a known system state. 

The operator’s basic task is to (1) recognize that an emitter is present, (2) collect information 

about the emitter, and (3) enter an emitter identification number into the system based on the 

information collected. This task was identified from a functional analysis of the AN/SLQ-32(V) 

operator’s job and is called the integrated task (IT). For details of the functional and task 

analysis the reader is referred to Beaton et al. (1991) and Dyess (1992). The IT is used to test 

changes to the DCC interface. The IT for AN/SLKQ-32(V) operators is shown in Table 3. 

Although many actions are required to operate the AN/SLQ-32(V), the IT is the primary 

task and was the basis for evaluating redesign configurations of the AN/SLQ-382(V). Please see 

“BACKGROUND FOR EXPERIMENT 1,” page 10 for the design considerations applicable to 

the redesign of the AN/SLQ-32(V). This research tested a number of alternative display 

configurations in a controlled laboratory environment. 

TABLE 3 
The AN/SLQ-32(V) Integrated Task (IT) 

Operator hears an alert and new emitters appear 
  

  

2 Operator “hooks” (selects) emitter with the isometric joystick 
  

Operator assimilates the following emitter parameters: 
a. Close Control parameters (bearing, threat level, bias factor frequency, PRF, scan, scan 

3 type, assigned EFX) 
b. Auditory display of scan 
c. Visual representation of scan (oscilloscope, or frequency spectrum analyzer-ULQ-16) 
  

Operator searches through written publications and/or on-line libraries for an ID/ 

  

  

  

  

        
confirmation 

5 Operator agrees or disagrees with the system designation and identification 

6a Operator records the emitter into a log and returns to step 2 

éb Operator searches again through library and/or publications for the correct designation 

7 Operator designates the ID, otherwise the new emitter is added to the library 

8 Operator records the emitter into a log and returns to step 2 for additional emitters 

1 Operator hears an alert and new emitters appear 
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Experiment Overview 

Testing Rationale 

The redesign of an interface for an existing system involves many constraints. A designer 

must work within the constraints imposed by mechanical and electrical engineering, 

marketing, finance, and management. Changes in a system can be easy or difficult to 

implement. Easy changes might require only a small amount of programming, such as the 

replacement of a toggle switch with a rotary switch. More difficult changes might include the 

redesign of a search algorithm or the addition of a large-screen monitor. The costs and 

benefits of simple and complex changes must be considered when proposing redesigns. When 

a system is used by hundreds of operators, training costs also must be considered. A 

redesigned system should be easier to use, more intuitive, and prone to fewer errors. These 

factors should help reduce the time and complexity of training. 

The AN/SLQ-32(V) has hundreds of functions, making a complete redesign of the system 

very complex. These experiments tested human-computer interface issues hypothesized to 

have an impact on usability. Previous examinations of the problems with the AN/SLQ-32(V) 

focused on display size, use of multiple displays, incorporation of touchscreens, use of color, 

and display addressability (Naval Ocean Systems Center, 1991). However, redesign 

recommendations made in the Naval Ocean Systems Center (NOSC) document were not 

justified with empirical evidence. Recommendations concerning input devices, touchscreens, 

color, screen resolution and addressability, audio cues, and other design decisions were not 

substantiated with any empirical evidence. Variables tested in this research were based on 

the NOSC document, discussions with Navy personnel, and the lack of experimental evidence 

to support the use of range, color, and iconic information on a display capable of displaying in 

varying densities (Beaton et al., 1991). 

Purpose of Experiment / 

Experiment 1 examined the effect of several variables on the time to complete a task, the 

number and type of errors committed, and a subjective assessment of interface styles. The 

levels of independent variables included Color versus Monochrome display, Polar versus 

Range (a Geographic Situational or GeoSit) display, Geometric (on the current AN/SLQ- 

32(V2)) versus NATO iconic symbols, and Display density (Low, Medium, High). 

Replacing the Polar display with a GeoSit display is warranted. First, the GeoSit display 

employs a known method for displaying range information, which currently is retrieved from 

other systems to ascertain the criticality of an emitter. Second, the GeoSit display assists the 

EW operator with interpreting the overa]] “picture” of the tactical environment by providing 

range information for emitters. Third, the GeoSit display is consistent with the Naval Tactical 

Display System (NTDS) in the Command Information Center (CIC).. Therefore, compatibility 

between the AN/SLQ-32(V) and other CIC systems would be improved with the addition of the 

range information. 
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Experiment 1 examined whether color coding would facilitate the EW operator tasks by 

reducing errors and search times. The current system uses concentric rings to separate 

missiles, friendly targets, and hostile/unknown targets. Given the large amount of 

information presented to the operator and the need for efficient processing of information, 

Experiment 1 tested whether the addition of color would improve the operator’s ability to 

detect emitters. 

Research in icon design shows that pictures representative of the type of information to be 

processed are more likely to be remembered and understood (Blankenberger and Hahn, 

1991). The AN/SLQ-32(V) symbol set contains abstract symbols that are not representative of 

emitters on the tactical display. Experiment 1 compared the current abstract symbols and a 

new iconic set of symbols based on the draft North Atlantic Treaty Organization (NATO) 

STANdardization AGreement guidelines (STANAG, 1991). Graphics for missiles (geometric— 

vs. iconic— FY. and airplanes (geometric— vs. iconic— are two examples of the 

difference between the current and proposed symbols. Additionally, NATO icons would 

facilitate standardization within the CIC. 

Purpose of Experiment 2 

Experiment 2 tested two DCC configurations based on a Direct-Manipulation Interface 

(DMI) and a Command-Key Interface (CKI). The variables found to improve operator 

performance in Experiment 1 were used in designing the interfaces tested in Experiment 2. 

The interface designs in Experiment 2 have specific features that were known to improve 

performance in Experiment 1 plus new several features. 

In Experiment 2, the procedure for analyzing emitter parameters was aided by a 

computer-assisted identification system (CAIS). This redesign had three advantages over the 

existing Baseline design, which is the combination of factors that reflect the AN/SLQ-32(V2) 

DCC (Monochrome, Polar, and Geometric design features). First, the existing library 

structure forces an EW operator to rely on manual searches in large publications, searches 

that require the operator to look away from the primary visual display. These publications are 

not organized by the same principles as the emitter parameters presented on the screen, in 

the close control area, or in the on-line library. A single search requires the operator to look at 

four different sets of information, each presented in a different format. The redesigns present 

all the parameter information using a single format in a designated area on the video display. 

Actual AN/SLQ-32(V) operators use more than the four parameters employed in these 

experiments; making search, sorting, and comparing parameters even more complex. 

Second, the publications do not take advantage of a computer’s ability to process, search, 

and retrieve information efficiently. Searching a library that contains all known emitters 

could decrease search time. Due to the rapid rise in computer power and available storage 

capacity, the entire publication could be stored and searched on-line. An added benefit of a 

complete on-line library would be the elimination of paper publications that increase clutter 

in the workplace. 
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Third, improving the layout and integration of the library can affect the EW operator’s job. 

Computerized libraries with increased capabilities eliminate operator reliance on 

publications, allow operators to search for emitters based on a variety of parameters and 

parameter combinations, and serve as the platform for embedded training. A redesigned 

system would provide more flexibility when adding or deleting emitters from the library and 

allow changes in the library to be downloaded from satellite directly into the database. All 

ships equipped with the new system would be able to maintain a current emitter library with 

minimal effort by the operator. 

Experiment 2 examined whether the elimination of publications and the use of different 

interaction methods would improve identification times and decrease operator workload. An 

object display was developed to assist operators in recognizing differences in an emitter’s 

parameters. The information in the object display was based on the close control and library 

parameters. Color was used to link information throughout the interface. Color was extended 

from the common paradigm of icon coding to include the consistent use of color in the 

sequence list, the on-line library, and the polygon display. 

The final design of an interface requires that a single redesign be selected for production. 

Only a limited number of factors can be tested in the laboratory. User-interface guidelines, 

previous experimental evidence, military specifications, and design handbooks were used to 

justify redesign configurations. 

Objective 

The overall objective of this study was to analyze combinations of important interface 

design methods as applied to a redesign of the AN/SLQ-32(V). This objective was 

accomplished by collecting empirical performance data on the usability of specific design 

alternatives. Experiment 1 manipulated three variables considered important to future 

redesign consideration: Color, a Range display, and Icons were tested over three levels of 

emitter density. The major difference between the two versions in Experiment 2 is based on 

the premise that DMIs are easier to use but slower than CKlIs. Prior to this research, no 

studies have adequately measured the performance differences between interface styles using 

the same complex task. In Experiment 2, the interfaces were designed to take advantage of 

the benefits of either direct manipulation or command-key interaction. Emphasis in this 

experiment was placed on making each interface the most effective and efficient possible, 

given the operator’s task. Specifically, this research: 

¢ Established empirical evidence to support redesign solutions for the AN/SLQ-32(V) by 
testing the effect of color, symbol type, and display type on time to complete tasks, selec- 
tion errors, and subjective workload (Experiment 1). 

¢ Justify screen redesigns of future AN/SLQ-32(V) configurations that use unique combi- 
nations of known display formats. Existing display-size restrictions applied when test- 
ing usability with quantitative and qualitative measures of performance 
(Experiment 1). 
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¢ Validate command-based and direct-manipulation interaction styles as possible rede- 
sign solutions (Experiment 2), while addressing the common design criterion associated 
with the two interface styles. 

¢ Provided statistical evidence to support performance claims for differences between the 
designs tested in Experiment 2 and the designs tested in Experiment 1. 

¢ Analyzed design considerations for use in future redesigns of the AN/SLQ-32(V) (Exper- 
iment 2). 
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BACKGROUND FOR EXPERIMENT 1 

The creation of new display designs for the AN/SLQ-32(V) requires the consideration of 

many factors. Research on each of the these factors was reviewed to determine their 

effectiveness in redesigning the AN/SLQ-32(V). The analysis of the combination of these 

factors has not been reported. 

Configuration of ULQ-16 and the AN/SLQ-32(V) System 

The AN/SLQ-32(V) as configured in a typical CIC is shown in Figure 3. The NTDS console 

is located to the right of the AN/SLQ-32(V). The ULQ-16 and oscilloscope are positioned near 

the DCC. The oscilloscope is not always available to EW operators and is occasionally 

borrowed from the maintenance department. The experimental design assumes the ULQ-16 

is available to the operator. 

Task Analysis 

As part of the AN/SLQ-32(V) redesign effort, a task analysis was conducted by Beaton et 

al. (1991). The EW operator’s primary and secondary tasks are outlined in Table 4. 

Based on the analysis and scope of the project, a single operational task—the Integrated 

Task (IT)}—was selected for the purposes of the redesign effort for the DCC. As indicated in 

Table 4, the primary responsibilities of the EW operator include: (1) monitoring the electronic 

environment, (2) detecting changes in the environment, and (3) evaluating emitters. 

The IT encompasses all three of these activities. Moreover, the IT is the basis for all 

secondary tasks performed by the EW operator. It is important for the EW to perform the IT 

efficiently. Expert EW operators at Norfolk Naval Base reviewed the basic IT (detailed 

previously in Table 3, “The AN/SLQ-32(V) Integrated Task (IT),” page 5) for validation. The 

task tested in the Experiment 1 is similar to the actual IT. How the IT differs from the actual 

task is discussed elsewhere (see Table 9, page 32). The task in Experiment 2 was modified 

based on the results of Experiment 1 to improve the performance of operators (see “The 

Experimental Task,” page 32). The goal of the IT in Experiment 2 was maintained 

(designating emitters), but the steps for accomplishing the goal were modified to support the 

advantages of the interface designs. 

Color 

The current system uses a monochrome cathode-ray tube (CRT) with three luminance 

levels: off (pixel off), standard (pixel on), and bold (pixel double intensity). A list of emitters 

found by the AN/SLQ-32(V) passive radar system is presented to the operator in a list ordered 

by threat. This list is called the Sequence List, and it contains no color coding, iconic 

representations, or spatial connection to the emitters presented on the polar display. 

Furthermore, the bearing information presented in the sequence list does not differentiate 
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A - Shipboard Sound-Powered Phones 
B - Radar Device 
C - Oscilloscope 

™ D - Publications Holder 
E -ULQ-16 

            
Figure 3. Atypical AN/SLQ-32(V) set-up onboard ship. 

the emitter position shown on the polar display. More than one emitter can appear at the 

same bearing. In the actual system, one symbol can represent more than one emitter at the 

same location along a bearing line. 

Krebs, Wolf, and Sandvig (1978) reported that color coding is effective when a display is 

unformatted, the symbol density is high, and the operator must search for specific 

information. Although color was tested to determine whether it improves performance, the 

effectiveness of color decreases as the number of colors increase in a display (Tullis, 1983). 

The redesigned symbology uses color as a semi-redundant cue in conjunction with the 

emitter’s symbol. Kopala (1979) reported that redundant color coding significantly reduced 

both response times and error rate for recognized threats in a dense display. As Christ (1975) 

pointed out, the proper use of color coding can assist in localizing critical elements. 
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TABLE 4 
Primary and Secondary AN/SLQ-32(V) Operator Tasks 
Fea 

1. SLQ Operation and Emitter Management 

@ initiation of system 

@ prepare electronic order of battle 

@ analyze available intelligence data 

@ surveillance * 

> detect emitters * 

>» locate emitters * 

> track emitters 

@ emitter evaluation * 

> instantaneous id of high-threats * 

> auditory recognition of emitters * 

> match emitters to EOB and pubs * 

> manage emitter alerts * 

>» designating emitter identifications * 

> correlating emitters to platforms * 

@ emitter logging 

> written log 

> updating library 

2. ECM and AECM 

@ employ ECM and AECM 

@ missile counter-targeting 

@ employ MK Decoy Launching System 

> initialize BDA 

> initiate/end decoy engagement 

>» select decoy type, salvo size 

> select launcher and launcher tube 

> arm and fire each tube 

> verify launch 

>» determine reseed interval 

> coordinate launcher reloading 

>» conduct an IR engagement 

>» conduct a distraction engagement 

> conduct a chaff engagement 

3. Communication/Coordination 

@ coordinate with own force and LAMPS 

@ provide early warning to ownship 

@ respond to CIC queries 

@ coordinate with other CIC operators 

@ brief watch relief (tactical environment) 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 

Secondary 
    * Denotes Part of the Integrated Task Tested in Experiments 1 and 2     
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�g�r�a�p�h�i�c�s�,� �a�n�d� �c�o�l�o�r� �g�r�a�p�h�i�c�s�.� �T�u�l�l�i�s� �f�o�u�n�d� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �s�p�e�e�d� �w�h�e�n� �u�s�i�n�g� 

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

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

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

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

�S�L�Q�-�3�2�(�V�)� �i�n�t�e�r�f�a�c�e� �c�r�e�a�t�e�s� �a� �c�o�g�n�i�t�i�v�e� �l�i�n�k� �b�e�t�w�e�e�n� �t�h�e� �s�e�q�u�e�n�c�e� �l�i�s�t� �a�n�d� �e�m�i�t�t�e�r�s� �o�n� �t�h�e� 

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

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

�C�o�l�o�r� �a�s� �a� �R�e�d�u�n�d�a�n�t� �C�o�d�e� 

�K�o�p�a�l�a�,� �R�e�i�s�i�n�g�,� �C�a�l�h�o�u�n�,� �a�n�d� �H�e�r�r�o�n� �(�1�9�8�3�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �r�e�d�u�n�d�a�n�t� �c�o�l�o�r� �c�o�d�i�n�g� 

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

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

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

�d�e�n�s�i�t�y� �a�l�s�o� �w�a�s� �s�h�o�w�n� �b�y� �S�m�i�t�h� �a�n�d� �F�a�r�q�u�h�a�r� �(�1�9�6�5�)�,� �w�h�o� �f�o�u�n�d� �c�o�l�o�r� �c�o�d�i�n�g� �t�o� �b�e� �m�o�r�e� 

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

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

�s�t�u�d�y�,� �p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �b�y� �S�m�i�t�h� �(�1�9�6�3�)� �a�n�d� �S�m�i�t�h� �a�n�d� �T�h�o�m�a�s� �(�1�9�6�4�)� �a�l�s�o� �f�o�u�n�d� �c�o�d�i�n�g� �t�o� 

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

�R�e�s�u�l�t�s� �f�r�o�m� �S�h�o�n�t�z�,� �T�r�u�m�m�,� �a�n�d� �W�i�l�l�i�a�m�s� �(�1�9�7�1�)� �i�n�d�i�c�a�t�e� �t�h�a�t� �r�e�d�u�n�d�a�n�t� �c�o�l�o�r� �c�o�d�i�n�g� 

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

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

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

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

�e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �c�o�l�o�r�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�h�r�e�a�t� �t�y�p�e�s� �s�u�c�h� �a�s� �t�h�o�s�e� �o�n� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)�.� 

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

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

�A�N�/�S�L�Q�-�3�2�(�V�)� �D�C�C�.� �S�m�i�t�h� �a�n�d� �M�o�s�i�e�r� �(�1�9�8�4�)� �w�r�o�t�e�,�  ��d�i�s�p�l�a�y�e�d� �d�a�t�a� �s�h�o�u�l�d� �p�r�o�v�i�d�e� 

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

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

�B�A�C�K�G�R�O�U�N�D� �F�O�R� �E�X�P�E�R�I�M�E�N�T� �1� �1�3



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

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

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

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

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

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

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

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

�C�h�r�i�s�t ��s� �(�1�9�7�5�)� �s�u�r�v�e�y� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �s�u�p�p�o�r�t�s� �t�h�e� �u�s�e� �o�f� �c�o�l�o�r� �o�v�e�r� �s�i�z�e�,� �s�h�a�p�e�,� �o�r� �l�u�m�i�n�a�n�c�e� 

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

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

�t�h�e� �c�o�l�o�r� �o�f� �t�h�e� �s�y�m�b�o�l� �p�r�i�o�r� �t�o� �b�e�g�i�n�n�i�n�g� �a� �s�e�a�r�c�h�.� 
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�T�A�B�L�E� �5� 
�C�r�i�t�e�r�i�a� �F�o�r� �C�o�l�o�r� �C�o�d�i�n�g� �O�n� �V�i�s�u�a�l� �D�i�s�p�l�a�y�s� 

�C�r�i�t�e�r�i�o�n� �C�o�n�d�i�t�i�o�n�s� �o�n� �C�u�r�r�e�n�t� �D�C�C� 
�1�)� �D�i�s�p�l�a�y� �i�s� �u�n�f�o�r�m�a�t�t�e�d� �E�m�i�t�t�e�r�s� �d�o� �n�o�t� �a�p�p�e�a�r� �i�n� �a� �s�p�e�c�i�f�i�c� �l�o�c�a�t�i�o�n� 

�2�)� �S�y�m�b�o�l� �d�e�n�s�i�t�y� �i�s� �h�i�g�h� �T�h�e� �d�i�s�p�l�a�y� �c�a�n� �c�o�n�t�a�i�n� �m�o�r�e� �t�h�a�n� �1�0�0� �e�m�i�t�t�e�r�s� 

�3�)� �O�p�e�r�a�t�o�r� �m�u�s�t� �s�e�a�r�c�h� �f�o�r� �r�e�l�e�v�a�n�t� �H�o�o�k�i�n�g� �r�e�q�u�i�r�e�s� �t�h�e� �o�p�e�r�a�t�o�r� �t�o� �s�e�a�r�c�h� �f�o�r� �t�h�e� 
�i�n�f�o�r�m�a�t�i�o�n� �r�e�l�e�v�a�n�t� �e�m�i�t�t�e�r� �i�c�o�n� 
� � 

�S�y�m�b�o�l� �l�e�g�i�b�i�l�i�t�y� �c�a�n� �b�e� �d�e�g�r�a�d�e�d� �b�y� �a�m�b�i�e�n�t� 
�4�)� �S�y�m�b�o�l� �l�e�g�i�b�i�l�i�t�y� �i�s� �d�e�g�r�a�d�e�d� �l�i�g�h�t�i�n�g� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �p�o�o�r� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� 
� � � � �5�)� �C�o�l�o�r� �c�o�d�e�s� �a�r�e� �l�o�g�i�c�a�l�l�y� �r�e�l�a�t�e�d� �t�o� �t�a�s�k� �L�i�m�i�t�e�d� �b�r�i�g�h�t�n�e�s�s�,� �n�o�t� �c�o�l�o�r� �c�o�d�i�n�g� �i�s� �u�s�e�d� 

�N�o�t�e�:� �C�r�i�t�e�r�i�a� �a�d�a�p�t�e�d� �f�r�o�m� �K�r�e�b�s�,� �W�o�l�f�,� �a�n�d� �S�a�n�d�v�i�g� �(�1�9�7�8�)� 
� � � � � � � � 

�D�u�r�i�n�g� �p�e�r�i�o�d�s� �o�f� �h�i�g�h� �w�o�r�k�l�o�a�d�,� �i�t� �i�s� �n�o�t� �p�o�s�s�i�b�l�e� �f�o�r� �E�W� �o�p�e�r�a�t�o�r�s� �t�o� �e�x�a�m�i�n�e� �a�n�d� 

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

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

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

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

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

�I�n� �a� �r�e�d�e�s�i�g�n� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)�,� �o�n�l�y� �a� �f�e�w� �c�o�l�o�r�s� �a�r�e� �n�e�e�d�e�d� �t�o� �c�o�d�e� �e�m�i�t�t�e�r�s� �b�y� �t�h�r�e�a�t� 

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

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

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

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

�T�h�e� �c�u�r�r�e�n�t� �A�N�/�S�L�Q�-�3�2�(�V�)� �s�y�m�b�o�l� �s�e�t� �i�s� �a� �c�r�y�p�t�i�c� �s�e�t� �o�f� �l�i�n�e�s� �a�n�d� �d�o�t�s� �t�h�a�t� �r�e�p�r�e�s�e�n�t� 

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

�s�e�t� �t�o� �t�h�e� �e�x�i�s�t�i�n�g� �A�N�/�S�L�Q�-�3�2�(�V�)� �s�y�m�b�o�l� �s�e�t�.� �I�c�o�n�s� �a�r�e� �a� �s�u�b�s�e�t� �o�f� �s�y�m�b�o�l�s�.� �A� �s�y�m�b�o�l� �c�a�n� �b�e� 

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

�t�o� �u�n�d�e�r�s�t�a�n�d� �(�M�a�r�c�u�s�,� �1�9�9�2�)�.� �T�h�e� �c�u�r�r�e�n�t� �s�y�m�b�o�l� �s�e�t� �r�e�q�u�i�r�e�s� �t�h�e� �o�p�e�r�a�t�o�r� �t�o� �t�r�a�n�s�l�a�t�e� �t�h�e� 

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

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

�n�e�c�e�s�s�a�r�y� �t�o� �i�d�e�n�t�i�f�y� �i�t� �a�s� �a� �m�i�s�s�i�l�e� �(�B�l�a�n�k�e�n�b�e�r�g�e�r� �a�n�d� �H�a�h�n�,� �1�9�9�1�)�.� �T�h�e� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�  ��S�y�m�b�o�l�s �� �h�a�s� �t�w�o� �l�e�v�e�l�s�:� �G�e�o�m�e�t�r�i�c� �a�n�d� �N�A�T�O� �I�c�o�n�i�c�.� 

� � 

�H�o�s�t�i�l�e� �F�r�i�e�n�d�l�y� 

�M�i�s�s�i�l�e� �U�n�k�}� �A�i�r� �S�h�i�p� �L�a�n�d� �S�u�b� �A�l�t� �S�h�i�p� �L�a�n�d� �S�u�b� 

� � 

� � 

� � � � �G�e�o�m�e�t�r�i�c� 
�M�o�n�o�c�h�r�o�m�e� �r�T� 

�N�A�T�O� �i�c�o�n�i�c� �A� �_� �a� �A�b� �a� 
�M�o�n�o�c�h�r�o�m�e� �A� �e�S� �e� �=�~� �e� 
� � 

� � 
�R�e�d� �Y�e�l�l�o�w� �O�r�a�n�g�e� �G�r�e�e�n� 

�o�e� �R�o�s� �|�4�h� �o�w� �&� �a�4� �o�w� �©� �a�e� 

�N�A�T�O� 
�i�c�o�n�i�c� �C�o�l�o�r� �a� �i�d� �A�p� �-� �C�i�e� �a�e� �=� �G�s� �H�y� 
�R�e�d�u�n�d�a�n�t� � � � � � � � � 

�F�i�g�u�r�e� �4�.� �C�u�r�r�e�n�t� �A�N�/�S�L�Q�-�3�2�(�V�2�)� �g�e�o�m�e�t�r�i�c� �m�o�n�o�c�h�r�o�m�e� �s�y�m�b�o�l�s�,� �N�A�T�O� �m�o�n�o�c�h�r�o�m�e� 
�i�c�o�n�s�,� �N�A�T�O� �c�o�l�o�r� �i�c�o�n�s� �(�p�a�r�t�i�a�l�l�y� �r�e�d�u�n�d�a�n�t�)�,� �a�n�d� �N�A�T�O� �c�o�l�o�r� �i�c�o�n�s� �(�r�e�d�u�n�d�a�n�t�)�.� 
�(�S�c�a�l�e�d� �2�0�0�%�)� 

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

�a�n�d� �a�r�b�i�t�r�a�r�y�)� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �t�h�r�e�e� �d�e�s�i�g�n� �s�t�y�l�e�s� �(�T�a�b�l�e� �6�)�.� �T�h�e� �c�u�r�r�e�n�t� �A�N�/�S�L�Q�-�3�2�(�V�)� 

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

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

�t�h�e�r�e�f�o�r�e�,�  ��e�a�s�i�l�y� �t�a�u�g�h�t�,� �l�e�a�r�n�e�d�,� �a�n�d� �r�e�t�a�i�n�e�d �� �(�1�9�8�3�,� �p�.� �1�5�)�.� �T�h�e� �r�e�d�e�s�i�g�n�e�d� �i�c�o�n�s� �i�n�v�o�k�e� 

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

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

�m�e�a�n�i�n�g� �m�u�s�t� �b�e� �l�e�a�r�n�e�d� �a�n�d� �r�e�m�e�m�b�e�r�e�d� �a�n�d� �c�a�n�n�o�t� �b�e� �e�a�s�i�l�y� �i�n�f�e�r�r�e�d�.� 
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�T�A�B�L�E� �6� 
�T�h�e� �R�e�l�a�t�i�o�n�s�h�i�p� �B�e�t�w�e�e�n� �D�e�s�i�g�n� �a�n�d� �F�u�n�c�t�i�o�n� �f�o�r� �V�i�s�u�a�l� �I�m�a�g�e�s� 
� � 

� � 

� � 

� � 

�e� �e�  �� �e� 
�D�e�s�i�g�n� �F�u�n�c�t�i�o�n� �E�x�p�e�r�i�m�e�n�t� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n�a�l� �p�i�c�t�u�r�e� �r�e�v�i�s�e�d� �N�A�T�O� �i�c�o�n� �s�e�t� 

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

�a�r�b�i�t�r�a�r�y� �s�i�g�n� �N�/�A� 
�a�e� � � � � � � � � � � 

�I�n� �t�h�e� �c�u�r�r�e�n�t� �A�N�/�S�L�Q�-�3�2�(�V�)� �g�e�o�m�e�t�r�i�c� �s�y�m�b�o�l� �s�e�t�,� �a�l�l� �f�r�i�e�n�d�l�y� �e�m�i�t�t�e�r�s� �h�a�v�e� �c�u�r�v�e�d� �f�a�c�e�s� 

�(�T�O�L�E�E�S�)�.� �w�h�i�l�e� �t�h�e� �h�o�s�t�i�l�e� �e�m�i�t�t�e�r�s� �u�s�e� �a�n�g�l�e�d� �l�i�n�e�s� �(�E�E�S�.� �A�i�r�b�o�r�n�e� �e�m�i�t�t�e�r�s� �h�a�v�e� �a� 
�t�o�p� �f�a�c�e� �(�Z�a�p�)�.� �w�h�i�l�e� �s�u�b�s�u�r�f�a�c�e� �e�m�i�t�t�e�r�s� �u�s�e� �t�h�e� �l�o�w�e�r� �f�a�c�e� �(�R�D�.� �A�l�t�h�o�u�g�h� �n�o�t� 

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

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

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

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

�r�e�p�r�e�s�e�n�t�i�n�g� �w�i�n�g�s�.� �M�i�s�s�i�l�e�s� �h�a�v�e� �a� �t�o�p� �f�a�c�e� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e�  ��X �� �E�®�.� �F�u�r�t�h�e�r�m�o�r�e�,� 

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

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

�t�h�r�e�e�-�q�u�a�r�t�e�r�s� �r�e�c�t�a�n�g�l�e�s� �(�f�p�.� 

�T�h�e� �N�A�T�O� �i�c�o�n�s� �c�a�n� �b�e� �p�r�e�s�e�n�t�e�d� �i�n� �c�o�l�o�r� �o�r� �m�o�n�o�c�h�r�o�m�a�t�i�c�a�l�l�y�.� �T�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� 

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

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

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

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

�m�o�n�o�c�h�r�o�m�a�t�i�c�a�l�l�y�.� 

�T�h�e� �b�o�t�t�o�m� �s�e�t� �o�f� �i�c�o�n�s� �i�n� �F�i�g�u�r�e� �4� �s�h�o�w� �a� �r�e�d�u�n�d�a�n�t� �c�o�d�i�n�g� �s�c�h�e�m�e� �f�o�r� �d�i�s�c�r�i�m�i�n�a�t�i�n�g� 

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

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

�H�a�h�n�,� �1�9�9�1�)�.� �S�i�n�c�e� �t�h�e� �h�o�s�t�i�l�e� �i�c�o�n�s� �a�r�e� �f�i�l�l�e�d� �w�i�t�h� �a� �s�o�l�i�d� �c�o�l�o�r�,� �t�h�e�y� �a�r�e� �p�e�r�c�e�i�v�e�d� �a�s� �b�r�i�g�h�t�e�r� 

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

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

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

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

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

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

�c�o�m�p�l�e�t�e�n�e�s�s�.� 

�A� �s�t�u�d�y� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �S�T�A�N�A�G� �4�4�2�0� �R�a�t�i�f�i�c�a�t�i�o�n� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �(�S�T�A�N�A�G�,� �1�9�9�1�)� 
�i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �c�u�r�r�e�n�t� �N�T�D�S� �s�y�m�b�o�l�o�g�y�,� �N�T�D�S� �c�o�l�o�r� �s�y�m�b�o�l�s� �w�i�t�h� �t�e�x�t� �t�a�g�s�,� �N�A�T�O� �c�o�l�o�r�-� 

�f�i�l�l�e�d� �i�c�o�n�s�,� �a�n�d� �N�A�T�O� �c�o�l�o�r�-�o�u�t�l�i�n�e�d� �i�c�o�n�s� �f�o�r� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �f�o�r� �d�i�s�p�l�a�y� �s�y�m�b�o�l�o�g�y� �a�n�d� 

�B�A�C�K�G�R�O�U�N�D� �F�O�R� �E�X�P�E�R�I�M�E�N�T� �1� �1�6



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

�f�r�o�m� �a� �c�l�u�t�t�e�r�e�d� �s�c�r�e�e�n�.� �S�T�A�N�A�G� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�o�l�o�r�-�f�i�l�l�e�d� �i�c�o�n�s� �w�e�r�e� �m�o�r�e� �e�f�f�e�c�t�i�v�e� �t�h�a�n� 

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

�F�i�g�u�r�e� �5� �s�h�o�w�s� �t�h�e� �r�e�l�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �r�e�v�i�s�e�d� �s�y�m�b�o�l� �s�e�t�s� �a�n�d� �t�h�e� �N�T�D�S� �s�e�t�.� 

�T�h�e� �N�A�T�O� �S�T�A�N�A�G� �s�y�m�b�o�l�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �N�T�D�S� �s�y�m�b�o�l�s� 

�(�p� �<� �0�.�0�1�)� �a�n�d� �t�h�e� �N�A�T�O� �o�u�t�l�i�n�e� �s�y�m�b�o�l�s� �(�p� �<� �0�.�0�5�)�.� �T�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �S�T�A�N�A�G� �s�h�o�w�e�d� �t�h�e� 

�N�A�T�O� �c�o�l�o�r�-�f�i�l�l�e�d� �s�y�m�b�o�l�s� �a�r�e� �l�e�a�r�n�e�d� �e�a�s�i�l�y� �a�n�d� �p�r�e�f�e�r�r�e�d� �o�v�e�r� �t�h�e� �o�t�h�e�r� �s�y�m�b�o�l� �s�e�t�s�.� 
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�N�I�D�S� �S�t�d� �N�T�D�S� �E�q�u�a�t�e�d� �N�A�T�O� �O�u�t�l�i�n�e� �N�A�T�O� �S�T�A�N�A�G� 
�S�y�m�b�o�l� �S�e�t� 

�F�i�g�u�r�e� �5�.� �M�e�a�n� �t�i�m�e� �t�o� �f�i�r�s�t� �c�o�r�r�e�c�t� �h�o�o�k� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �s�y�m�b�o�l� �s�e�t� �f�o�r� �t�h�e� �s�y�m�b�o�l� 
�r�e�c�o�g�n�i�t�i�o�n� �t�a�s�k�.� �A�d�a�p�t�e�d� �f�r�o�m� �S�T�A�N�A�G� �(�1�9�9�1�)�.� �E�r�r�o�r� �b�a�r�s� �s�h�o�w� �9�5� �p�e�r�c�e�n�t� 
�c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� �f�o�r� �e�a�c�h� �c�o�n�d�i�t�i�o�n�.� 

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

�R�e�d�u�c�i�n�g� �e�r�r�o�r�s� �a�l�s�o� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �p�a�r�t� �o�f� �t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s�.� �I�n� �t�h�e� �S�T�A�N�A�G� �s�t�u�d�y�,� 

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

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

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

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

�t�h�e� �S�T�A�N�A�G� �s�t�u�d�y� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�t�e�r� �t�h�a�n� �s�t�a�n�d�a�r�d� �N�T�D�S� �i�c�o�n�s� �(�F�i�g�u�r�e� �7�)�.� 

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

�2�.�  ��L�o�w �� �d�e�n�s�i�t�y� �i�s� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �d�e�n�s�i�t�y� �v�a�r�i�a�b�l�e� �m�a�n�i�p�u�l�a�t�e�d� �i�n� �E�x�p�e�r�i�m�e�n�t�s� �1� �a�n�d� �2�.� 
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�M�e�a�n� �8�2�5 �� 
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�W�I�V� � � � � � � � � � � � � � � � � � � � � � � � �N�I�D�S� �E�q�u�a�t�e�d� �N�A�T�O� �O�u�t�l�i�n�e� �N�A�T�O� �S�T�A�N�A�G� 
�S�y�m�b�o�l� �S�e�t� 

�F�i�g�u�r�e� �6�.� �M�e�a�n� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�o�r�r�e�c�t� �h�o�o�k�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �s�y�m�b�o�l� �s�e�t� �f�o�r� �t�h�e� �s�y�m�b�o�l� 
�r�e�c�o�g�n�i�t�i�o�n� �t�a�s�k�.� �A�d�a�p�t�e�d� �f�r�o�m� �S�T�A�N�T�A�G� �(�1�9�9�1�)�.� �E�r�r�o�r� �b�a�r�s� �s�h�o�w� �9�5� �p�e�r�c�e�n�t� 
�c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� �f�o�r� �e�a�c�h� �c�o�n�d�i�t�i�o�n�.� 

�N�T�D�S� �S�t�d� 

�A�l�t�h�o�u�g�h� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �f�a�m�i�l�i�a�r� �w�i�t�h� �t�h�e� �N�T�D�S� �i�c�o�n�s� �(�p�a�r�t�i�c�i�p�a�n�t�s� �h�a�d� �N�T�D�S� �o�r� �o�t�h�e�r� 

�E�W� �e�x�p�e�r�i�e�n�c�e�)�,� �t�h�e�y� �h�a�d� �o�n�l�y� �b�r�i�e�f� �t�r�a�i�n�i�n�g� �s�e�s�s�i�o�n�s� �w�i�t�h� �t�h�e� �N�A�T�O� �s�y�m�b�o�l�o�g�y�.� �T�h�e�r�e�f�o�r�e�,� 

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

�N�A�T�O� �S�T�A�N�A�G� �s�y�m�b�o�l�o�g�y� �a�s� �e�a�s�i�e�r� �t�o� �u�s�e� �t�h�a�n� �t�h�e� �N�T�D�S� �S�t�a�n�d�a�r�d� �g�r�o�u�p�.� 

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

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

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

�s�u�b�s�u�r�f�a�c�e� �c�r�a�f�t� �(�t�h�e� �s�y�m�b�o�l�s� �a�r�e� �s�i�m�i�l�a�r� �e�x�c�e�p�t� �f�o�r� �a� �1�8�0�-�d�e�g�r�e�e� �r�o�t�a�t�i�o�n� �a�n�d� �t�h�e� �l�i�n�e�s� �o�n� �t�h�e� 

�a�i�r�c�r�a�f�t�)�.� �T�w�o� �u�n�k�n�o�w�n�s� �w�i�t�h� �s�i�m�i�l�a�r� �b�e�a�r�i�n�g� �b�u�t� �o�r�i�e�n�t�e�d� �t�o� �r�e�f�l�e�c�t� �h�e�a�d�i�n�g�s� �o�f� �9�0� �a�n�d� �1�8�0� 

�d�e�g�r�e�e�s� �w�o�u�l�d� �a�p�p�e�a�r� �o�n� �t�h�e� �d�i�s�p�l�a�y� �a�s� �s�i�m�i�l�a�r� �t�o� �a� �h�o�s�t�i�l�e� �s�h�i�p� �o�r�i�e�n�t�e�d� �w�i�t�h� �a� �h�e�a�d�i�n�g� �o�f� �9�0� 

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

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

�u�n�i�d�i�r�e�c�t�i�o�n�a�l�i�t�y� �o�f� �t�h�e� �g�e�o�m�e�t�r�i�c� �s�y�m�b�o�l� �s�e�t�.� �S�T�A�N�A�G� �(�1�9�9�1�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �E�W� �o�p�e�r�a�t�o�r�s� �o�f� 

�t�h�e� �N�T�D�S� �s�y�s�t�e�m� �w�e�r�e� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �d�i�r�e�c�t�i�o�n�a�l�i�t�y� �o�f� �t�h�e� �e�m�i�t�t�e�r�s�.� �T�h�e� �N�A�T�O� �i�c�o�n�s� �a�r�e� 

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

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

�D�e�c�k�e�r�,� �L�l�o�y�d�,� �K�u�r�o�k�a�w�a�,� �a�n�d� �S�n�y�d�e�r� �(�1�9�9�1�)� �f�o�u�n�d� �t�h�a�t� �o�r�i�e�n�t�a�t�i�o�n� �d�o�e�s� �a�f�f�e�c�t� �s�e�a�r�c�h� 

�t�i�m�e� �f�o�r� �s�y�m�b�o�l�s� �o�n� �a� �d�i�s�p�l�a�y�.� �T�h�e�y� �t�e�s�t�e�d� �6�2� �s�y�m�b�o�l�s� �a�n�d� �a�l�p�h�a�n�u�m�e�r�i�c�s�.� �A�s� �t�h�e� �s�i�z�e� �o�f� 

�o�b�j�e�c�t�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �7� �x� �9� �t�o� �9� �x� �1�1�,� �o�r� �e�v�e�n� �t�o� �a� �1�1� �x� �1�5� �d�o�t� �m�a�t�r�i�x�,� �s�e�a�r�c�h� �t�i�m�e�s� �w�e�r�e� 

�r�e�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�r�o�m� �8�.�3�9� �t�o� �5�.�3�7� �s�e�c�o�n�d�s� �(�p� �<� �0�.�0�5�)�.� �T�h�i�s� �t�y�p�e� �o�f� �p�e�r�f�o�r�m�a�n�c�e� 
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�2�5�.�0�0�  �� �Y�O�A�B�I�)� �2�5�.�0�0� 
�_� �T�i�m�e� �t�o� �F�i�r�s�t� �C�o�r�r�e�c�t� �H�o�o�k� �Y�W�,� 

�f�t� �£�£�]� �P�e�r�c�e�n�t� �C�o�r�r�e�c�t� �H�o�o�k�s� 
�P�e�r�c�e�n�t� �2�9�.�0�0�]� �Y�j� �-�-�2�0�.�0�0� 
�I�m�p�r�o�v�e�m�e�n�t� �-� �|� �Y� �T�i�m�e� �t�o� 

�R�e�l�a�t�i�v�e� �4� �e�e� �Y� �\�L�i�s�o�o� �F�i�r�s�t� 
�t�o� �N�T�D�S� �=� �1�5�.�0�0 �� �Y� �C�o�r�r�e�c�t� 
�S�t�a�n�d�a�r�d� �7�"� �7� �H�o�o�k� �(�s�)� 
�C�o�n�d�i�t�i�o�n� �1�9�,�0�0� �Y�y� �Y� �1�0�.�0�0� 

�1� �G�G�G� �0�.�0�0� �S�p� �W�f� �W�f� �S� �0�.�0�0� � � � � � � � � � � 

�N�I�D�S� �S�t�d� �N�T�D�S�E�q�u�a�t�e�d� �N�A�T�O� �O�u�t�l�i�n�e� �N�A�T�O� �S�T�A�N�A�G� 
�S�y�m�b�o�l� �S�e�t� 

�F�i�g�u�r�e� �7�.� �P�e�r�c�e�n�t�a�g�e� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �o�v�e�r� �N�T�D�S�-�s�t�a�n�d�a�r�d� �i�c�o�n�s� �a�s� �a� �f�u�n�c�t�i�o�n� 
�o�f� �s�y�m�b�o�l� �s�e�t� �f�o�r� �t�h�e� �s�y�m�b�o�l� �r�e�c�o�g�n�i�t�i�o�n� �t�a�s�k�.� �A�d�a�p�t�e�d� �f�r�o�m� �S�T�A�N�T�A�G� �(�1�9�9�1�)�.� 
�E�r�r�o�r� �b�a�r�s� �s�h�o�w� �p�l�u�s� �a�n�d� �m�i�n�u�s� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� �f�o�r� �e�a�c�h� 
�c�o�n�d�i�t�i�o�n�.� 

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

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

�b�e�a�r�i�n�g�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �s�e�a�r�c�h� �t�i�m�e�s� �s�h�o�w�n� �b�y� �D�e�c�k�e�r� �e�t� �a�l�.� �(�1�9�9�1�)� �m�a�y� �b�e� �l�e�s�s� 

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

�a�s� �a�n� �i�m�p�o�r�t�a�n�t� �v�i�s�u�a�l� �c�u�e� �a�n�d� �i�s� �b�e�y�o�n�d� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �b�u�t� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� 
�i�n� �a� �r�e�d�e�s�i�g�n� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)�.� �S�i�m�i�l�a�r� �t�r�a�d�e�o�f�f�s� �c�o�n�c�e�r�n�i�n�g� �r�o�t�a�t�i�n�g� �i�c�o�n�s� �t�o� �r�e�p�r�e�s�e�n�t� 

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

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

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

�B�l�a�c�k�w�e�l�l� �a�n�d� �C�u�o�m�o� �(�1�9�9�1�)� �t�e�s�t�e�d� �a�n� �i�c�o�n� �s�e�t� �s�i�m�i�l�a�r� �t�o� �t�h�e� �N�A�T�O� �i�c�o�n�s� �t�e�s�t�e�d� �i�n� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �(�F�i�g�u�r�e� �4�,� �p�a�g�e� �1�5�)�.� �T�h�e�y� �r�e�p�o�r�t�e�d� �r�e�d�u�c�e�d� �e�r�r�o�r� �r�a�t�e�s� �a�n�d� �s�e�a�r�c�h� �t�i�m�e�s� �f�o�r� �t�h�e� �i�c�o�n�s� 

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

�A�s�s�e�s�s�m�e�n�t� �s�y�s�t�e�m�s� �(�S�I�O�-�S�T�D�-�2�1�0�0�A�)�.� �B�l�a�c�k�w�e�l�l� �a�n�d� �C�u�o�m�o� �s�i�m�p�l�i�f�i�e�d� �s�h�a�p�e�s�,� �s�h�a�d�e�d� 

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

�(�t�o� �s�e�a�r�c�h� �a�n�d� �s�e�l�e�c�t� �w�i�t�h� �a� �m�o�u�s�e�)� �f�o�r� �f�i�l�l�e�d� �i�c�o�n�s� �w�a�s� �7�.�6�4� �s�e�c�o�n�d�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �8�.�0�9� 

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

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

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

�o�v�e�r� �t�h�e� �o�r�i�g�i�n�a�l� �s�e�t�.� 

�B�A�C�K�G�R�O�U�N�D� �F�O�R� �E�X�P�E�R�I�M�E�N�T� �1� �1�9



�B�l�a�c�k�w�e�l�l� �a�n�d� �C�u�o�m�o� �s�p�e�c�i�f�i�e�d� �a� �m�i�n�i�m�u�m� �s�i�z�e� �o�f� �4�0� �a�r�c�m�i�n�u�t�e�s� �f�o�r� �r�e�v�i�s�e�d� �s�y�m�b�o�l� 

�s�t�a�n�d�a�r�d�s�.� �E�m�i�t�t�e�r�s� �w�i�t�h� �a� �h�e�i�g�h�t� �o�f� �3�0� �a�n�d� �4�0� �a�r�c�m�i�n�u�t�e�s� �w�e�r�e� �t�e�s�t�e�d�.�-�I�c�o�n� �s�e�l�e�c�t�i�o�n� �w�a�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �f�a�s�t�e�r� �f�o�r� �t�h�e� �l�a�r�g�e�r� �s�y�m�b�o�l� �s�e�t� �(�7�.�4� �v�e�r�s�u�s� �8�.�3� �s�e�c�o�n�d�s�)�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �r�e�s�u�l�t� 

�d�o�e�s� �n�o�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �t�r�a�d�e�o�f�f� �b�e�t�w�e�e�n� �s�i�z�e� �a�n�d� �s�e�a�r�c�h� �t�i�m�e�.� �I�f� �B�l�a�c�k�w�e�l�l� �a�n�d� �C�u�o�m�o� �u�s�e�d� 

�t�a�r�g�e�t�s� �w�i�t�h� �a� �h�e�i�g�h�t� �o�f� �5� �a�r�c�d�e�g�r�e�e�s�,� �F�i�t�t�s �� �L�a�w� �(�C�a�r�d�,� �M�o�r�a�n�,� �a�n�d� �N�e�w�e�l�l�,� �1�9�8�3�)� �w�o�u�l�d� 

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

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

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

�T�h�e� �c�o�n�t�r�o�l�/�d�i�s�p�l�a�y� �(�C�/�D�)� �r�a�t�i�o� �o�f� �t�h�e� �i�n�p�u�t� �d�e�v�i�c�e� �a�l�s�o� �h�a�s� �a�n� �e�f�f�e�c�t� �o�n� �s�e�l�e�c�t�i�o�n� �t�i�m�e�s�.� 

�I�n�c�r�e�a�s�i�n�g� �t�h�e� �C�/�D� �r�a�t�i�o� �m�i�g�h�t� �d�e�c�r�e�a�s�e� �t�h�e� �r�e�l�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �t�a�r�g�e�t� �s�i�z�e�s�.� 

�S�i�n�c�e� �F�i�t�t�s �� �L�a�w� �i�s� �b�a�s�e�d� �o�n� �a� �l�o�g�a�r�i�t�h�m�i�c� �s�c�a�l�e�,� �t�h�e� �1�0�%� �d�i�f�f�e�r�e�n�c�e� �i�n� �s�e�l�e�c�t�i�o�n� �t�i�m�e�s� �f�o�u�n�d� �b�y� 

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

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

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

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

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

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

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

�u�s�e�d� �t�o� �j�u�s�t�i�f�y� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �s�y�m�b�o�l�s� �r�e�q�u�i�r�e� �m�o�r�e� �o�p�e�r�a�t�o�r� �i�n�f�o�r�m�a�t�i�o�n� 

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

�B�a�r�n�a�r�d� �a�n�d� �M�a�r�c�e�l�]� �(�1�9�8�4�)� �a�n�d� �S�m�i�t�h�,� �I�r�b�y�,� �K�i�m�b�a�l�l�,� �a�n�d� �V�e�r�p�l�a�n�k� �(�1�9�8�2�)� �s�u�p�p�o�r�t�e�d� 

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

�P�i�c�t�o�g�r�a�p�h�i�c� �s�y�m�b�o�l�s�,� �s�u�c�h� �a�s� �t�h�e� �N�A�T�O� �i�c�o�n�s� �s�h�o�w�n� �p�r�e�v�i�o�u�s�l�y�,� �c�o�u�l�d� �b�e� �u�s�e�d� �o�n� �t�h�e� 

�A�N�/�S�L�Q�-�3�2�(�V�)� �i�n� �b�o�t�h� �t�h�e� �s�e�q�u�e�n�c�e� �l�i�s�t� �a�n�d� �t�h�e� �l�i�b�r�a�r�y� �(�F�i�g�u�r�e� �4�,� �p�a�g�e� �1�5�)�.� �I�n� �t�h�i�s� �m�a�n�n�e�r�,� 

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

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

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

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

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

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

�a�m�o�u�n�t� �o�f� �r�e�d�u�n�d�a�n�t� �d�a�t�a�.� �F�r�o�m� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �A�N�/�S�L�Q�-�3�2�(�V�)� �s�y�s�t�e�m� �o�p�e�r�a�t�o�r�s�,� �i�t� �a�p�p�e�a�r�s� 

�t�h�a�t� �o�p�e�r�a�t�o�r�s� �t�a�l�k� �i�n� �t�e�r�m�s� �o�f�  ��m�i�s�s�i�l�e�s� �b�e�a�r�i�n�g� �3�0� �d�e�g�r�e�e�s�, �� �n�o�t� �o�f�  ��t�h�r�e�a�t� �l�e�v�e�l� �o�n�e� �b�e�a�r�i�n�g� 

�3�0� �d�e�g�r�e�e�s�. �� 

�P�o�l�a�r� �v�e�r�s�u�s� �R�a�n�g�e� 

�R�e�p�l�a�c�i�n�g� �t�h�e� �p�o�l�a�r� �d�i�s�p�l�a�y� �w�i�t�h� �a� �r�a�n�g�e� �(�G�e�o�S�i�t�)� �d�i�s�p�l�a�y� �i�s� �w�a�r�r�a�n�t�e�d� �b�e�c�a�u�s�e� �i�t� �i�s� �a� 

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

�p�o�l�a�r� �d�i�s�p�l�a�y�,� �r�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�c�q�u�i�r�e�d� �f�r�o�m� �N�T�D�S� �o�r� �o�t�h�e�r� �E�W� �o�p�e�r�a�t�o�r�s�.� �T�h�e� �G�e�o�S�i�t� 

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

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

�B�A�C�K�G�R�O�U�N�D� �F�O�R� �E�X�P�E�R�I�M�E�N�T� �1� �2�0



�F�i�g�u�r�e� �8� �s�h�o�w�s� �t�h�e� �c�u�r�r�e�n�t� �p�o�l�a�r� �d�i�s�p�l�a�y� �(�t�o�p�)�.� �N�o�t�e� �t�h�e� �t�h�r�e�e� �r�e�g�i�o�n�s� �f�o�r� �f�r�i�e�n�d�l�y� �(�c�e�n�t�e�r� 

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

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

�d�i�s�p�l�a�y� �(�b�o�t�t�o�m�)�.� �N�o�t�e� �t�h�e� �c�o�n�c�e�n�t�r�i�c� �r�i�n�g�s� �l�a�b�e�l�e�d� �f�r�o�m� �1�0� �t�o� �5�0�,� �i�n�d�i�c�a�t�i�n�g� �n�a�u�t�i�c�a�l� �m�i�l�e�s�.� 

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

�D�e�t�a�i�l�s� �o�f� �t�h�e� �s�c�r�e�e�n� �l�a�y�o�u�t� �a�r�e� �d�i�s�c�u�s�s�e�d� �e�l�s�e�w�h�e�r�e� �(�F�i�g�u�r�e� �1�0�,� �p�a�g�e� �2�5�)�.� �T�h�e� �a�b�s�e�n�c�e� �o�f� �t�h�e� 

�2�7�0�°� �m�a�r�k� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �d�i�s�p�l�a�y� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)�.� �S�c�r�e�e�n� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �f�o�r� �e�a�c�h� 

�o�f� �t�h�e� �P�o�l�a�r� �a�n�d� �R�a�n�g�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �A�P�P�E�N�D�I�X� �A�:� �S�C�R�E�E�N� �D�I�S�P�L�A�Y�S�,� 

�p�a�g�e� �1�2�7�.� 

�A� �r�a�n�g�e� �d�i�s�p�l�a�y� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �o�t�h�e�r� �d�i�s�p�l�a�y� �s�y�s�t�e�m�s� �i�n� �t�h�e� �C�I�C�,� �s�u�c�h� �a�s� �t�h�e� �N�T�D�S�.� 

�T�h�u�s�,� �b�y� �u�s�i�n�g� �a� �r�a�n�g�e� �d�i�s�p�l�a�y�,� �c�o�m�p�a�t�i�b�i�l�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �a�n�d� �o�t�h�e�r� �C�I�C� 

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

�c�h�a�n�g�e�s� �b�e�i�n�g� �c�o�n�s�i�d�e�r�e�d� �b�y� �t�h�e� �N�a�v�y� �m�i�g�h�t� �e�l�i�m�i�n�a�t�e� �o�t�h�e�r� �E�W� �c�o�n�s�o�l�e�s� �f�r�o�m� �t�h�e� �C�I�C�.� 

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

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

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

�b�a�s�e�d� �o�n� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �o�w�n�-�s�h�i�p� �a�n�d� �t�h�e� �e�m�i�t�t�e�r�.� �A�s�y�m�b�o�l� �1� �i�n�c�h� �f�r�o�m� �t�h�e� �c�e�n�t�e�r� 

�o�f� �t�h�e� �p�o�l�a�r� �d�i�s�p�l�a�y� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �c�l�o�s�e�r� �t�o� �t�h�e� �s�h�i�p� �t�h�a�n� �a� �m�i�s�s�i�l�e� �3� �i�n�c�h�e�s� �f�r�o�m� �t�h�e� �c�e�n�t�e�r� 

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

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

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

�B�A�C�K�G�R�O�U�N�D� �F�O�R� �E�X�P�E�R�I�M�E�N�T� �1� �2�1
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�E�X�P�E�R�I�M�E�N�T� �1� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

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

�o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �b�y� �e�x�a�m�i�n�i�n�g� �t�h�e� �u�s�e� �o�f� �c�o�l�o�r�,� �a� �s�e�t� �o�f� �r�e�v�i�s�e�d� �i�c�o�n�s�,� �a�n�d� �d�i�f�f�e�r�e�n�t� �d�i�s�p�l�a�y� 

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

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

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

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

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

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

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

�M�e�t�h�o�d� 

�P�a�r�t�i�c�i�p�a�n�t�s� 

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

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

�w�e�r�e� �r�e�c�r�u�i�t�e�d� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�2� �h�o�u�r�s� �s�p�r�e�a�d� �o�v�e�r� �a� �1�0�-�d�a�y� �p�e�r�i�o�d�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� 

�p�a�i�d� �$�1�0�.�0�0� �a�t� �t�h�e� �e�n�d� �o�f� �e�a�c�h� �d�a�y�,� �w�i�t�h� �a�d�d�i�t�i�o�n�a�l� �$�5�0�.�0�0� �i�n�c�e�n�t�i�v�e�s� �f�o�r� �c�o�m�p�l�e�t�i�n�g� �t�h�e� �e�n�t�i�r�e� 

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

�i�n�d�i�v�i�d�u�a�l�s�.� 

�T�h�e� �1�2� �p�a�r�t�i�c�i�p�a�n�t�s� �v�o�l�u�n�t�e�e�r�e�d� �f�o�r� �t�h�e� �s�t�u�d�y�.� �E�a�c�h� �p�a�r�t�i�c�i�p�a�n�t� �s�p�o�k�e� �f�l�u�e�n�t� �E�n�g�l�i�s�h� �a�n�d� 

�g�a�v�e� �i�n�f�o�r�m�e�d� �c�o�n�s�e�n�t� �(�A�P�P�E�N�D�I�X� �C�:� �I�N�F�O�R�M�E�D� �C�O�N�S�E�N�T� �F�O�R�M�,� �p�a�g�e� �1�4�0�)�.� 

�P�a�r�t�i�c�i�p�a�n�t�s� �r�e�p�o�r�t�e�d� �h�o�u�r�s� �o�f� �c�o�m�p�u�t�e�r� �u�s�a�g�e� �p�e�r� �w�e�e�k� �r�a�n�g�i�n�g� �f�r�o�m�  ��0� �t�o� �4 �� �t�o�  ��M�o�r�e� �t�h�a�n� 
�2�8�, �� �w�i�t�h� �a� �m�e�a�n� �o�f� �1�8� �h�o�u�r�s� �p�e�r� �w�e�e�k�.� �O�n�e� �p�a�r�t�i�c�i�p�a�n�t� �r�e�g�a�r�d�e�d� �h�i�s� �t�y�p�i�n�g� �e�x�p�e�r�i�e�n�c�e� �a�s� 

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

�t�o�u�c�h� �t�y�p�i�s�t�s�,� �a�n�d� �f�o�u�r� �w�e�r�e� �f�a�s�t� �t�o�u�c�h� �t�y�p�i�s�t�s�.� �T�h�e� �a�g�e� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �r�a�n�g�e�d� �f�r�o�m� �2�1� �t�o� �3�2� 

�y�e�a�r�s�,� �w�i�t�h� �a� �m�e�a�n� �a�g�e� �o�f� �2�5� �y�e�a�r�s�.� 

�A�p�p�a�r�a�t�u�s� �a�n�d� �E�q�u�i�o�m�e�n�t� 

�T�h�e� �c�o�m�p�u�t�e�r� �u�s�e�d� �t�o� �c�r�e�a�t�e� �a�n�d� �t�e�s�t� �t�h�e� �p�r�o�t�o�t�y�p�e�s� �A�N�/�S�L�Q�-�3�2�(�V�)� �d�i�s�p�l�a�y� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� 

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

�A�N�/�S�L�Q�-�3�2�(�V�)� �d�i�s�p�l�a�y� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �A�l�d�u�s� �S�u�p�e�r�C�a�r�d�.� �H�o�o�k�i�n�g� �e�r�r�o�r�s�,� �t�a�s�k� 

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

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

�C�o�n�f�i�g�u�r�a�t�i�o�n�s� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �a�n�d� �a�u�x�i�l�i�a�r�y� �e�q�u�i�p�m�e�n�t� �v�a�r�y� �f�r�o�m� �s�h�i�p� �t�o� �s�h�i�p�.� �A� 

�c�o�m�m�o�n� �l�a�y�o�u�t� �w�a�s� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r� �(�F�i�g�u�r�e� �3�,� �p�a�g�e� �1�1�)�.� �A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �a� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� 

�s�t�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �9�.� �T�h�e� �c�o�m�p�u�t�e�r� �w�a�s� �c�o�n�f�i�g�u�r�e�d� �w�i�t�h� �a� �1�3�-�i�n�c�h�,� �8�-�b�i�t� �c�o�l�o�r� �m�o�n�i�t�o�r� 

�(�6�4�0� �b�y� �4�8�0� �a�d�d�r�e�s�s�a�b�i�l�i�t�y�)�,� �S�y�s�t�e�m� �7�.�0�.�1�,� �a�n�d� �8� �m�e�g�a�b�y�t�e�s� �o�f� �R�A�M� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s�.� �T�h�e� 
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�F�a�s�t� �A�c�t�i�o�n� �B�u�t�t�o�n�s� �(�F�A�B�s�)� �a�n�d� �k�e�y�b�o�a�r�d� �w�e�r�e� �s�i�m�u�l�a�t�e�d� �w�i�t�h� �a� �M�a�c�i�n�t�o�s�h� �E�x�t�e�n�d�e�d� 

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

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

�p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �r�i�g�h�t�-�h�a�n�d�e�d�.� �T�h�e� �U�L�-�1�6� �w�a�s� �s�i�m�u�l�a�t�e�d� �o�n� �t�h�e� �C�R�T� �m�o�n�i�t�o�r�.� 
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� � � �B�o�t�t�o�m� �o�f� �s�c�r�e�e�n� 
�e�l�e�v�a�t�e�d� �2�0� �c�m� � � � 

� � � � � � � � 
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�A� �C�R�T� �M�o�n�i�t�o�r� �D� �M�o�u�s�e� �P�a�d� �G� �H�e�a�d�s�e�t� �C�o�r�d� 
�B� �E�x�t�e�n�d�e�d� �K�e�y�b�o�a�r�d�|� �E� �M�a�c�i�n�t�o�s�h� �F�X� �|�H� �H�e�a�d�s�e�t� 
�C� �M�o�u�s�e� �F� �P�u�b�l�i�c�a�t�i�o�n�s� �I� �O�p�e�r�a�t�o�r� � � � � � � � � � � 

�F�i�g�u�r�e� �9�.� �L�a�y�o�u�t� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�t�o�t�y�p�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �s�t�a�t�i�o�n�.� 

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

�i�n� �t�h�e� �Q�W�E�R�T�Y� �p�o�r�t�i�o�n� �o�f� �t�h�e� �k�e�y�b�o�a�r�d� �j�u�s�t� �a�s� �E�W�s� �u�s�e� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �F�A�B�s�.� �T�o� 

�d�e�s�i�g�n�a�t�e� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a�n� �e�m�i�t�t�e�r� �a�n�d� �t�o� �l�i�s�t�e�n� �t�o� �a�n� �e�m�i�t�t�e�r ��s� �s�c�a�n� �t�y�p�e�,� �t�h�e� �F�5� �a�n�d� �F�8� 

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

�I�D�. �� �T�h�e� �F�8� �k�e�y� �w�a�s� �c�o�v�e�r�e�d� �w�i�t�h� �a� �k�e�y� �c�a�p� �l�a�b�e�l�e�d�  ��S�i�g� �S�e�l �� �f�o�r� �S�i�g�n�a�l� �S�e�l�e�c�t�.� 

�O�n�e� �w�o�r�k�s�t�a�t�i�o�n� �w�a�s� �i�n� �a� �s�m�a�l�l� �r�o�o�m� �(�2� �b�y� �2�.�5� �m�e�t�e�r�s�)� �w�i�t�h� �g�r�a�y� �w�a�l�l�s� �(�t�o� �m�a�t�c�h� �t�h�e� �c�o�l�o�r� 

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

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

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

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

�i�l�l�u�m�i�n�a�n�c�e� �w�a�s� �m�a�t�c�h�e�d� �b�e�t�w�e�e�n� �t�h�e� �r�o�o�m�s� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �4�6� �l�u�x�)�.� �B�o�t�h� �d�i�s�p�l�a�y�s� �w�e�r�e� 

�c�a�l�i�b�r�a�t�e�d� �s�u�c�h� �t�h�a�t� �t�h�e� �s�p�a�c�e�-�a�v�e�r�a�g�e�d� �l�u�m�i�n�a�n�c�e� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�1�.�8� �c�d�/�m�?�.� 
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�A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�c�r�e�e�n� �d�i�s�p�l�a�y� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �1�0�.� �O�p�e�r�a�t�o�r�s� �w�e�r�e� �p�r�e�v�e�n�t�e�d� �f�r�o�m� 

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

�(�b�a�l�l�)� �c�u�r�s�o�r�,� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �f�o�u�n�d� �o�n� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)�,� �w�a�s� �u�s�e�d�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�o�r�e� 

�h�e�a�d�s�e�t�s� �(�R�e�a�l�i�s�t�i�c� �N�o�v�a� �4�0�)� �t�o� �h�e�a�r� �s�c�a�n� �t�y�p�e�s� �o�f� �e�m�i�t�t�e�r�s� �a�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� 
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�/� �B�R�G�N�A�M�E� �T�L� 
�1�3�5� �C�I�U�X� �7� 
�2�4�5� �R�T�V�U� �6� 
�0�8�0� �X�Y�A�B� �0� 
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�B�R�G�:� �1�3�5� �H�O�S� �M�S�L� 
�F�R�Q�:� �0�2�2�5�0� �0�2�3�5�0� 

�C� �P�R�F�:� �0�4�0�5�0� �0�4�1�5�0� 
�S�C�N�:� �1�4�1�5�0� �1�4�2�5�0� �C�O� 
�E�F�X�:� �1�3�5� 
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�D�i�s�p�l�a�y� �I�t�e�m� �F�u�n�c�t�i�o�n� 
� � 

�T�h�r�e�a�t� �s�u�m�m�a�r�y� �l�i�s�t� �L�i�s�t�s� �a�l�l� �d�e�t�e�c�t�e�d� �e�m�i�t�t�e�r�s� 
� � 

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

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

�P�o�l�a�r� �(�o�r� �R�a�n�g�e�)� �e�m�i�t�t�e�r� �d�i�s�p�l�a�y� �P�r�i�m�a�r�y� �d�i�s�p�l�a�y�;� �S�h�o�w�s� �e�m�i�t�t�e�r�s� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �s�h�i�p� 
� � 

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

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

�B�e�a�r�i�n�g� �v�a�l�u�e�s� �S�h�o�w�s� �b�e�a�r�i�n�g� �l�i�n�e�s� �t�o� �h�e�l�p� �l�o�c�a�t�e� �e�m�i�t�t�e�r�s� 
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� � � � �D�e�s�i�g�n�a�t�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�n�p�u�t� �f�i�e�l�d� � � �E�n�t�r�y� �w�i�n�d�o�w� �f�o�r� �E�F�X� �n�u�m�b�e�r� � � � � � � �a�e� 

�F�i�g�u�r�e� �1�0�.� �T�h�e� �s�c�r�e�e�n� �d�i�s�p�l�a�y� �o�f� �t�h�e� �P�r�o�t�o�t�y�p�e� �A�N�/�S�L�Q�-�3�2�(�V�)�.� 

�I�n�s�t�e�a�d� �o�f� �u�s�i�n�g� �a� �s�e�p�a�r�a�t�e� �d�i�s�p�l�a�y� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �U�L�Q�-�1�6� �f�r�e�q�u�e�n�c�y� �s�p�e�c�t�r�u�m� �a�n�a�l�y�z�e�r�,� 

�t�h�e� �o�p�e�r�a�t�o�r� �w�a�s� �p�r�e�s�e�n�t�e�d� �w�i�t�h� �t�h�e� �U�L�Q�-�1�6� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �m�o�n�i�t�o�r� �w�h�e�n� 

�t�h�e�  ��S�i�g� �S�e�l �� �k�e�y� �w�a�s� �p�r�e�s�s�e�d�.� �T�h�e� �U�L�Q�-�1�6� �d�i�s�p�l�a�y� �p�a�r�t�i�a�l�l�y� �c�o�v�e�r�e�d� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� 

�p�r�e�s�e�n�t�e�d� �o�n� �t�h�e� �s�c�r�e�e�n� �i�n� �E�x�p�e�r�i�m�e�n�t� �1� �(�F�i�g�u�r�e� �1�1�)�.� �T�h�e� �o�p�e�r�a�t�o�r� �t�u�r�n�e�d� �o�f�f� �t�h�e� �U�L�Q�-�1�6� �b�y� 

�p�r�e�s�s�i�n�g� �t�h�e� �S�h�i�f�t� �k�e�y�.� �T�h�e� �U�L�Q�-�1�6� �i�s� �s�h�o�w�n� �i�n� �t�h�e� �g�r�a�p�h�i�c� �o�f� �t�h�e� �R�a�n�g�e�/�N�A�T�O� �i�c�o�n�s�/�C�o�l�o�r� 

�d�i�s�p�l�a�y� �(�F�i�g�u�r�e� �6�4�,� �p�a�g�e� �1�3�5�)�.� 
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�B�R�G�:� �1�3�5� �E�a� 
�F�R�Q�:� �0�2�2�5�¢�a�e� 
�P�R�F�:� �0�4�0�5�0� �0�4� 
�S�C�N�:� �1�4�1�5�0� �1�4�2�5�0� �C�O�N� 
�E�F�X�:� �1�3�5� 

�N�A�M�E� �T�L� 
�U�x� �7�  �� 

�F�i�g�u�r�e� �1�1�.� �S�c�r�e�e�n� �d�i�s�p�l�a�y� �p�r�o�t�o�t�y�p�e� �w�i�t�h� �U�L�Q�-�1�6� �w�i�n�d�o�w�.� 

� � � � � � � � 

�A� �l�i�b�r�a�r�y� �o�f� �4�2�7� �e�m�i�t�t�e�r�s� �w�a�s� �c�r�e�a�t�e�d� �a�n�d� �c�o�m�p�i�l�e�d� �i�n�t�o� �t�h�e� �P�u�b�l�i�c�a�t�i�o�n�s� �(�p�u�b�s�)�,� �T�h�e� �p�u�b�s� 

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

�f�r�e�q�u�e�n�c�y� �(�F�R�Q�)� �(�F�i�g�u�r�e� �1�2�)�.� �T�h�e� �r�e�s�t� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �e�a�c�h� �e�m�i�t�t�e�r� �w�a�s� �l�i�s�t�e�d� �i�n� 

�c�o�l�u�m�n�s� �o�f� �t�h�r�e�a�t� �l�e�v�e�l� �(�T�L�)�,� �b�i�a�s� �f�a�c�t�o�r� �(�B�I�A�S�)�,� �c�a�t�e�g�o�r�y� �(�C�A�T�)�,� �p�u�l�s�e� �r�e�p�e�t�i�t�i�o�n� �f�r�e�q�u�e�n�c�y� 

�(�P�R�F�)�,� �s�c�a�n�,� �a�n�d� �c�r�o�s�s�-�r�e�f�e�r�e�n�c�e� �n�u�m�b�e�r� �(�X�-�R�E�F�)�.� �A�f�t�e�r� �t�h�e� �o�p�e�r�a�t�o�r� �m�a�t�c�h�e�d� �F�R�Q�,� �T�L�,� 

�B�I�A�S�,� �C�A�T�,� �P�R�F�,� �a�n�d� �s�c�a�n�,� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �X�-�R�E�F� �n�u�m�b�e�r� �w�a�s� �u�s�e�d� �t�o� �l�o�o�k� �u�p� �t�h�e� �E�m�i�t�t�e�r� 

�F�i�l�e� �I�n�d�e�x� �(�E�F�X�)� �n�u�m�b�e�r� �f�r�o�m� �o�n�e� �o�f� �f�o�u�r� �X�-�R�E�F� �p�a�g�e�s� �i�n� �t�h�e� �f�r�o�n�t� �o�f� �t�h�e� �p�u�b�s� �(�F�i�g�u�r�e� �1�2�)�.� 

�I�n� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� �t�h�e� �p�u�b�s�,� �a�l�l� �X�-�R�E�F� �n�u�m�b�e�r�s� �a�r�e� �l�i�s�t�e�d� �i�n� �a�s�c�e�n�d�i�n�g� �o�r�d�e�r�.� �T�h�e�r�e� �a�r�e� �t�w�o� 

�i�d�e�n�t�i�c�a�l� �X�-�R�E�F� �n�u�m�b�e�r�s�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �e�m�i�t�t�e�r�,� �s�c�a�n� �t�y�p�e�,� �a�n�d� �E�F�X�.� �T�h�e� 

�c�o�r�r�e�c�t� �E�F�X� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �l�o�o�k�i�n�g� �u�p� �t�h�e� �c�o�r�r�e�c�t� �X�-�R�E�F� �n�u�m�b�e�r�,� �c�h�o�o�s�i�n�g� �t�h�e� �c�o�r�r�e�c�t� �s�c�a�n� 

�t�y�p�e� �f�r�o�m� �t�h�e� �t�w�o� �i�d�e�n�t�i�c�a�l� �X�-�R�E�F�s�,� �a�n�d� �s�e�l�e�c�t�i�n�g� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �E�F�X�.� �A�n� �E�F�X� �i�s� �a� �t�h�r�e�e�-� 

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

�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� �i�s� �a� �2� �x� �2� �x� �2� �x� �3� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� �f�a�c�t�o�r�i�a�l�.� �F�o�u�r� �i�n�d�e�p�e�n�d�e�n�t� 

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

�i�d�e�n�t�i�f�i�e�d� �a�s� �p�r�i�o�r�i�t�y� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �r�e�d�e�s�i�g�n�i�n�g� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �d�i�s�p�l�a�y� �(�B�e�a�t�o�n� �e�t� �a�l�.�,� 

�1�9�9�1�)� �a�r�e� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� �T�a�b�l�e� �7� �o�u�t�l�i�n�e�s� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �i�s� �s�h�o�w�n� �g�r�a�p�h�i�c�a�l�l�y� �i�n� �F�i�g�u�r�e� �1�3�.� �W�i�t�h�i�n� �e�a�c�h� �t�r�i�a�l�,� �t�h�e� �n�u�m�b�e�r� 

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

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

�c�o�m�p�u�t�e�r�.� 
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