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(ABSTRACT) 

A study was conducted to investigate the effectiveness of different 

instructional tools for teaching individuals to calculate a protected hearing level 

given A- or C-weighted sound levels, and using the NRR and HML methods. 

Three instructional tools were evaluated: 1) outline instructions, 2) tabular 

nomogram, and 3) hypermedia computer-based instructions. Effectiveness was 

measured in terms of calculation time and proportion of errors made. The results 

yielded no statistically-significant differences between the tools. Ail subjects 

performed equally well using each tool for the NRR method, and equally poor 

using each tool for the HML method. 

Two additional topics of investigation included a baseline of knowledge 

determination for hearing conservationists, and an inquiry into the subjective 

discrimination of various sound spectra. The baseline of knowledge 

determination evaluated the ability of subjects to calculate a protected hearing 

level, given A- and/or C-weighted sound levels and the NRR. Since 

professionals in this field are responsible for determining OSHA compliance, this 

test should have resulted in high baseline scores. However, only 50% of the 

;



subjects could calculate a correct answer given the C-weighted sound level; only 

17% could calculate a correct answer given the A-weighted level. 

The spectral discrimination portion of the study evaluated the ability of an 

individual to subjectively classify noises as high frequency-dominated, or low- 

frequency-dominated. Of the 12 pink and industrial noises used, only three could 

be correctly identified more than 90% of the time. This suggests that subjective 

classifications of noises should not be relied upon.
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INTRODUCTION 

In 1981, the Environmental Protection Agency reported that more than 9 

million Americans were exposed to sound levels greater than 85 dBA in a single 

8-hour workday (EPA, 1981). Over time, these noise levels will rob workers of 

their hearing. This is an unfortunate circumstance, since noise-induced hearing 

loss is preventable through the use of administrative and engineering controls to 

reduce noise levels, and through the proper application of personal hearing 

protection devices (HPDs). 

The effectiveness of hearing protection is a great concern in modern 

industry as well as in the private sector now that the leisure activities of society 

are becoming increasingly louder. Each of the three general types of HPDs 

(earplugs, earmuffs, and canal caps) offers its own specific benefits and 

differences in noise-attenuation qualities. That is, each type of hearing protector 

will reduce the various sound components in the audible range (20 to 20,000 Hz) 

differently from one another. Conventional earplugs, worn inserted into the ear 

canal, generally offer better low-frequency attenuation than earmuffs, while canal 

caps generally provide poorer overall attenuation than the other varieties. One 

goal of researchers and professionals in the field has been to summarize the 

attenuation (sound reduction) characteristics of HPDs with a single-value rating. 

The Noise Reduction Rating (NRR) (EPA, 1979) has become the 

standardized single-value rating used for calculating the protected noise level of 

an individual wearing hearing protection in the U.S.. However, a question of 

accuracy in using a single-number rating method to predict protection for an 

entire sound spectra has been raised. Research has suggested that an 

alternative method, specifically the High, Medium, Low (HML) method (ISO.



1992), may t.2 a more accurate, simplified method for calculating the protection 

afforded by a hearing protector. 

However, the HML method is not without problems. The largest of these 

problems is the obtainability of the noise data. To use the HML method, A- and 

C-weighted sound level measurements must be performed. These weighted 

values are subtracted from each other to determine highness or lowness of noise 

spectra composiiion. Based on this value, two of the three (H, M, and L) ratings 

and the linear relationship between them are evaluated. If the C-weighted noise 

level is not available, a decision based on the hearing conservationist's 

perception of the noise spectra is used for the basis of choice between the two 

linear relationships. Although it requires sophisticated equipment, and is 

relatively more complicated to calculate than the NRR, the HML is reported by 

some to be a better method for a variety of reasons which are summarized later 

in this thesis (e.g., Lundin, 1992b). Therefore, it follows that there needs to be a 

way to train professional hearing conservationists to properly use the HML 

method. 

issues In This Study 

This study investigated the two most popular hearing protection 

attenuation rating methods, specifically the Noise Reduction Rating (NRR) and 

the High, Medium, Low Rating (HML), and the abilities of trained hearing 

conservationisis and naive users in applying the two methods to compute a 

protected noise level for different sound exposure situations. Three major topics 

were investigated. The first entailed three forms of instructional tools. Simple 

outline insiructions utilized a "cookbook" approach to teaching the two methods:



nomogram cards provided more of a hands-on, quick-reference tabular 

technique; and lastly, an interactive hypermedia package provided a 

contemporary, computerized approach to instruction. The dependent variables of 

interest included calculation accuracy and speed for each of the instructional 

methods. Additionally, Likert ratings, as provided by the subjects, were recorded 

io determine different subjective responses to different aspects of each 

instructional tool. 

A second topic of investigation was the baseline of knowledge regarding 

the proper use of the NRR possessed by professionals in the field of industrial 

hearing conservation. Since these individuals are charged with the responsibility 

of protecting workers’ hearing, it follows that they should be able to accurately 

use the relatively simple NRR method without reference material (the NRR is the 

fundamental single-number method specified by OSHA (1983)). The dependent 

variables of interest for baseline NRR knowledge included calculation accuracy 

and speed. 

The final topic of investigation concerned how accurate subjects were in 

performing noise spectra discriminations when relying only on auditory 

perception. Since the "HML-Quicky" method relies solely on subjective 

discrimination between noises of high and low frequency dominance, a question 

of interest was whether or not individuals could accurately classify given noises. 

A total of twelve pink (flat level by octaves) and industrial noises were presented 

to subjects for discrimination and classification. The dependent variable of 

interest in the spectral discrimination task was percent-correct identification.



HUMAN AUDITION AND HEARING LOSS: A BRIEF OVERVIEW 

The Basic Hearing Mechanism 

The human ear is the primary channel for receiving and transforming 

sound waves into nerve impulses that the brain interprets as what a human 

hears. Ward (1988) explains this physiology. Incoming sound waves are 

funneled into the earcanal by the pinna. In the canal, the wave is amplified by 

the inherent resonance characteristics of the canal. This is especially apparent in 

the 3000 to 4000 Hz range, the natural resonance frequency range of the 

earcanal. The waves then strike the tympanic membrane, the eardrum, at the 

end of the canal which sets the ossicles into motion. This is the first 

transformation the ear performs: the propagation of the sound is transformed 

from air conduction to mechanical conduction. The ossicles, having a 

mechanical advantage of a lever system, amplify the sound and set the fluid of 

the cochlea into motion via oscillation of the oval window. This is the second 

transformation the ear performs: bone-conducted sound is transformed into fluid- 

conducted sound. The excitation of the hair cells in the cochlea by the fluid 

movement generates the nerve impulses sent to the brain to be interpreted. 

Sound may also be conducted directly to the cochlea through the vibration of the 

skull bones. These sound paths and anatomy are shown in Figure 1. 

if the sound waves incident on the ear are too intense and/or exposure is 

overly long, the nerves of the ear can become damaged, and their ability to 

receive and transform the sound waves can become impaired. This impairment 

can be temporary or permanent, and is referred to as noise-induced temporary
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Figure 1. Basic anatomy of the outer, middle, and inner ear with an indication of 

the sound path. (From Berger, 1980).



threshold shift (NITTS), and noise-induced permanent threshold shift (NIPTS), 

respectively. 

Noise-induced Temporary Threshold Shift (NITTS) 

Suter (1986) explains that a NITTS occurs when an individual is exposed 

to an intensity of noise for a period of time sufficient to fatigue the individual's ear, 

and to increase the individual's threshold of hearing. That is, the individual's 

perceptual sensitivity to the sounds of the environment will be decreased. Suter 

(1986) also states that if a daily temporary threshold shift is experienced for 

months or years, the temporary threshold shift will become a permanent 

threshold shift. 

Noise-induced Permanent Threshold Shift (NIPTS) 

If temporary threshold shifts are exhibited over a sufficient period of time, 

or there is neurological damage to the cochiea as a result of acoustic trauma or 

disease, a permanent threshold shift can result. As the name implies, the 

individual's perceptual sensitivity to sound is permanently decreased. 

Characteristic hearing thresholds due to NIPTS are shown in Figure 2. Meinick 

(1979) explains that a "notch" is traditionally found at 4000 Hz as a result of 

neurological damage induced at that frequency by the natural resonance of the 

ear canal; this notch will widen with further exposure and resultant damage. As 

stated earlier, sounds in the 4000 Hz region are more amplified by the ear, and 

thus, more of a threat to hearing occurs. For reference, normal hearing is 

represented by a straight horizontal line at 0 dBHL. 
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As NIPTS becomes more apparent, an individual's hearing loss becomes 

more debilitating. Gasaway (1985) presents the method of computing an 

individual's percent hearing loss as established by the American Academy of 

Otolaryngology-Head and Neck Surgery (AAO-HNS). An example calculation 

using this procedure is seen in Table 1. The procedure begins by computing the 

individual's percent-impairment for each ear. The pure tone average of the 

individual's threshold at 500, 1000, 2000, and 3000 Hz Is first calculated for each 

ear. A value of 25 is subtracted from each of these averages. The value of 25 is 

the lower bound for this calculation. This means that an individual must exhibit 

an average hearing loss of 25 dB for the previously-stated frequencies in order to 

obtain a non-zero percent hearing loss. Each of the remainders of the lower 

bound subtraction is then multiplied by 1.5 to take advantage of the trading 

relationship between the upper and lower bounds (92 and 25, respectively). That 

is, each decibel of hearing loss between 25 and 92 corresponds to 1.5%. The 

resulting values represent the percent-impairment for each ear. 

The percentages calculated above are used to determine an overall 

binaural percent-impairment. The smaller percentage, the percent-impairment of 

the better ear, is weighted by a factor of five and added to the larger percentage, 

the percent-impairment of the poorer ear. The average of this sum results in the 

overall binaural percent-impairment. This calculation provides a quantifiable 

value of an individual's impairment. This percentage has been used to compute 

the monetary amount of compensation an individual should receive as a result of 

a loss of hearing on the job (Gasaway, 1985).



TABLE 1 

Sample Calculation of Percent Hearing impairment (Adapted from Gasaway, 
1985). 
  

  

  

  

Ear = Right Left 
Test freq. (Hz) 500 1000 2000 3000 500 _1000_ 2000 3000 

1) Enter HL's* 20 35 35 40 15 39 SQ 35 

2) Each ear total 135 155 

3) Divide each by 4 = 33 75 38.75 

4) Subtract - 25 -~ 25 

5) Remainder = 875 13.75 

6) Multiply line 5 by x 1.5 ¥1.5 

7) Sum = 13 125%*" 20.625** 

Line 7 represents the percent hearing impairment for each ear. The next step is 
to compute the binaural percent hearing impairment. 

8) Enter the % hearing impairment for the better ear (smallest % value): 
13.125 

9) Muitiply this value by 5 x5 

10) Enter result from steps 8 and 9 = 65.625 

11) Enter the % hearing impairment for the poorer ear (from line 7) 20.625 

12) Add values in line 10 and 11 and enter total here = 86.25 

13) Divide the total on line 12 by 6 (divide by) 6 

14) Enter result from dividing value in line 12 by 6 = 14.375%   
  

This value in line 14 represents the percent of binaural impairment. 

* If hearing level at any of the above test frequencies equals or exceeds 100. or exceed the 
maximum limits of the audiometer. then enter 100 as the value to use for the hearing level and/or 
if the dB hearing level is better than 0 dB (such as minus 5 or minus 10). enter O dB as the value 
to use for computation purposes 

** Negative percent values are not used tf encountered enter O°o



HEARING PROTECTION: A BRIEF REVIEW OF THE LITERATURE 

General Types of HPDs 

As previously mentioned, three general types of hearing protectors are 

available for use by individuals: earplugs, earmuffs, and canal caps. Earplugs 

are usually made of either molded plastic, malleable polyurethane or 

polyvinyichloride foam; waxed cotton and spun fiberglass ("ear down" or 

“Swedish wool") variations are also available. In any case, an earplug is inserted 

into the ear canal to provide protection from noise. Proper insertion is the key to 

experiencing the protection labeled on the package of the protector, although that 

level of attenuation is rarely achieved. To correctly insert an earplug, an 

individual must pull the pinna of the ear up and out with the opposite hand while 

inserting the plug as deeply as possible into the canal with the same-side hand. 

This action of pulling up and out of the pinna will open and straighten the canal, 

aiding in proper insertion. A weli-fit, deeply-seated earplug can provide excellent 

protection, but poorly-sized or improperly-fit plugs do not. 

Earmuffs are comprised of two cups that sit over an individual's ear, and 

are attached by a headband. The size and shape of the cups vary from protector 

to protector. When fitting an earmuff, it is imperative that the headband sit on the 

crown of the head (not along the back of the head or under the chin unless 

specifically designed to do so), and that the foam cushions of the cups not rest 

on the pinnae. The cushions are what provide the seal around the ear; excessive 

hair around the ear, the earstems of eyeglasses, or large ear jewelry may impair 

a proper seal and reduce the protection afforded by the earmuft. 

Canal caps are foam or plastic pods that seat in the concha of the ear and 

block the entrance to the ear canal at tis rim, and are held in place by a rigid 
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plastic or metal band that hangs under the chin. or is sometimes also worn over. 

or behind, the head. Canal caps are often used when an individual travels into 

and out of a noise environment frequently. and therefore must don and remove 

the protector often. Generally, canal caps provide the least amount of protection 

compared to earplugs and earmuffs. 

As part of a hearing conservation program, hearing protectors, when 

properly selected and worn, can be an effective method (although considered 

secondary to administrative and engineering controls by the Occupational Safety 

and Health Administration (OSHA) ) of reducing the sound levels to which an 

individual is exposed. OSHA regulations govern the requirements for hearing 

protection in occupational settings, while the Environmental Protection Agency 

(EPA) controls the product labeling requirement which specifies hearing protector 

testing standards, product rating metrics, and attenuation labeling requirements. 

The protection afforded by hearing protectors is often overestimated due 

to a discrepancy between laboratory versus field effectiveness of HPD's. Since 

laboratory tests use ideal situations (experimenter fit HPD's, controlled 

environment, and a still subject), the protection is usually inflated over what is 

truly obtained while a worker is in the job environment using a comfortable fit and 

moving and/or talking. Researchers such as Berger (1993) have shown that 

between NRRs obtained in a laboratory and those in the field differ by as much 

as 10 to 25 dB, depending on the HPD. 

Overview of OSHA Regulations 

With tts roots embedded in the Walsh-Healy Act of 1969, and the OSHA 

act of 1971, OSHA's Hearing Conservation Amendment of 1983 is the requlation



to which noise exposure limits and hearing conservation programs of modern US. 

industry must conform. The OSHA act (OSHA, 1971) established the following 

basic criteria: 

1. Daily exposure for an 8-hour day is not to exceed 90 dBA 

Time Weighted Average (TWA) using a 5 dB trading 

relationship for exposure time versus GBA levels. This 

equals a daily noise dose of 100%. 

2. Exposures to steady-state noise cannot be greater than 115 

dBA. 

3. Peak noise levels can not be greater than 140 dBA. 

The 1983 amendment mandates the following program requirements: hearing 

conservation program, noise monitoring, employee notification, observation of 

monitoring, audiometric testing program, audiometric test requirements, hearing 

protectors, hearing protector attenuation, training program, access to information 

and training materials, recordkeeping, appendices (which contain reference 

tables and equations, procedures, and equipment and facility requirements), 

exemptions (oil and gas well drilling and servicing companies are exempt from 

this amendment), and startup date. The most relevant sections, to this thesis, 

are the following: hearing protectors (section i), hearing protector attenuation 

(section j), and Appendix A and B which deal with the computation of noise 

exposure, and the evaluation of HPD attenuation adequacy, respectively. 

Overview of the 1983 amendment's section on hearing protectors 

(section i). This section of OSHA's 1983 amendment consists of the following 

five points: 
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Employers are responsible for supplying hearing j: atection 

to employees exposed to greater than or equal to 85 dBA 

TWA. 

Employers are responsible for making sure that hearing 

protectors are worn by employees who are exposed to 

greater than or equal to 90 dBA TWA, or by employees who 

are exposed to 85 dBA TWA or above, and do not have a 

referenceable audiogram, or are exhibiting a standard 

threshold shift (STS) in hearing. 

Employers are responsible for supplying a variety of hearing 

protectors from which the employee may choose. 

Employers are responsible for training employees on the 

proper use and care of hearing protectors. 

Employers are responsible for making sure that an employee 

is properly fitted with a hearing protector and is using it 

correctly. 

Overview of the section on hearing protector attenuation (section j). 

This section of the 1983 amendment consists of the following four points: 

1. Employers are responsible for evaluating the attenuation of a 

hearing protector in the noise environment in which it is to be 

used. This section references Appendix B of the 1983 

amendment; the appendix states that the Noise Reduction 

Rating is to be the means of hearing protector attenuation 

evaluation. 
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2. A hearing protector must provide adequate protection to 

reduce the 8-hour TWA exposure of an employee to less 

than or equal to 90 dBA. 

3. For employees who exhibit a threshold shift in hearing, a 

hearing protector must provide adequate protection to 

reduce the TWA exposure to less than or equal to 85 dBA. 

4. Employers are responsible for reevaluating the protection of 

hearing protectors when an increase in noise exposure is 

exhibited. 

Overview of Appendix A: noise exposure computation. This appendix 

provides the formulae to be used by hearing conservationists when evaluating an 

employee's exposure to noise. Table 2 defines the reference exposure duration 

limits for different noise levels. The governing equation for this table is as 

follows: 
T = 8 

o(L - 90)/5 

Where: T is the allowable duration in hours for a given 
exposure level, L 

L is the exposure level in dBA 

An individual's daily dose is calculated using these reference durations, T, and 

the time they are exposed to a given noise level. The governing equation is as 

follows: 
n 

D = 100( 2 Cj/Ti) 
i= 1 

Where Dis the daily percentage noise dose 
Cj its the time in the measured noise level in hours 

Tj is the allowable duration in the specific measured 

noise level in hours 
nis the number of different exposure durations 
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�2�1�1�,� �S�u�b�p�a�r�t� �-�-�-�-�.�"� 

�F�i�g�u�r�e� �3� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �l�a�b�e�l� �a�n�d� �i�t�s� �c�o�m�p�o�n�e�n�t�s�.� �F�i�g�u�r�e� �4� 

�i�l�l�u�s�t�r�a�t�e�s� �a� �s�a�m�p�l�e� �l�a�b�e�l� �t�h�a�t� �h�a�s� �a�n� �N�R�R� �o�f� �2�3� �d�B�.� 

�O�c�t�a�v�e� �B�a�n�d� �M�e�t�h�o�d� �o�f� �A�s�s�e�s�s�i�n�g� �t�h�e� �P�r�o�t�e�c�t�e�d� �N�o�i�s�e� �L�e�v�e�l� 

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

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

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

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

 ��p�r�e�v�e�n�t�,� �o�r� �m�i�n�i�m�i�z�e�,� �t�h�r�e�s�h�o�l�d� �s�h�i�f�t�s� �i�n� �w�o�r�k�e�r�s �� �h�e�a�r�i�n�g� �(�B�e�r�g�e�r�,� �1�9�7�9�,� �1�9�8�4�;� 

�C�l�u�f�f�,� �1�9�8�6�;� �L�e�m�p�e�r�t� �a�n�d� �F�l�e�m�i�n�g�,� �1�9�7�6�)�.� �t�n� �s�p�e�c�i�f�i�c� �r�e�g�a�r�d� �t�o� �t�h�i�s� �q�u�e�s�t�i�o�n� �o�f� 

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

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

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

�A� �m�a�j�o�r�i�t�y� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �(�B�e�r�g�e�r�,� �1�9�7�9�,� �1�9�8�4�;� �C�l�u�f�f�,� �1�9�8�6�;� �L�e�m�p�e�r�t� �a�n�d� 

�F�l�e�m�i�n�g�,� �1�9�7�6�;� �N�I�O�S�H�,� �1�9�7�5�)� �a�g�r�e�e� �t�h�a�t� �t�h�e� �m�o�s�t� �a�c�c�u�r�a�t�e� �p�r�o�c�e�d�u�r�e� �f�o�r� 

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

�(�N�O�I�S�E� 
�R�E�D�U�C�T�I�O�N� �2�3� �d�e�c�I�B�E�L�S� 
�R�A�T�I�N�G� �(�W�H�E�N� �U�S�E�D� �A�S� �D�I�R�E�C�T�E�D�)� 
� � 

�T�H�E� �R�A�N�G�E� �O�F� �N�O�I�S�E� �R�E�D�U�C�T�I�O�N� �R�A�T�I�N�G�S� 
�F�O�R� �E�X�I�S�T�I�N�G� �H�E�A�R�I�N�G� �P�R�O�T�E�C�T�O�R�S� 

�I�S� �A�P�P�R�O�X�I�M�A�T�E�L�Y� �0� �T�O� �3�0� 
�(�H�I�G�H�E�R� �N�U�M�B�E�R�S� �D�E�N�O�T�E� �G�R�E�A�T�E�R� �E�F�F�E�C�T�I�V�E�N�E�S�S� 
� � 

�A�D�D�R�E�S�S� �T�Y�P�E� 
� � 

�F�e�d�e�r�a�l� �l�a�w� �p�r�o�h�i�b�i�t�s� �L�A�B�E�L� �R�E�Q�U�I�R�E�D� �B�Y� 
�r�e�m�o�v�a�l� �o�f� �t�h�i�s� �l�a�b�e�l� �w�e�p� �A� �U�S� �E�P�A� �R�E�G�U�L�A�T�I�O�N� 
�p�r�i�o�r� �t�o� �p�u�r�c�h�a�s�e� �4�0� �C�F�R� �P�A�R�T� �2�1�1� �J� � � � � �\� 

�F�i�g�u�r�e� �4�.� �S�a�m�p�l�e� �N�A�R� �l�a�b�e�l� �[�N�o�t� �t�o� �s�c�a�l�e�]� �(�A�d�a�p�t�e�d� �f�r�o�m� �E�P�A�,� �1�9�7�9�)�.� 
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�m�e�t�h�o�d�,� �a�l�s�o� �k�n�o�w�n� �a�s� �N�I�O�S�H� �M�e�t�h�o�d� �N�u�m�b�e�r� �1�.� �o�r� �t�h�e� �L�o�n�g� �M�e�t�h�o�d�.� �T�h�i�s� 

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

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

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

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

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

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

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

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

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

�m�e�t�h�o�d�,� �a�s� �i�n� �N�I�O�S�H� �7�6�-�1�2�0� �(�1�9�7�5�)�,� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�1�.� �E�n�t�e�r� �t�h�e� �a�m�b�i�e�n�t� �n�o�i�s�e� �e�n�v�i�r�o�n�m�e�n�t� �w�i�t�h� �a�n� �o�c�t�a�v�e� �b�a�n�d� 

�a�n�a�l�y�z�e�r�.� 

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

�c�e�n�t�e�r�e�d� �a�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�r�e�q�u�e�n�c�i�e�s�:� �1�2�5�,� �2�5�0�,� �5�0�0�,� �1�0�0�0�,� 

�2�0�0�0�,� �3�1�5�0�,� �4�0�0�0�,� �6�3�0�0�,� �a�n�d� �8�0�0�0� �H�z�.� �A�v�e�r�a�g�e� �t�h�e� �l�e�v�e�l�s� 

�f�o�r� �3�1�5�0� �a�n�d� �4�0�0�0� �H�z� �a�n�d� �r�e�c�o�r�d� �t�h�i�s� �a�s� �t�h�e� �4�0�0�0� �H�z� �l�e�v�e�l�,� 

�t�h�e�n� �i�g�n�o�r�e� �t�h�e� �3�1�5�0� �H�z� �v�a�l�u�e�.� �A�l�s�o�,� �a�v�e�r�a�g�e� �t�h�e� �l�e�v�e�l�s� �f�o�r� 

�6�3�0�0� �a�n�d� �8�0�0�0� �H�z� �a�n�d� �r�e�c�o�r�d� �t�h�i�s� �a�s� �t�h�e� �8�0�0�0� �H�z� �l�e�v�e�l�,� �t�h�e�n� 

�i�g�n�o�r�e� �t�h�e� �6�3�0�0� �H�z� �v�a�l�u�e�.� 

�3�.� �A�p�p�l�y� �a�n� �A�-�w�e�i�g�h�t�i�n�g� �t�o� �t�h�e� �s�e�v�e�n� �r�e�m�a�i�n�i�n�g� �v�a�l�u�e�s� �(�-�1�6�.�1�,� 

�-�8�.�6�,� �-�3�.�2�,� �0�.�0�,� �1�.�2�.� �1�.�0�,� �a�n�d� �-�1�.�1� �d�B�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� 

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

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

�l�e�v�e�l�.



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

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

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

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

�v�a�l�u�e�s� �b�y� �2�.� �A� �f�a�c�t�o�r� �o�f� �t�w�o� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �i�s� �u�s�e�d� �s�o� 

�t�h�a�t� �9�8�%� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �i�s� �p�r�o�t�e�c�t�e�d� �b�y� �t�h�e� �a�t�t�e�n�u�a�t�i�o�n� �o�f� 

�t�h�e� �H�P�D�.� 

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

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

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

�d�e�v�i�a�t�i�o�n� �(�i�.�e�.�.� �S�t�e�p� �3� �-� �S�t�e�p� �5� �+� �S�t�e�p� �6�)�.� 

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

�p�e�r�f�o�r�m�i�n�g� �a� �l�o�g�a�r�i�t�h�m�i�c� �s�u�m� �o�f� �t�h�e� �v�a�l�u�e�s� �f�r�o�m� �s�t�e�p� �7�.� 

�A� �n�u�m�e�r�i�c�a�l� �e�x�a�m�p�l�e� �o�f� �t�h�e� �o�c�t�a�v�e� �b�a�n�d� �m�e�t�h�o�d� �c�a�l�c�u�l�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �3�.� 

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

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

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

�r�e�q�u�i�r�e�s� �t�h�e� �u�s�e� �o�f� �m�o�r�e� �s�o�p�h�i�s�t�i�c�a�t�e�d� �e�q�u�i�p�m�e�n�t� �t�h�a�n� �d�o�e�s� �t�h�e� �N�R�R�.�m�e�t�h�o�d�,� 

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

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

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

�i�t� �c�a�n�n�o�t� �b�e� �p�r�e�-�c�o�m�p�u�t�e�d� �a�n�d� �s�u�p�p�l�i�e�d� �b�y� �t�h�e� �H�P�D� �m�a�n�u�f�a�c�t�u�r�e�r�.� �I�t� �i�s� �p�r�i�m�a�r�i�l�y� 

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

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

�2�1



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

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

�2�2



�T�A�B�L�E� �3� 

�S�a�m�p�l�e� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �P�r�o�t�e�c�t�e�d� �N�o�i�s�e� �L�e�v�e�l� �U�s�i�n�g� �t�h�e� �O�c�t�a�v�e� �B�a�n�d� �M�e�t�h�o�d� 
�(�A�d�a�p�t�e�d� �f�o�r�m� �B�e�r�g�e�r�,� �1�9�8�6�)�.� 
� � 

�O�c�t�a�v�e� �B�a�n�d� �C�e�n�t�e�r� 
�F�r�e�q�u�e�n�c�y� �(�H�z�)� �1�2�5� �2�5�0� �5�0�0� �1�0�0�0� �2�0�0�0� �4�0�0�0� �8�0�0�0� �d�B�A�A� 
� � 

�.� �M�e�a�s�u�r�e� �s�o�u�n�d� 
�p�r�e�s�s�u�r�e� �l�e�v�e�l�s� �8�5�0� �8�7�.�0� �9�0�.�0� �9�0�.�0� �8�5�0� �8�2�0� �8�0�.�0� 

�2�.� �A�-�w�e�i�g�h�t�i�n�g� 
�c�o�r�r�e�c�t�i�o�n� �-�1�6�.�1� �-�8�6� �-�3�.�2� �0�.�0� �4�1�.�2� �4�1�.�0� �-�1�.�1� 

�3�.� �A�-�w�e�i�g�h�t�e�d� 
�s�o�u�n�d� �l�e�v�e�l�s� �(�s�t�e�p� �6�8�.�9� �7�8�4� �8�6�8� �9�0�.�0� �8�6�2� �8�3�0� �7�8�9� �9�3�.�5� 
�1�+� �s�t�e�p� �2�]� 

�4�.� �T�y�p�i�c�a�l� 
�p�r�e�m�o�l�d�e�d�e�a�r�p�l�u�g� �2�7�.�4� �2�6�6� �2�7�.�5� �2�7�.�0� �3�2�.�0� �4�6�.�0�8� �4�4�.�2�0� 
�a�t�t�e�n�u�a�t�i�o�n� 

�5�.� �S�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �7�.�8� �8�.�4� �9�4� �6�8� �8�8� �7�.�3�8� �1�2�.�8�C� 
�x�2� 

�6�.� �E�s�t�i�m�a�t�e�d� �p�r�o�t�e�c�t�e�d� 
�A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �4�9�3� �6�0�2� �6�8�.�7� �6�9�8� �6�3�8�.�0� �4�4�3� �4�7�5� �7�3�.�0� 
�l�e�v�e�l�s� �[�s�t�e�p� �3� �-� 
�s�t�e�p� �4� �-� �s�t�e�p� �5�]� 
� � 

�T�h�e� �e�s�t�i�m�a�t�e�d� �p�r�o�t�e�c�t�i�o�n� �f�o�r� �9�8�%� �o�f� �t�h�e� �u�s�e�r�s� �i�n� �t�h�e� �n�o�i�s�e� �e�n�v�i�r�o�n�m�e�n�t�,� 
�a�s�s�u�m�i�n�g� �t�h�e�y� �w�e�a�r� �t�h�e� �d�e�v�i�c�e� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �a�s� �d�i�d� �t�h�e� �t�e�s�t� �s�u�b�j�e�c�t�s�,� �a�n�d� 
�a�s�s�u�m�i�n�g� �t�h�e�y� �a�r�e� �a�c�c�u�r�a�t�e�l�y� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �t�e�s�t� �s�u�b�j�e�c�t�s� �i�s�:� 
�9�3�.�5� �-� �7�3�.�0� �+� �2�0�.�5� �d�B�A�.� 

�A�L�o�g�a�r�i�t�h�m�i�c� �s�u�m� �o�f� �7� �o�c�t�a�v�e� �b�a�n�d� �l�e�v�e�l�s� �i�n� �t�h�e� �r�o�w�.� 
�B�A�r�i�t�h�m�e�t�i�c� �a�v�e�r�a�g�e� �o�f� �3�1�5�0� �a�n�d� �4�0�0�0� �H�z� �d�a�t�a�.� 
�C�A�r�i�t�h�m�e�t�i�c� �a�v�e�r�a�g�e� �o�f� �6�3�0�0� �a�n�d� �8�0�0�0� �H�z� �d�a�t�a�.� 

�2�3



�H�E�A�R�I�N�G� �P�R�O�T�E�C�T�O�R� �S�I�N�G�L�E�-�N�U�M�B�E�R� �R�A�T�I�N�G� �M�E�T�H�O�D�S�:� 
�A� �B�R�I�E�F� �R�E�V�I�E�W� �O�F� �T�H�E� �L�I�T�E�R�A�T�U�R�E� 

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

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

�w�e�a�r�i�n�g� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�i�o�n�.� �B�e�r�g�e�r� �(�1�9�7�9�)� �p�r�o�v�i�d�e�s� �a� �s�u�m�m�a�r�y� �t�a�b�l�e�,� 

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

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

�H�M�L�,� �S�N�R�,� �a�n�d� �S�L�C�g�o�.� �T�h�e� �b�a�s�i�s� �f�o�r� �t�h�i�s� �l�i�m�i�t�a�t�i�o�n� �o�f� �d�e�s�c�r�i�b�e�d� �m�e�t�h�o�d�s� �i�s� �t�h�e� 

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

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

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

�N�o�i�s�e� �R�e�d�u�c�t�i�o�n� �R�a�t�i�n�g� �(�N�R�R�)� 

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

�P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y� �(�E�P�A�)� �i�n� �S�e�p�t�e�m�b�e�r� �o�f� �1�9�7�9� �a�s� �t�h�e� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r� �r�a�t�i�n�g� 

�v�a�l�u�e� �t�o� �b�e� �u�s�e�d� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �I�t� �i�s� �r�e�q�u�i�r�e�d� �t�o� �b�e� �p�l�a�c�e�d� �o�n� �t�h�e� 

�p�a�c�k�a�g�i�n�g� �o�f� �a�l�l� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r�s� �(�E�P�A�,� �1�9�7�9�)�.� �T�h�e� �N�R�R� �i�s� �g�e�n�e�r�a�l�l�y� �k�n�o�w�n� �t�o� 

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

�C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �N�R�R� �f�r�o�m� �H�P�D� �a�t�t�e�n�u�a�t�i�o�n� �d�a�t�a�.� �B�e�c�a�u�s�e� �t�h�e� �E�P�A� 

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

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

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

�v�a�l�u�e� �b�e� �a�c�c�u�r�a�t�e�l�y� �c�a�l�c�u�l�a�t�e�d�.� �S�e�c�t�i�o�n� �2�1�1�.�2�0�7� �o�f� �4�0� �C�F�R� �p�r�o�v�i�d�e�s� �t�h�e� �s�t�e�p�-� 

�b�y�-�s�t�e�p� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �c�o�m�p�u�t�i�n�g� �a�n� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r�'�s� �N�R�R� �(�E�P�A�.� �1�9�7�9�)�.� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �i�s� �a�s� �f�o�l�l�o�w�s�:� 
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�T�A�B�L�E� �4� 

�S�i�n�g�i�e�-�N�u�m�b�e�r� �R�a�t�i�n�g�s� �o�f� �H�e�a�r�i�n�g� �P�r�o�t�e�c�t�o�r�s� �(�F�r�o�m� �B�e�r�g�e�r�,� �1�9�7�9�)�.� 
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�W�e�i�g�h�t�i�n�g� �N�e�t�w�o�r�k� �H�y�p�o�t�h�e�t�i�c�a�l� �U�s�e�r� �S�p�e�c�t�r�a�t� 
�S�i�n�g�l�e� �N�u�m�b�e�r� �P�r�o�p�o�s�e�d� �F�o�r� �N�o�l�s�e� �N�o�i�s�e� �V�a�r�l�a�b�i�l�i�t�y� �S�a�f�e�t�y� �S�a�m�p�t�e� 

�R�a�t�i�n�g� �B�y� �D�a�t�e� �M�e�a�s�u�r�e�m�e�n�t�!� �S�p�e�c�t�r�u�m�?� �C�o�r�r�e�c�t�i�o�n�?� �F�a�c�t�o�r �� �C�a�l�c�u�l�a�t�i�o�n �� 

�R� �N�I�O�S�H� �1�9�7�2� �d�B�A� �P�i�n�k� �1�0� �d�B�¢�  ��*� �2�6� 
�C�a�t�e�n�a� 

�D�u�c�u�m�e�n�t� 

�A�E�S�!� �R�.� �C�a�m�p� �1�9�7�2� �_� �_� �N�o�n�e� �_� �8�8�%� 

�K� �A�N�S�I� �2�1�3�7� �1� �1�9�7�3� �d�B�A� �P�i�n�k� �1�0� �d�8�*�  ��*� �3�6� 
�O�r�a�t�t� �3� 
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�f�r�o�m� �a�n� �A� �o�r� �C�-�w�e�e�g�h�t�e�d� �u�n�p�r�o�t�e�c�t�e�d� �s�o�u�n�d� �l�e�v�e�l� 
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�T�t�v�s� �1�0�0�6� �C�o�r�r�e�c�t�i�o�n� �w�n�c�t�u�d�e�d� �m� �t�h�e� �c�a�t�c�u�l�a�t�e�d� �R� 
�a�C�C�O�u�n�s� �f�o�r� �9�0�4�5�O�8�e� �N�o�s�e� �S�p�e�C�I�t�U�n� �e�r�e�g�u�l�a�n�t�e�s� �a�n�d� 

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

�S�a�m�o�t�e� �c�a�t�c�u�l�a�t�i�o�n� �t�o�r� �c�u�r�r�e�n�t�t�y� �r�e�p�o�r�t�e�d� �E�-�A�-�A!"� �P�l�u�g� 

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

�T�h�e� �A�t�i�e�n�u�a�t�i�o�n� �E�t�h�o�e�n�c�y� �S�c�o�r�e� �s�s� �a� �r�e�l�a�t�i�v�e� �r�a�n�k�i�n�g� 
�b�a�s�e�d� �o�n� �F�o�r�t� �R�u�c�k�e�r� �A�e�r�o� �M�e�c�c�a�l� �R�e�s�e�a�r�c�h� �L�a�b�o�c�a�-� 

�f�o�r�y� �d�a�l�a� �&� �d�o�e�s� �n�o�t� �p�e�t�d� �a� �n�o�s�e� �t�e�d�u�c�t�i�o�n� �g�u�r�e�.� �N�o� 
�G�e�w�c�e� �h�a�s� �a�n� �A�E�S� �«� �1�0�0�%�s�,� �s�u�c�e� �i�t�e�s� �w�o�u�l�d� �m�e�a�n� 
�h�a�d� �t�h�e� �t�u�g�h�e�s�!� �a�t�i�e�n�u�a�v�o�n� �e�v�e�r� �m�e�a�s�u�r�e�d� �a�t� �F�o�r�t� 
�R�u�c�k�e�r� �a�f� �a�l� �o�f� �t�h�e� �t�e�s�t� �t�r�e�q�u�e�n�o�e�s� �T�h�e� �r�a�n�g�e� �o�f� �A�E�S� 
�w�a�i�v�e�s� �f�o�r� �c�u�r�r�e�n�t�l�y� �a�v�a�d�a�b�l�e� �G�e�w�c�e�s� �6� �2�%�-�8�8�%� 

�S�e�n�d�a�s�r� �c�o�n�c�e�p�t� �a�s� �f�o�o�t�n�o�t�e� �6�.� �e�x�c�e�p�t� �t�t�u�s� �c�o�r�r�e�c�t�i�o�n� 
�l�a�c�t�o�r� �1�3� �n�o�t� �M�C�t�U�G�e�d� �«�m�n� �K� �O�u�t� �m�u�s�i� �b�e� �s�u�b�t�r�a�c�t�e�d� �f�r�o�m� 

�t�h�e� �d�B�A� �l�e�v�e�l� �l�o�r� �e�a�c�h� �C�a�t�c�u�l�a�t�o�n� �O�o�w�o�u�s�t�y� �t�h�e� �K� �a�n�d� 
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�N�o�t�e� �t�i�a�l� �t�h�e� �A�l� �w�a�i�v�e� �f�o�r� �E�-�A�-�R!"� �P�r�u�g�s� �«� �7�0�8� �t�o�w�e�r� 
�t�h�a�n� �A�,� �v�a�l�u�e� �T�h�i�s� �r�e�f�l�e�c�t�s� �t�h�e� �e�x�t�r�a� �s�a�f�e�t�y� �f�a�c�t�o�r� �m�a�t� 

�m�u�s�t� �d�e� �m�n�c�i�u�d�e�d� �s�i�n�c�e� �a� �d�B�A� �m�n�s�t�e�a�d� �o�f� �2� �O�B�C� �s�o�u�n�d� 
�l�e�v�e�l� �s� �u�s�e�d� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� 

�1�1� �P�r�o�t�e�c�t�o�r� �A�t�l�e�n�u�a�b�o�n� �R�a�t�i�n�g� �~� �T�i�s�.� �i�k�e� �n�e� �A�E�S� �5� �a� 
�r�e�l�a�t�i�v�e� �r�a�n�k�i�n�g�.� �H�r�s� �b�a�s�e�d� �o�n� �T�o�b�i�a�s� �m�e�a�s�u�r�e�m�e�n�t�s� 

�o�f� �o�v�e�r� �4�0� �d�i�f�f�e�r�e�n�t� �p�r�o�t�e�c�t�o�r�s� �1�1�s� �0�e�S�1� �6�5� �w�o�r�s�t� �T�h� 
�t�w�e�e� �n�u�m�b�e�r�s� �r�e�p�r�e�s�e�m� �I�n�e� �r�e�l�a�t�i�v�e� �r�a�n�t�u�n�g� �w�i�t�h� �e�t�c� 

�o�n�e� �s�l�a�n�d�a�r�d� �G�e�w�a�t�i�o�n� �a�n�d� �t�w�o� �s�t�a�n�d�a�r�d� �d�e�n�s�t�o�n� �c�o� 
�f�e�c�t�o�n�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �b�e�s�t� �p�o�s�s�i�b�l�e� �P�-�A�R� �g� �1�-�1�-�1� 

�1�2�.� �T�h�e� �T�y�p�r�c�a�l� �N�o�r�s�e� �c�s� �a� �S�h�a�p�e�d� �s�p�e�c�t�r�u�m� �r�e�s�e�m�o�n�n�g� 
�p�i�k� �n�a�s�e�,� �b�u�t� �s�l�o�p�i�n�g� �g�e�n�t�l�y� �d�o�w�n�w�a�r�d�s� �t�r�o�m� 
�6�3� �H�z� �-� �6� �k�H�z�.� 

�1�3� �S�e�n�d�a�r� �t�o� �T�T�N�.� 

�1�4� �N�o�s�e� �R�e�d�u�c�t�o�o�n� �R�a�t�i�n�g� 

�1�5� �N�o�m�w�a�l� �N�o�s�e� �S�p�e�c�t�r�u�m� �t�s� �s�a�r�m�u�t�a�c� �t�o� �T�I�N



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

�C�a�l�c�u�l�a�t�e� �t�h�e� �C�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s� �(�L�C�)� �f�o�r� �e�a�c�h� �o�f� �t�h�e� 

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

�1�2�5�,� �2�5�0�,� �5�0�0�,� �1�0�0�0�,� �2�0�0�0�,� �3�1�5�0�,� �4�0�0�0�,� �6�0�0�0�,� �8�0�0�0� �H�z�.� �T�h�e� 

�v�a�l�u�e�s� �f�o�r� �3�1�5�0� �a�n�d� �6�3�0�0� �H�z� �a�r�e� �a�v�e�r�a�g�e�d� �w�i�t�h� �4�0�0�0� �a�n�d� 

�8�0�0�0� �H�z� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

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

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

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

�F�i�n�d� �t�h�e� �A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s� �(�L�A�)� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �n�i�n�e� 

�o�c�t�a�v�e� �b�a�n�d�s�.� �T�h�e� �v�a�l�u�e�s� �f�o�r� �3�1�5�0� �a�n�d� �6�3�0�0� �H�z� �a�r�e� 

�a�v�e�r�a�g�e�d� �w�i�t�h� �4�0�0�0� �a�n�d� �8�0�0�0� �H�z� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�F�i�n�d� �t�h�e� �m�e�a�n� �a�t�t�e�n�u�a�t�i�o�n� �f�o�r� �e�a�c�h� �1�/�3� �o�c�t�a�v�e� �b�a�n�d� �f�o�r� �t�h�e� 

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

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

�1�/�3� �o�c�t�a�v�e� �b�a�n�d� �f�o�r� �t�h�e� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r� �b�e�i�n�g� �u�s�e�d�.� 

�M�u�l�t�i�p�l�y� �e�a�c�h� �o�f� �t�h�e�s�e� �v�a�l�u�e�s� �b�y� �2�.� 

�C�o�m�p�u�t�e� �t�h�e� �p�r�o�t�e�c�t�e�d� �A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l� �a�t� �e�a�c�h� �1�/�3� 

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

�H�P�D� �f�r�o�m� �t�h�e� �A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s�,� �a�n�d� �a�d�d�i�n�g� �t�h�e� 

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

�a�t�t�e�n�u�a�t�i�o�n�s�.� 

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

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

�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s�.� 
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�9�.� �C�a�l�c�u�l�a�t�e� �t�h�e� �N�R�R� �b�y� �s�u�b�t�r�a�c�t�i�n�g� �t�h�e� �o�v�e�r�a�l�l� �p�r�o�t�e�c�t�e�d� �A�-� 

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

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

�u�n�c�e�r�t�a�i�n�t�y� �o�f� �3� �d�B�.� 

�A� �s�a�m�p�l�e� �c�a�l�c�u�l�a�t�i�o�n� �f�r�o�m� �B�e�r�g�e�r� �(�1�9�7�9�)� �f�o�r� �t�h�e� �E�-�A�-�R� �C�l�a�s�s�i�c!"� �P�o�l�y�v�i�n�y�l�-� 

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

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

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

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

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

�t�h�e� �N�R�R� �f�r�o�m� �t�h�e� �C�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l� �(�L�C�)� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �(�i�.�e�.�,� �L�A�'�=�L�C� 

�-� �N�R�R�,� �w�h�e�r�e� �L�a �� �i�s� �t�h�e� �p�r�o�t�e�c�t�e�d� �A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �O�S�H�A� 

�(�1�9�8�3�)� �r�e�g�u�l�a�t�i�o�n� �1�9�1�0�.�9�5�,� �i�f� �t�h�e� �d�B�C� �v�a�l�u�e� �c�a�n�n�o�t� �b�e� �o�b�t�a�i�n�e�d�,� �t�h�e� �A�-�w�e�i�g�h�t�e�d� 

�v�a�l�u�e� �c�a�n� �b�e� �u�s�e�d� �i�f� �t�h�e� �N�R�R� �i�s� �f�i�r�s�t� �r�e�d�u�c�e�d� �b�y� �7� �(�t�h�i�s� �i�s� �t�h�e� �s�a�m�e� �a�s� �i�n�c�r�e�a�s�i�n�g� 

�t�h�e� �A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �b�y� �7� �d�B�)�.� �T�h�a�t� �i�s�,� �L�A�'�=�L�a�A� �-� 

�(�N�R�R� �-� �7�)�.� �T�h�i�s� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �k�n�o�w�n� �a�s� �N�I�O�S�H� �M�e�t�h�o�d� �N�u�m�b�e�r� �3�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�t�h�e� �O�S�H�A� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �m�a�n�u�a�l� �s�t�a�t�e�s� �t�h�a�t� �t�h�e� �N�R�R� �s�h�o�u�l�d� �b�e� �d�i�v�i�d�e�d� �b�y� �t�w�o� 

�b�e�f�o�r�e� �a�p�p�l�y�i�n�g� �i�t� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�t�e�c�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �(�O�S�H�A�,� �1�9�8�3�)�.� 

�O�S�H�A� �r�e�c�o�g�n�i�z�e�s� �t�h�a�t� �l�a�b�o�r�a�t�o�r�y�-�o�b�t�a�i�n�e�d� �N�R�R� �v�a�l�u�e�s� �a�r�e� �n�o�t� �a�l�w�a�y�s� 

�e�x�p�e�r�i�e�n�c�e�d� �i�n� �t�h�e� �w�o�r�k�p�l�a�c�e�;� �t�h�i�s� �5�0�%� �r�e�d�u�c�t�i�o�n� �i�s� �a� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r� �f�o�r� �r�e�a�l�-� 

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

�E�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �N�R�R�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� �p�e�r�f�o�r�m�e�d� �t�o� 

�e�v�a�l�u�a�t�e� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �N�R�R� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� �r�a�t�i�n�g� �m�e�t�h�o�d� �f�o�r� �H�P�D� 

�a�t�t�e�n�u�a�t�i�o�n�.� �F�i�r�s�t�,� �a� �s�t�u�d�y� �p�e�r�f�o�r�m�e�d� �b�y� �B�e�h�a�r� �(�1�9�8�1�)� �c�o�m�p�a�r�e�d� �t�h�e� �N�R�R� 

�m�e�t�h�o�d� �t�o� �t�h�e� �N�I�O�S�H� �o�c�t�a�v�e� �b�a�n�d� �m�e�t�h�o�d�.� �T�h�e� �s�t�u�d�y� �c�a�l�c�u�l�a�t�e�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e
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�b�e�t�w�e�e�n� �t�n�e� �p�r�o�t�e�c�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s� �a�c�h�i�e�v�e�d� �b�y� �e�a�c�h� �o�f� �t�h�e� �t�w�o� �m�e�t�h�o�d�s�;� �t�h�e� 

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

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

�u�s�i�n�g� �t�h�e� �N�R�R� �(�B�e�h�a�r�,� �1�9�8�1�)�.� �B�e�h�a�r� �f�o�u�n�d� �t�h�a�t� �t�h�e� �N�R�R�-�b�a�s�e�d� �p�r�o�t�e�c�t�e�d� �s�o�u�n�d� 

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

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

�t�h�e� �p�r�o�t�e�c�t�o�r�.� �T�h�a�t�i�s�,� �E� �i�s� �n�o�i�s�e�-� �a�n�d� �p�r�o�t�e�c�t�o�r�-�s�p�e�c�i�f�i�c�.� �L�a�s�t�l�y�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� 

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

�p�l�u�g�s�.� 

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

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

�e�q�u�i�p�m�e�n�t�.� �N�o� �c�o�n�c�r�e�t�e� �d�e�c�i�s�i�o�n� �w�a�s� �r�e�a�c�h�e�d�,� �h�o�w�e�v�e�r�.� �B�e�c�a�u�s�e� �t�h�e�r�e� �w�a�s� �n�o� 

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

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

�s�p�e�c�t�r�a� �h�a�s� �a� �m�a�x�i�m�u�m� �C� �m�i�n�u�s� �A�-�w�e�i�g�h�t�e�d� �v�a�l�u�e� �o�f� �l�e�s�s� �t�h�a�n� �3�.�5� �d�B� �p�o�s�i�t�i�v�e� �o�r� 

�n�e�g�a�t�i�v�e� �(�C�l�u�f�f�,� �1�9�8�6�)�.� �C�l�u�f�f�'�s� �f�i�n�a�l� �c�o�n�c�l�u�s�i�o�n�s� �f�r�o�m� �t�h�e� �1�9�8�6� �s�t�u�d�y� �c�a�n� �b�e� 

�s�u�m�m�a�r�i�z�e�d� �a�s� �f�o�l�l�o�w�s�.� �F�i�r�s�t�,� �t�h�e� �N�R�R� �i�s� �s�i�m�p�l�e� �t�o� �u�s�e�.� �A�l�s�o�,� �t�h�e�r�e� �i�s� �l�a�r�g�e� 

�v�a�r�i�a�b�i�l�i�t�y� �(�u�p� �t�o� �a�b�o�u�t� �1�1� �d�B�)� �i�n� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �N�R�R�'�s� �a�t�t�e�n�u�a�t�i�o�n� �e�s�t�i�m�a�t�e�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �N�R�R� �w�o�r�k�s� �b�e�s�t� �i�n� �n�o�n�-�V�-�n�o�i�s�e� �s�p�e�c�t�r�a� �(�|�C� �-� �A�]� �<� �3�.�5�)�.� 

�L�a�s�t�l�y�,� �L�u�n�d�i�n� �(�1�9�9�2�b�)� �c�o�m�p�a�r�e�d� �s�e�v�e�r�a�l� �r�a�t�i�n�g� �m�e�t�h�o�d�s� �t�o� �t�h�e� �o�c�t�a�v�e� 

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

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

�B�a�s�e�d� �o�n� �t�h�e� �u�n�d�e�r�e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�t�e�c�t�e�d� �l�e�v�e�l� �o�f� �t�h�e� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r� �(�7� 

�'� �d�B� �f�o�r� �h�i�g�h� �f�r�e�q�u�e�n�c�i�e�s�,� �4� �d�B� �f�o�r� �m�e�d�i�u�m� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �2� �d�B� �f�o�r� �l�o�w



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

�b�a�n�d� �m�e�t�h�o�d� �f�o�r� �a�l�l� �n�o�i�s�e�s�"� �(�L�u�n�d�i�n�.� �1�9�9�2�b�,� �6�0�)�.� 

�C�o�m�p�a�r�i�s�o�n� �t�o� �s�i�m�i�l�a�r� �m�e�t�h�o�d�s�.� �T�w�o� �a�d�d�i�t�i�o�n�a�l� �m�e�t�h�o�d�s�,� �S�N�R� �a�n�d� 

�S�L�C�g�o�,� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�o� �c�a�l�c�u�l�a�t�e� �a� �s�i�n�g�l�e�-�n�u�m�b�e�r� �r�a�t�i�n�g� �o�f� �a� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r�;� 

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

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �S�N�R� �a�n�d� �S�L�C�g�o� �i�s� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�e� �N�R�R� �(�s�u�b�t�r�a�c�t� �t�h�e� �r�a�t�i�n�g� 

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

�t�h�e� �r�a�t�i�n�g�s�.� �F�i�r�s�t�,� �b�o�t�h� �m�e�t�h�o�d�s� �o�m�i�t� �t�h�e� �3� �d�B� �s�p�e�c�t�r�a�l� �u�n�c�e�r�t�a�i�n�t�y� �s�a�f�e�t�y� �f�a�c�t�o�r� 

�u�s�e�d� �i�n�t�h�e� �N�R�R�.� �A�l�s�o�,� �t�h�e�r�e� �a�r�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n�.� �L�u�n�d�i�n� �(�1�9�9�2�a�)� �s�h�o�w�s� �t�h�a�t� �a� �v�a�r�i�e�t�y� �o�f� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �m�a�y� �b�e� 

�u�s�e�d� �f�o�r� �t�h�e� �S�N�R�,� �b�a�s�e�d� �o�n� �t�h�e� �A�P�V� �v�a�l�u�e� �(�T�h�e� �A�P�V� �c�a�l�c�u�l�a�t�i�o�n� �i�s� �d�i�s�c�u�s�s�e�d� �i�n� 

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

�d�e�v�i�a�t�i�o�n� �f�o�r� �t�h�e� �S�L�C�g�o�;� �t�h�i�s� �p�r�o�v�i�d�e�s� �a� �p�r�o�t�e�c�t�i�o�n� �r�a�t�e� �o�f� �a�b�o�u�t� �8�0�%�,� �a�n�d� �a�l�s�o� 

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

�m�e�t�h�o�d�.� �T�h�e� �l�a�s�t� �d�i�f�f�e�r�e�n�c�e� �o�c�c�u�r�s� �i�n� �t�h�e� �S�N�R� �m�e�t�h�o�d�.� �T�h�i�s� �m�e�t�h�o�d� �i�n�c�l�u�d�e�s� �6�3� 

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

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

�H�i�g�h�,� �M�e�d�i�u�m�,� �L�o�w� �(�H�M�L�)� �M�e�t�h�o�d� 

�T�h�e� �H�i�g�h�,� �M�e�d�i�u�m�,� �L�o�w� �(�H�M�L�)� �m�e�t�h�o�d� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� �l�a�t�e� �R�u�n�e� 

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

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

�t�h�e� �p�r�o�t�e�c�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �i�n� �E�u�r�o�p�e� �(�I�S�O�,� �1�9�9�2�)�.� �T�h�e� �H�M�L� �m�e�t�h�o�d� �o�f�f�e�r�s� �a�n� 

�a�l�t�e�r�n�a�t�i�v�e� �r�a�t�i�n�g�,� �c�a�l�l�e�d� �t�h�e� �P�r�e�d�i�c�t�e�d� �N�o�i�s�e� �l�e�v�e�l� �R�e�d�u�c�t�i�o�n� �(�P�N�R�)� �i�n� �d�B�,� �t�o� �t�h�e� 

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

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

�f�r�e�q�u�e�n�c�i�e�s�.� 

�C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �H�M�L� �f�r�o�m� �H�P�D� �a�t�t�e�n�u�a�t�i�o�n� �d�a�t�a�.� �A�t� �f�i�r�s�t�,� �t�h�e� 

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

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

�c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �t�h�r�e�e� �r�a�t�i�n�g�s�,� �L�u�n�d�i�n� �(�1�9�9�2�a�)� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�w�o� �i�n�i�t�i�a�l� �t�y�p�e�s� �o�f� 

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

�V�a�l�u�e�s� �(�A�P�V�¢�)� �o�f� �t�h�e� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r�.� �T�h�e� �e�i�g�h�t� �s�p�e�c�t�r�a� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �T�a�b�l�e� 

�6�;� �t�h�e� �A�P�V�s� �m�u�s�t� �b�e� �c�o�m�p�u�t�e�d�.� �L�u�n�d�i�n� �(�1�9�9�2�a�)� �s�t�a�t�e�s� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� 

�A�P�V�s� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�A�P�V�¢� �=� �M�f� �-�a�S�¢� 

�w�h�e�r�e�:� 

�f�=� �c�e�n�t�e�r� �f�r�e�q�u�e�n�c�y� �f�o�r� �t�h�e� �o�c�t�a�v�e� �b�a�n�d�:� �6�3�,� �1�2�5�,� 

�2�5�0�,� �5�0�0�,� �1�0�0�0�,� �2�0�0�0�,� �4�0�0�0�,� �8�0�0�0� 

�M�f�=� �m�e�a�n� �a�t�t�e�n�u�a�t�i�o�n� �(�r�e�f�.�:� �I�S�O� �4�8�6�9�-�1�,� �1�9�8�1�)� 

�S�f�=� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �(�r�e�f�.�:� �S�O� �4�8�6�9�-�1�,� �1�9�8�1�)� 

�a�=� �c�o�n�s�t�a�n�t� 

�T�h�e� �v�a�l�u�e�s� �f�o�r� �a� �a�r�e� �f�o�u�n�d� �i�n� �T�a�b�l�e� �7�.� �L�u�n�d�i�n� �(�1�9�9�2�a�)� �e�x�p�l�a�i�n�s� �t�h�a�t� �t�h�e� �v�a�l�u�e�s� 

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

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

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

�e�q�u�a�l� �t�o� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� �p�r�e�d�i�c�t�e�d� �v�a�l�u�e�.�.�.�A� �s�i�t�u�a�t�i�o�n� �1�s� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �a� 

�p�a�r�t�i�c�u�l�a�r� �i�n�d�i�v�i�d�u�a�l� �w�e�a�r�i�n�g� �a� �g�i�v�e�n� �(�H�P�D�]� �i�n� �a� �s�p�e�c�i�f�i�c� �n�o�i�s�e� �e�n�v�i�r�o�n�m�e�n�t�"� 

�(�L�u�n�d�i�n�,� �1�9�9�2�a�,� �p�.� �1�)�.� 
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�T�A�B�L�E� �6� 

�A�-�W�e�i�g�h�t�e�d� �O�c�t�a�v�e� �B�a�n�d� �S�P�L�s�,� �L�A�f�i�,� �o�f� �E�i�g�h�t� �R�e�f�e�r�e�n�c�e� �N�o�i�s�e�s� �U�s�e�d� �i�n� �t�h�e� 
�C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �H�,� �M�,� �a�n�d� �L� �R�a�t�i�n�g�s� �(�F�r�o�m� �L�u�n�d�i�n�,� �1�9�9�2�a�)�.� 
� � 
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�T�A�B�L�E� �7�¢� 

�V�a�l�u�e�s� �f�o�r� �C�a�l�c�u�l�a�t�i�o�n� �C�o�n�s�t�a�n�t� �a� �t�o� �b�e� �U�s�e�d� �i�n� �C�a�l�c�u�l�a�t�i�n�g� �t�h�e� �A�s�s�u�m�e�d� 
�P�r�o�t�e�c�t�i�o�n� �V�a�l�u�e� �(�A�P�V�)�.� 
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�A�f�t�e�r� �t�h�e�s�e� �i�n�i�t�i�a�l� �v�a�l�u�e�s� �a�r�e� �o�b�t�a�i�n�e�d�,� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �H�.� �M�.� �a�a�d� �L� 

�v�a�l�u�e�s� �m�a�y� �b�e�g�i�n�.� �L�u�n�d�i�n� �(�1�9�9�2�a�)� �p�r�o�v�i�d�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�s� �f�o�r� �t�h�e�s�e� 

�c�a�l�c�u�l�a�t�i�o�n�s�:� 

�H� �=� �0�.�2�5�>�)� �P�N�R�j� �-� �0�.�4�8�%�)� �d�i�(�P�N�R�i�)� �[�S�u�m�m�a�t�i�o�n�:� �i� �=� �1�.�.�.�4�]� 
�M� �=� �0�.�2�5�)�;� �P�N�R�j� �-� �0�.�1�6� �d�i�(�P�N�R�i�)� �[�S�u�m�m�a�t�i�o�n�:� �i� �=� �5�.�.�.�8�]� 
�L� �=� �0�.�2�5�)� �P�N�R�j� �+� �0�.�2�3�4� �d�i�(�P�N�R�i�)� �[�S�u�m�m�a�t�i�o�n�:� �i� �=� �5�.�.�.�8�]� 

�w�h�e�r�e�:� 

�P�N�R�j� �=� �1�0�0� �-� �1�0�l�o�g� �5�1�0� �(�0�-�1�(�L�a�g� �A�P�Y�)� �[�S�u�m�m�a�t�i�o�n�:� �f� �=� �6�3�.�.�.�8�0�0�0� �H�z�]� 

�L�A�f�j� �a�n�d� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �c�o�n�s�t�a�n�t�,� �d�j�,� �{�i� �i�s� �t�h�e� �r�e�f�e�r�e�n�c�e� �e�q�u�a�t�i�o�n� �n�u�m�b�e�r�)� �a�r�e� �i�n� 

�T�a�b�l�e� �6�.� �C�a�r�e�f�u�l� �c�a�l�c�u�l�a�t�i�o�n� �u�s�i�n�g� �t�h�e�s�e� �f�o�r�m�u�l�a�e� �w�i�l�l� �r�e�s�u�l�t� �i�n� �t�h�e� �H�,� �M�,� �a�n�d� �L� 

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

�U�s�i�n�g� �t�h�e� �H�M�L� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�r�o�t�e�c�t�e�d� �n�o�i�s�e� �l�e�v�e�l�.� �T�h�e� 

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

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

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

�p�l�o�t�s� �t�h�e� �b�i�-�l�i�n�e�a�r� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �t�h�e� �H�,� �M�,� �a�n�d� �L� �v�a�l�u�e�s�.� �B�e�h�a�r� �(�1�9�9�0�)� �s�t�a�t�e�s� �t�h�a�t� 

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

�l�e�v�e�l�s� �o�n� �t�h�e� �X�-�a�x�i�s�,� �a�n�d� �t�h�e� �P�N�R� �o�n� �t�h�e� �Y�-�a�x�i�s�)�,� �H�,� �i�n� �P�N�R�,� �i�s� �p�l�o�t�t�e�d� �i�n� �r�e�l�a�t�i�o�n� 

�t�o� �t�h�e� �X� �c�o�o�r�d�i�n�a�t�e� �m�a�r�k�e�d� �-�2�;� �M� �a�t� �+�2�;� �a�n�d� �L� �a�t� �+�1�0�.� �T�h�e�s�e� �p�o�i�n�t�s� �a�r�e� �t�h�e�n� 

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

�t�h�e� �A�-� �a�n�d� �C�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s� �(�L�A� �a�n�d� �L�C�)� �i�n� �t�h�e� �n�o�i�s�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

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

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

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

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

�3�4



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

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

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

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

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

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

�e�n�v�i�r�o�n�m�e�n�t�.� �T�h�a�t� �i�s�,� �L�A�'�=� �L�a� �-� �P�N�R�,� �w�h�e�r�e� �L�A �� �i�s� �t�h�e� �p�r�o�t�e�c�t�e�d� �A�-�w�e�i�g�h�t�e�d� 

�n�o�i�s�e� �l�e�v�e�l�.� 

�T�h�e� �s�e�c�o�n�d� �m�e�t�h�o�d� �u�s�i�n�g� �t�h�e� �H�M�L� �i�s� �a�n�a�l�y�t�i�c�a�l�,� �b�u�t� �s�u�p�p�l�i�e�s� �t�h�e� �s�a�m�e� 

�P�N�R� �v�a�l�u�e�;� �a�g�a�i�n�,� �B�e�h�a�r� �(�1�9�9�0�)� �d�e�t�a�i�l�s� �t�h�e� �p�r�o�c�e�d�u�r�e�.� �T�h�i�s� �m�e�t�h�o�d� �b�e�g�i�n�s� �b�y� 

�m�e�a�s�u�r�i�n�g� �t�h�e� �A�-� �a�n�d� �C�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s�.� �T�h�e� �A�-�w�e�i�g�h�t�e�d� �l�e�v�e�l� �i�s� �t�h�e�n� 

�s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �C�-�w�e�i�g�h�t�e�d� �v�a�l�u�e�.� �I�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�s� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �2� 

�d�B�,� �i�.�e�.� �(�L�C� �-� �L�A� �)� �<� �2� �G�B�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �i�s� �u�s�e�d� �t�o� �f�i�n�d� �t�h�e� �o�v�e�r�a�l�l� �P�N�R�:� 

�P�N�R� �=� �M�-� �[�(�H� �-� �M�)�/�4�]�(�L�C� �-� �L�a� �-�2�)� 

�I�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �2� �d�B� �(�i�.�e�.�,� �(�L�C� �-� �L�A�)� �>� �2� �d�B�)� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�e�q�u�a�t�i�o�n� �i�s� �u�s�e�d�:� 

�P�N�R� �=� �M� �-� �[�(�M� �-� �L�)�/�8�]�(�L�C� �-� �L�A� �-�2�)� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �v�a�l�u�e� �o�f� �2� �i�s� �t�h�e� �c�r�o�s�s�-�o�v�e�r� �p�o�i�n�t� �b�e�t�w�e�e�n� �a� �H�M� �(�h�i�g�h�-�f�r�e�q�u�e�n�c�y�-� 

�d�o�m�i�n�a�t�e�d�)� �s�p�e�c�t�r�u�m� �a�n�d� �a� �M�L� �(�l�o�w�-�f�r�e�q�u�e�n�c�y�-�d�o�m�i�n�a�t�e�d�)� �s�p�e�c�t�r�u�m�.� �I�n� �e�i�t�h�e�r� 

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

�p�r�o�t�e�c�t�e�d� �s�o�u�n�d� �l�e�v�e�l�.� �T�h�a�t� �i�s�,� �L�A�'�=� �L�A� �-� �P�N�R�,� �w�h�e�r�e� �L�a�!� �i�s� �t�h�e� �p�r�o�t�e�c�t�e�d� �A�-� 

�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�.� 

�A�d�d�i�t�i�o�n�a�l�l�y�,� �s�i�n�c�e� �t�h�e� �a�b�o�v�e� �P�N�R� �e�q�u�a�t�i�o�n�s� �a�r�e� �l�i�n�e�a�r� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� 

�t�a�b�u�l�a�r� �i�n�t�e�r�p�o�l�a�t�i�o�n� �o�f� �t�h�e� �P�N�R� �v�a�l�u�e�s� �m�a�y� �a�l�s�o� �b�e� �e�m�p�l�o�y�e�d�.� �O�n�e� �t�a�b�l�e� �o�f� 
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�P�N�R� �v�a�l�u�e�s� �c�a�n� �b�e� �c�o�n�s�t�r�u�c�t�e�d� �f�o�r� �L�C� �-� �L�a� �v�a�l�u�e�s� �o�f� �l�e�s�s� �t�h�a�n� �2�,� �a�n�d� �o�n�e� �f�o�r� 

�g�r�e�a�t�e�r� �t�h�a�n� �2�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �H�M�L�.� �T�h�e� �H�M�L� �i�s� �a� �r�e�l�a�t�i�v�e�l�y� �n�e�w� �m�e�t�h�o�d� �t�h�a�t� �m�e�r�i�t�s� 
� � 

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

�m�e�t�h�o�d� �a�l�r�e�a�d�y� �u�n�d�e�r� �I�S�O� �(�1�9�9�2�)�;� �h�o�w�e�v�e�r�,� �h�e�a�r�i�n�g� �c�o�n�s�e�r�v�a�t�i�o�n�i�s�t�s� �i�n� �t�h�e� �U�.�S�.� 

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

�N�R�R� �m�e�t�h�o�d� �a�l�r�e�a�d�y� �b�e�i�n�g� �u�t�i�l�i�z�e�d�.� �T�h�e� �q�u�e�s�t�i�o�n� �o�f� �e�a�s�e� �o�f� �u�s�e� �o�f� �t�h�e� �H�M�L� �h�a�s� 

�n�o�t� �b�e�e�n� �a�n�s�w�e�r�e�d�;� �h�o�w�e�v�e�r�,� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �t�h�e� �H�M�L� �m�e�t�h�o�d� �o�u�t�-� 

�p�e�r�f�o�r�m�s� �t�h�e� �N�R�R� �m�e�t�h�o�d� �(�B�e�h�a�r�,� �1�9�9�0�)� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y� 

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

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

�w�h�i�l�e� �b�e�i�n�g� �t�o�o� �c�o�m�p�l�i�c�a�t�e�d� �t�o� �a�p�p�l�y� �i�n� �t�h�e� �f�i�e�l�d� �(�L�u�n�d�i�n�,� �1�9�9�2�a�,� �1�9�9�2�b�)�.� �A�l�s�o�,� �i�t� 

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

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

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

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

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

�d�e�t�e�r�m�i�n�a�t�i�o�n� �i�n� �t�h�e� �U�.�S�.�.� �.� 

�H�M�L�-�Q�u�i�c�k�y�.� �A� �p�r�o�b�l�e�m� �m�a�y� �a�r�i�s�e� �w�i�t�h� �t�h�e� �H�M�L� �m�e�t�h�o�d� �i�n� �t�h�a�t� �C�-� �a�n�d� 

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

�T�h�e� �H�M�L�-�Q�u�i�c�k�y� �i�s� �a� �q�u�a�l�i�t�a�t�i�v�e� �a�s�s�e�s�s�m�e�n�t� �m�e�t�h�o�d� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �i�f� �a� 

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

�e�n�v�i�r�o�n�m�e�n�t�.� �P�e�l�t�o�r� �(�1�9�9�3�)� �p�r�o�v�i�d�e�s� �t�h�e� �w�r�i�t�t�e�n� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �p�e�r�f�o�r�m�i�n�g� �t�h�i�s� 

�m�e�t�h�o�d�.� �T�h�e�s�e� �i�n�s�t�r�u�c�t�i�o�n�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �a�s� �f�o�l�l�o�w�s�:� 
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�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n� �f�i�n�d�i�n�g� �t�h�e� �H�M�L�-�Q�u�i�c�k�y� �i�s� �t�o� �g�a�t�h�e�r� �s�o�m�e� 

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

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

�w�i�l�l� �b�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �L�g�.� �A�l�s�o� �n�e�e�d�e�d� �i�s� �t�h�e� �d�e�s�i�r�e�d� �A�-� 

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

�a�s� �L�a�'�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �p�r�e�l�i�m�i�n�a�r�y� �i�n�f�o�r�m�a�t�i�o�n� �a�r�e� �t�h�e� �H�,� �M�,� 

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

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

�C�a�l�c�u�l�a�t�e� �t�h�e� �P�r�e�d�i�c�t�e�d� �N�o�i�s�e� �L�e�v�e�l� �R�e�d�u�c�t�i�o�n� �(�P�N�R�)� �t�h�a�t� 

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

�f�r�o�m� �L�g�.� �T�h�a�t� �i�s�,� �P�N�R� �=�L�g� �-� �L�A ��.� 

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

�T�h�r�e�e� �o�u�t�c�o�m�e�s� �a�r�e� �p�o�s�s�i�b�l�e�:� 

�A�.� �I�f� �t�h�e� �P�N�R� �i�s� �e�q�u�a�l� �t�o� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e� 

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

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

�B�.� �I�f� �t�h�e� �P�N�R� �i�s� �m�o�r�e� �t�h�a�n� �t�h�e� �l�a�r�g�e�s�t� �v�a�l�u�e� �o�f� �t�h�e� �H�,� �M�,� 

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

�i�n� �t�h�e� �n�o�i�s�e� �e�n�v�i�r�o�n�m�e�n�t�;� �a�n�o�t�h�e�r� �h�e�a�r�i�n�g� 

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

�p�r�o�c�e�d�u�r�e�.� 

�C�.� �i�f� �t�h�e� �P�N�R� �i�s� �m�o�r�e� �t�h�a�n� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e�,� �b�u�t� �e�q�u�a�l� 

�t�o� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� �l�a�r�g�e�s�t� �v�a�l�u�e�,� �g�o� �t�o� �s�t�e�p� �4�.� �|� 

�L�i�s�t�e�n� �t�o� �t�h�e� �n�o�i�s�e� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �d�e�c�i�d�e� �w�h�i�c�h� 

�s�p�e�c�t�r�a� �t�y�p�e� �i�t� �i�s�:� �e�i�t�h�e�r� �H�M� �o�r� �M�L�.� �T�a�b�l�e� �8� �l�i�s�t�s� �e�x�a�m�p�l�e�s� �o�f



�T�A�B�L�E� �8� 

�E�x�a�m�p�l�e�s� �o�f� �M�a�c�h�i�n�e�r�y� �t�h�a�t� �P�r�o�d�u�c�e� �H�M� �a�n�d� �M�L� �N�o�i�s�e� �S�p�e�c�t�r�a� �(�F�r�o�m� �P�e�l�t�o�r�,� 
�1�9�9�3�)�.� �|� 

�M�L� 

�E�x�c�a�v�a�t�o�r�s� 

�M�o�t�o�r� �g�e�n�e�r�a�t�o�r�s� 

�E�l�e�c�t�r�i�c� �s�m�e�l�t�i�n�g� �f�u�r�n�a�c�e�s� 

�I�n�c�i�n�e�r�a�t�o�r� �f�u�r�n�a�c�e�s� 

�A�n�n�e�a�l�i�n�g� �f�u�r�n�a�c�e�s� 

�B�l�a�s�t� �f�u�r�n�a�c�e�s� 

�C�r�u�s�h�e�r�s� 

�C�o�m�p�r�e�s�s�o�r�s� �(�p�i�s�t�o�n�)� 

�C�o�n�v�e�r�t�e�r�s� 

�C�u�p�o�l�a� �f�u�r�n�a�c�e�s� 

�P�r�e�s�s� �f�o�r�g�e�s� 

�B�u�l�i�d�o�z�e�r�s� 

�S�a�n�d�b�l�a�s�t�i�n�g� �e�q�u�i�p�m�e�n�t� 

�H�M� 

�G�a�s� �c�u�t�t�i�n�g� 

�S�u�g�a�r�-�c�o�a�t�i�n�g� �e�q�u�i�p�m�e�n�t� 

�C�o�m�p�r�e�s�s�e�d� �a�i�r� �n�o�z�z�l�e�s� 

�P�o�w�e�r� �h�a�m�m�e�r�s� 

�R�e�b�a�t�i�n�g� �e�q�u�i�p�m�e�n�t� 

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

�P�o�l�i�s�h�i�n�g� �o�f� �c�a�s�t�i�n�g�s� 

�C�a�r�p�e�n�t�r�y� �m�a�c�h�i�n�e�s� 

�H�y�d�r�a�u�l�i�c� �p�u�m�p�s� 

�H�i�g�h� �p�r�e�s�s�u�r�e� �c�o�n�v�e�y�o�r�-�f�e�d� 

�r�o�t�a�r�y� �p�r�e�s�s�e�s� 

�C�e�n�t�r�i�f�u�g�e�s� 

�I�n�j�e�c�t�i�o�n� �m�o�l�d�i�n�g� �m�a�c�h�i�n�e�r�y� 

�G�r�i�n�d�i�n�g� �m�a�c�h�i�n�e�s� 

�S�p�i�n�n�i�n�g� �m�a�c�h�i�n�e�s� 

�C�r�o�c�h�e�t�i�n�g�/�k�n�i�t�t�i�n�g� �m�a�c�h�i�n�e�r�y� 

�B�o�r�e� �p�o�l�i�s�h�i�n�g� �m�a�c�h�i�n�e�r�y� 

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

�c�l�a�s�s�e�s�.� 

�I�f� �t�h�e� �n�o�i�s�e� �s�p�e�c�t�r�a� �i�s� �p�e�r�c�e�i�v�e�d� �a�s� �H�M�,� �g�o� �t�o� �s�t�e�p� �6�.� �I�f� �t�h�e� 

�n�o�i�s�e� �s�p�e�c�t�r�a� �i�s� �p�e�r�c�e�i�v�e�d� �a�s� �M�L�,� �g�o� �t�o� �s�t�e�p� �7�.� 

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

�t�h�e� �p�a�c�k�a�g�e� �a�n�d� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �P�N�R�.� �A�g�a�i�n�,� �t�h�r�e�e� 

�o�u�t�c�o�m�e�s� �a�r�e� �p�o�s�s�i�b�l�e�:� 

�A�.� �I�f� �t�h�e� �P�N�R� �i�s� �e�q�u�a�l� �t�o� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e� 

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

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

�B�.� �I�f� �t�h�e� �P�N�R� �i�s� �m�o�r�e� �t�h�a�n� �t�h�e� �l�a�r�g�e�s�t� �v�a�l�u�e� �o�f� �t�h�e� �H� �a�n�d� 

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

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

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

�C�.� �I�f� �t�h�e� �P�N�R� �i�s� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e� �o�f� �t�h�e� �H� 

�a�n�d� �M� �v�a�l�u�e�s�,� �b�u�t� �e�q�u�a�l� �t�o� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� �l�a�r�g�e�s�t� 

�v�a�l�u�e�,� �t�h�e�n� �t�h�e� �H�M�L�-�Q�u�i�c�k�y� �m�e�t�h�o�d� �i�s� �i�n�c�o�n�c�l�u�s�i�v�e�;� 

�u�s�e� �o�f� �t�h�e� �f�u�l�l� �H�M�L� �m�e�t�h�o�d� �i�s� �r�e�q�u�i�r�e�d�.� 

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

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

�a�r�e� �p�o�s�s�i�b�l�e�.� 

�A�.� �I�f� �t�h�e� �P�N�R� �i�s� �e�q�u�a�l� �t�o� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e� 

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

�a�d�e�q�u�a�t�e� �t�o� �b�e� �u�s�e�d� �i�n� �t�h�e� �n�o�i�s�e� �e�n�v�i�r�o�n�m�e�n�t�.� 
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�B�.� �I�f� �t�h�e� �P�N�R� �i�s� �m�o�r�e� �t�h�a�n� �t�h�e� �l�a�r�g�e�s�t� �v�a�l�u�e� �o�f� �t�h�e� �M� �a�n�d� 

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

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

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

�C�.� �l�f� �t�h�e� �P�N�R� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �s�m�a�l�l�e�s�t� �v�a�l�u�e�,� �b�u�t� 

�e�q�u�a�l� �t�o� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� �l�a�r�g�e�s�t� �v�a�l�u�e� �o�f� �t�h�e� �M� �a�n�d� �L� 

�v�a�l�u�e�s�,� �t�h�e�n� �t�h�e� �H�M�L�-�Q�u�i�c�k�y� �m�e�t�h�o�d� �i�s� �i�n�c�o�n�c�l�u�s�i�v�e�;� 

�u�s�e� �o�f� �t�h�e� �f�u�l�l� �H�M�L� �m�e�t�h�o�d� �i�s� �r�e�q�u�i�r�e�d�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n�,� �t�h�e� �H�M�L�-�Q�u�i�c�k�y� �m�e�t�h�o�d� �f�u�n�d�a�m�e�n�t�a�l�l�y� �r�e�l�i�e�s� �u�p�o�n� �a�n� 

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

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

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

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

�S�t�e�v�e�n�s� �a�n�d� �V�o�l�k�m�a�n�n� �(�1�9�4�0�)� �a�n�d� �T�o�r�g�e�r�s�o�n� �(�1�9�5�8�)�,� �n�o�t� �o�f� �c�o�m�p�l�e�x� �b�r�o�a�d�b�a�n�d� 

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

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

�K�r�y�t�e�r� �(�1�9�7�2�)� �e�x�p�l�a�i�n�s� �t�h�a�t� �t�h�e�r�e� �a�r�e� �d�i�f�f�e�r�e�n�t� �s�p�e�c�t�r�a� �t�h�a�t� �c�o�m�p�r�i�s�e� �e�a�c�h� 

�i�n�d�i�v�i�d�u�a�l�'�s� �s�p�e�e�c�h�;� �f�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �p�o�w�e�r� �o�f� �a� �m�a�l�e�'�s� �s�p�e�e�c�h� �s�p�e�c�t�r�u�m� �i�s� 

�g�e�n�e�r�a�l�l�y� �i�n� �t�h�e� �l�o�w�e�r� �f�r�e�q�u�e�n�c�i�e�s� �w�h�i�l�e� �t�h�e� �p�o�w�e�r� �o�f� �a� �f�e�m�a�l�e�'�s� �s�p�e�e�c�h� �s�p�e�c�t�r�u�m� 

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

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

�m�a�l�e� �v�o�i�c�e� �f�r�o�m� �a� �f�e�m�a�l�e� �v�o�i�c�e�.� 

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

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

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

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

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

�W�h�e�n� �w�o�r�k�e�r�s� �c�a�n�n�o�t� �u�n�d�e�r�s�t�a�n�d� �s�p�e�e�c�h� �w�h�i�l�e� �w�e�a�r�i�n�g� �H�P�D�'�s�,� �t�h�e�y� �a�r�e� �i�n�c�l�i�n�e�d� 

�t�o� �r�e�m�o�v�e� �t�h�e�m�,� �t�h�u�s� �n�u�l�l�i�f�y�i�n�g� �a�n�y� �p�r�o�t�e�c�t�i�o�n�.� 
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�I�N�S�T�R�U�C�T�I�O�N� �D�E�S�I�G�N�:� �A� �B�R�I�E�F� �R�E�V�I�E�W� �O�F� �T�H�E� �L�I�T�E�R�A�T�U�R�E� 

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

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

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

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

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

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

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

�F�r�i�e�s�e�n� �(�1�9�7�3�)� �p�o�i�n�t�s� �o�u�t� �t�w�o� �g�e�n�e�r�a�l� �m�o�d�e�l�s� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

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

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

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

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

�e�f�f�e�c�t�i�v�e�.� �A�n�d�r�e�w�s� �a�n�d� �G�o�o�d�s�o�n� �(�1�9�8�0�,� �p�.� �2�-�3�)� �c�i�t�e� �H�a�y�m�a�n� �(�1�9�7�4�)� �a�n�d� �L�o�g�a�n� 

�(�1�9�7�6�)� �w�h�e�n� �p�r�e�s�e�n�t�i�n�g� �t�h�e�i�r� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �m�o�d�e�l� �o�f� �s�y�s�t�e�m�a�t�i�c� �i�n�s�t�r�u�c�t�i�o�n�a�l� 

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

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

�r�e�f�e�r�e�n�t� �s�y�s�t�e�m�.�"� �A�n�d�r�e�w�s� �a�n�d� �G�o�o�d�s�o�n� �(�1�9�8�0�)� �c�o�n�t�i�n�u�e� �o�n� �w�i�t�h� �p�r�o�v�i�d�i�n�g� �f�o�u�r� 

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

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

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

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

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

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

�4�2



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

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

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

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

�I�n� �r�e�f�e�r�e�n�c�e� �t�o� �t�h�e�s�e� �f�o�u�r� �p�u�r�p�o�s�e�s�,� �G�r�o�p�p�e�r� �(�1�9�7�7�)� �d�e�v�i�s�e�d� �t�e�n� �c�o�m�m�o�n� �t�a�s�k�s� 

�w�h�i�c�h� �a�l�l� �m�o�d�e�l�s� �o�f� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�i�g�n� �e�x�h�i�b�i�t�;� �A�n�d�r�e�w�s� �a�n�d� �G�o�o�d�s�o�n� �(�1�9�8�0�)� 

�e�x�p�a�n�d� �t�h�e� �l�i�s�t� �t�o� �1�4� �t�a�s�k�s�.� �T�h�i�s� �l�i�s�t� �i�s� �f�o�u�n�d� �i�n� �T�a�b�l�e� �9�;� �t�h�e� �a�u�t�h�o�r�s� �c�o�n�t�i�n�u�e� �b�y� 

�e�v�a�l�u�a�t�i�n�g� �4�0� �w�e�l�l�-�k�n�o�w�n� �m�o�d�e�l�s� �o�f� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�i�g�n� �f�o�r� �t�h�e�s�e� �1�4� �t�a�s�k�s�,� �a�n�d� 

�s�u�m�m�a�r�i�z�e� �t�h�e�m� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�0�.� �A�n�d�r�e�w�s� �a�n�d� �G�o�o�d�s�o�n� �(�1�9�8�0�)� �a�l�s�o� �p�o�i�n�t� 

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

�i�s� �e�m�b�e�d�d�e�d� �i�n� �t�h�e�  ��n�o�t�-�i�n�v�e�n�t�e�d�-�h�e�r�e �� �s�y�n�d�r�o�m�e�"� �(�p�.�1�2�)�.� �T�h�a�t� �i�s�,� �d�e�v�e�l�o�p�e�r�s� �d�o� 

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

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

�S�e�l�e�c�t�i�o�n� �o�f� �I�n�s�t�r�u�c�t�i�o�n�a�l� �M�o�d�e�l� 

�O�f� �t�h�e� �4�0� �p�r�e�v�i�o�u�s�l�y�-�m�e�n�t�i�o�n�e�d� �m�o�d�e�l�s� �o�f� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� �t�h�e� 

�u�p�d�a�t�e�d� �e�d�i�t�i�o�n� �(�3�r�d�)� �o�f� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �h�a�s� �b�e�e�n� �s�e�l�e�c�t�e�d� �t�o� �b�e� �t�h�e� 

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

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

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

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

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

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

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

�4�3



�T�A�B�L�E� �9� 

�S�u�m�m�a�r�y� �o�f� �t�h�e� �1�4� �T�a�s�k�s� �I�n�c�l�u�d�e�d� �i�n� �M�o�d�e�l�s� �o�f� �t�n�s�t�t�u�c�t�o�n�a�l� �D�e�s�i�g�n� �(�F�r�o�m� 
�A�n�d�r�e�w�s� �a�n�d� �G�o�o�d�s�o�n�,� �1�9�8�0�)� 

� � 
� � 

�T�a�s�k� �N�u�m�b�e�r� �D�e�f�i�n�i�t�i�o�n� 

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

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

�3� �A�n�a�l�y�s�i�s� �o�f� �g�o�a�l�s� �a�n�d� �s�u�b�g�o�a�l�s� �f�o�r� �t�y�p�e�s� �o�f� �s�k�i�l�l�s�/�l�e�a�r�n�i�n�g� �r�e�q�u�i�r�e�d� 

�4� �S�e�q�u�e�n�c�i�n�g� �o�f� �g�o�a�l�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �l�e�a�r�n�i�n�g� 

�5� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �l�e�a�r�n�e�r� �p�o�p�u�l�a�t�i�o�n�  ��a�s� �t�o� �a�g�e�,� �g�r�a�d�e� �l�e�v�e�l�,� 
�p�a�s�t� �l�e�a�r�n�i�n�g� �h�i�s�t�o�r�y�,� �s�p�e�c�i�a�l� �a�p�t�i�t�u�d�e�s� �o�r� �d�i�s�a�b�i�l�i�t�i�e�s�,� �a�n�d�,� �n�o�t� 
�l�e�a�s�t�,� �e�s�t�i�m�a�t�e�d� �a�t�t�a�i�n�m�e�n�t� �o�f� �c�u�r�r�e�n�t� �a�n�d� �p�r�e�r�e�q�u�i�s�i�t�e� �g�o�a�l�s�"� 
�(�G�r�o�p�p�e�r�,� �1�9�7�7�,� �p�.� �8�)� 

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

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

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

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

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

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

�1�2� �C�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� �t�o� �i�n�s�t�r�u�c�t�i�o�n� 

�1�3� �F�o�r�m�u�l�a�t�i�o�n� �o�f� �s�y�s�t�e�m� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�e�s�c�r�i�p�t�i�o�n�s� �a�n�d� 
�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �c�o�n�s�t�r�a�i�n�t�s� 

�1�4� �C�o�s�t�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�a�l� �p�r�o�g�r�a�m�s� 

�4�4



�T�A�B�L�E� �1�0� 
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�i�n�c�l�u�d�e�d�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �a�l�s�o� �s�t�r�e�s�s� �t�h�a�t� �t�h�i�s� �s�t�a�g�e� �o�f� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� 

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

�n�e�c�e�s�s�a�r�y�.� 
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 �� �(�  �� �t� �(� 

�C�o�n�d�u�c�t� �t� �t� �t� �i� �|� 
�f�a�s�t�r�u�c�t�i�o�n�a�l� �(� �+� �|� �4� �{� 
�A�n�s�t�y�s�i�s� �r� �¢�¥� �+� �a� 

�W�r�i�t�e� �C�r�i�t�e�r�i�e�e�-� �D�e�v�e�l�o�p� �s�a�d� �S�e�t� �C�o�n�d�e�c�t� 
�P�e�r�t�o�r�m�e�n�c�e� �R�e�f�e�r�e�n�c�e�d� �f�a�s�t�r�u�c�t�i�o�a�s�l�!� �'� �i�o�n�a�l� �f� �.� 

�O�b�d�j�e�c�t�i�v�e�s� �T�e�s�t� �&� �S�t�r�a�t�e�g�y� �M�a�t�e�r�i�a�l�s� �E�v�a�l�u�a�t�i� 

�.� �¥� �1� 

�E�a�t�r�y� �B�e�h�a�v�i�o�r�s�,� 
�{� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�t�o�o� �]� � � 

� � 

� � 

�F�i�g�u�r�e� �5�.� �M�o�d�e�l� �f�o�r� �t�h�e� �s�y�s�t�e�m�a�t�i�c� �d�e�s�i�g�n� �o�f� �i�n�s�t�r�u�c�t�i�o�n�s� �(� �A�d�a�p�t�e�d� �f�r�o�m� �D�i�c�k� 

�a�n�d� �C�a�r�e�y�,� �1�9�9�0�)�.� 
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�C�o�n�d�u�c�t� �a�n� �i�n�s�t�r�u�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s�.� �T�h�i�s� �s�t�e�p� �o�f� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�i�g�n� 

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

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

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

�d�e�s�c�r�i�b�e�d� �b�y� �G�a�g�n�e� �(�1�9�8�5�)� �a�s� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�1�.� �P�s�y�c�h�o�m�o�t�o�r� �S�k�i�l�l�s�.� �I�n� �t�h�i�s� �d�o�m�a�i�n�,� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� �g�o�a�l� 

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

�a�c�t�i�o�n� �t�o� �f�u�l�f�i�l�l� �t�h�e� �g�o�a�l�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �p�r�o�v�i�d�e� �a�n� 

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

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

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

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

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

�m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �s�y�m�b�o�l�s�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �p�r�o�v�i�d�e� �a�n� 

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

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

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

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

�(�1�9�9�0�)� �p�r�o�v�i�d�e� �a�n� �e�x�a�m�p�l�e� �o�f� �l�e�a�r�n�i�n�g� �t�o� �n�a�m�e� �t�h�e� �c�a�p�i�t�o�l� 

�c�i�t�i�e�s� �o�f� �t�h�e� �5�0� �s�t�a�t�e�s�.� 

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

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

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

�i�n�d�i�v�i�d�u�a�l�'�s� �p�e�r�s�o�n�a�l� �b�e�l�i�e�f�s�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �p�r�o�v�i�d�e� 
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�a�n� �e�x�a�m�p�l�e� �o�f� �w�o�r�k�e�r�s� �c�h�o�o�s�i�n�g� �t�o� �b�e�c�o�m�e� �g�o�o�d� 

�e�m�p�l�o�y�e�e�s�.� 

�D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �s�t�r�e�s�s� �t�h�a�t� �t�h�e� �g�o�a�l� �a�n�a�l�y�s�i�s� �s�h�o�u�l�d� �b�e� �f�o�c�u�s�e�d� �o�n� 

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

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

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

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

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

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

�a�n�a�l�y�z�e�d� �a�n�d� �t�h�e� �s�u�b�o�r�d�i�n�a�t�e� �s�k�i�l�l�s� �i�d�e�n�t�i�f�i�e�d�,� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �e�x�p�l�a�i�n� �t�h�a�t� 

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

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

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

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

�D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �s�t�a�t�e� �t�h�a�t� �a�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �t�o� �t�h�e� �d�e�s�i�g�n� �o�f� 

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

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

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

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

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

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

�d�e�s�i�g�n�,� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�b�j�e�c�t�i�v�e�s� �w�i�l�l� �b�e� �e�s�t�a�b�l�i�s�h�e�d�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� 

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

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

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

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

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

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

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

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

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

�I�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �c�a�n� �b�e� �c�o�m�b�i�n�e�d� �i�n�t�o� �o�n�e� �s�t�a�t�e�m�e�n�t� �i�n� �t�h�e� 

�i�n�s�t�r�u�c�t�i�o�n� �d�e�s�i�g�n�.� 

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

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

�s�u�b�j�e�c�t�'�s� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�b�j�e�c�t�i�v�e�;� �t�h�e�s�e� �t�e�s�t�s� �a�r�e� �r�e�f�e�r�r�e�d� �t�o� 

�a�s� �c�r�i�t�e�r�i�o�n�-�r�e�f�e�r�e�n�c�e�d� �t�e�s�t�s�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �d�e�s�c�r�i�b�e� �t�h�e� �t�h�r�e�e� �t�y�p�e�s� �o�f� 

�c�r�i�t�e�r�i�o�n�-�r�e�f�e�r�e�n�c�e�d� �t�e�s�t�s� �a�s� �f�o�l�l�o�w�s�:� 

�1�.� �P�r�e�t�e�s�t�.� �T�h�i�s� �t�e�s�t� �e�v�a�l�u�a�t�e�s� �a� �s�u�b�j�e�c�t�'�s� �e�n�t�r�y� �b�e�h�a�v�i�o�r�s� �a�n�d� 

� � 

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

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

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

�(�1�9�9�0�)� �a�l�s�o� �e�x�p�l�a�i�n� �t�h�a�t� �a� �p�r�e�t�e�s�t� �c�a�n� �b�e� �u�s�e�d� �a�s� �a� �b�a�s�e�l�i�n�e� 

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

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

�c�a�n� �b�e� �m�a�d�e�.� 

�E�m�b�e�d�d�e�d� �T�e�s�t�s�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �d�e�s�c�r�i�b�e� �t�h�e�s�e� 

�t�y�p�e�s� �o�f� �t�e�s�t�s� �a�s� �"�a� �p�r�a�c�t�i�c�e� �i�t�e�m� �w�i�t�h� �n�o� �f�e�e�d�b�a�c�k�"� �(�p�.� �1�2�6�)�.� 

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

�5�0



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

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

�P�o�s�t�t�e�s�t�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �t�e�s�t� �i�s� �t�o� �e�v�a�l�u�a�t�e� �i�f� �t�h�e� 

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

�a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �e�x�p�l�a�i�n� �t�h�a�t� �i�f� �t�h�e� �s�u�b�j�e�c�t� �f�a�i�l�e�d� �t�o� �f�u�l�f�i�l�l� �t�h�e� 

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

�d�e�t�e�r�m�i�n�e� �w�h�y� �a�n�d� �h�o�w�.� 

�D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �s�t�a�t�e� �t�h�a�t� �a�l�l� �t�h�r�e�e� �o�f� �t�h�e�s�e� �t�y�p�e�s� �o�f� �t�e�s�t�s� �s�h�o�u�l�d� �b�e� 

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

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

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

�n�o�t� �t�h�e� �m�e�d�i�a� �u�s�e�d�,� �b�u�t� �t�h�e� �o�r�d�e�r� �o�f� �i�n�f�o�r�m�a�t�i�o�n�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �e�x�p�l�a�i�n� 

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

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

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

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

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

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

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

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

�t�e�s�t�s� �t�h�e� �s�u�b�j�e�c�t� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �h�e�/�s�h�e� �e�x�h�i�b�i�t�s� �t�h�e� �e�n�t�r�y� 

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

�I�n�f�o�r�m�a�t�i�o�n� �P�r�e�s�e�n�t�a�t�i�o�n�.� �F�i�r�s�t�,� �t�h�e� �o�r�d�e�r� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� 

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

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



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

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

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

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

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

�3�.� �s�t�u�d�e�n�t� �P�a�r�t�i�c�i�p�a�t�i�o�n�.� �A�t� �t�h�i�s� �s�t�a�g�e� �o�f� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n� 

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

�D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �e�x�p�l�a�i�n� �t�h�a�t� �f�e�e�d�b�a�c�k� �i�s� �e�s�s�e�n�t�i�a�l� �a�t� 

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

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

�4�.� �T�e�s�t�i�n�g�.� �T�h�i�s� �s�e�c�t�i�o�n� �r�e�f�e�r�s� �t�o� �t�h�e� �c�r�i�t�e�r�i�o�n�-�r�e�f�e�r�e�n�c�e�d� �t�e�s�t�s� 

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

�5�.�  �� �E�o�l�l�o�w�-�T�h�r�o�u�g�h� �A�c�t�i�v�i�t�i�e�s�.� �A�f�t�e�r� �t�h�e� �s�u�b�j�e�c�t� �c�o�m�p�l�e�t�e�s� �t�h�e� 

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

�a�v�a�i�l�a�b�l�e�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �r�e�c�o�m�m�e�n�d� �p�r�o�v�i�d�i�n�g� 

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

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

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

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

�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �i�n�s�t�r�u�c�t�i�o�n�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �p�r�o�v�i�d�e� �a� �s�e�t� �o�f� �s�t�e�p�-�b�y�-�s�t�e�p� 

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

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

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

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

�9�2



 ��i�n�s�t�r�u�c�t�i�o�n�s�.� �R�e�i�s�e�r� �a�n�d� �G�a�g�n�e� �(�1�9�8�3�)� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a�n� �a�l�g�o�r�i�t�h�m� �f�o�r� �t�h�e� 

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

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

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

�e�v�a�l�u�a�t�i�o�n�,� �a�n�d� �b�a�s�i�s� �f�o�r� �r�e�v�i�s�i�o�n�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� �e�x�p�l�a�i�n� �t�h�e� �t�h�r�e�e� 

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

�1�.� �O�n�e�-�t�o�-�O�n�e� �E�v�a�l�u�a�t�i�o�n�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �p�h�a�s�e� �i�s� �t�o� 

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

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

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

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

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

�S�m�a�i�l�-�G�r�o�u�p� �E�v�a�l�u�a�t�i�o�n�.� �A� �t�w�o�-�f�o�l�d� �p�u�r�p�o�s�e� �e�x�i�s�t�s� �f�o�r� �t�h�i�s� 

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

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

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

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

�d�e�s�i�g�n�e�r�.� �I�d�e�a�l�l�y�,� �8� �t�o� �2�0� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�u�b�j�e�c�t�s� �s�h�o�u�l�d� �b�e� 

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

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

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

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

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

�t�h�e� �s�i�t�e� �o�f� �t�h�e� �a�c�t�u�a�l� �e�x�p�e�r�i�m�e�n�t�.� �S�u�b�j�e�c�t� �a�v�a�i�l�a�b�i�l�i�t�y� �i�s� �t�h�e
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�c�l� �C�2� �C�3� �C�A� �c�s� 
�P�o�r�t�a�b�l�e� �E�q�u�o�.� �(�+�!� �C�o�m�p�u�t�e�r� �M�o�t�i�o�n� �P�i�c�t�u�r�e� �F�i�m�s�t�i�p� �A�u�d�i�o� 
�T�e�a�w�u�n�g� �D�e�w�c�e� �1�+�!� �P�r�o�g�r�a�m�m�e�d� �T�e�x�t� �S�k�d�e�f�l�a�p�e� �M�o�t�i�o�n� �P�r�c�t�u�r�e� �P�r�e�n�e�d� �T�e�x�t� 

�k�n�e�r�a�c�t�v�e� �T�V� �T�V� �C�a�s�s�e�t�t�e� �P�r�i�n�t�e�d� �T�e�x�t� �t�o�l� 

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

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

�E�a�p�l�a�n�a�t�i�o�n� �o�f� �Q�u�e�s�t�o�n�s� 

�7� �S�e�f�f� �i�n�s�t�r�u�c�t�i�o�n�?� �A�r�e� �s�t�u�d�e�n�t�s� �e�x�p�e�c�t�e�d� �t�o� �f�e�a�r�n� �b�y� �s�e�f�l�a�n�s�t�r�u�c�t�i�o�n�,� �w�i�t�h�o�u�t� �a�n� �m�s�t�r�u�c�t�o�r�?� 
�B� �R�e�a�d�e�r�s�?� �C�a�n� �t�h�e� �s�t�u�d�e�n�t�s�,� �w�i�t�h� �r�e�a�s�o�n�a�b�l�e� �e�f�f�i�c�i�e�n�c�y�,� �g�a�n� �s�f�o�r�m�a�t�i�o�n� �f�r�o�m� �p�e�n�t�e�d� �t�e�x�t�?� 
�9� �E�m�h�e�r� �a�n� �A�n�d�u�d�e� �o�f� �¥�e�r�b�a�l� �i�n�f�o�r�m�a�t�i�o�n�?� �I�s� �t�h�e� �a�m�e�n�t�h�e�r� �t�o� �i�n�f�l�u�e�n�c�e� �t�h�e� �s�t�u�d�e�n�t ��s� �v�a�l�u�e�s� �f�a�t�u�t�u�d�e�s�!� �o�r� �t�o� �h�a�v�e� �t�h�e� �s�t�u�d�e�n�t� 

�l�e�a�r�n� �t�o�  ��s�t�a�t�e �� �a�t�h�e� �t�h�a�n�  ��G�o�?� �s�o�m�e�t�h�e�n�g�?� 
�W� �M�o�t�o�r� �P�r�a�c�u�c�e� �N�e�c�e�s�s�a�r�y�?� �D�o�e�s� �t�h�e� �s�i�l� �t�o� �b�e� �l�e�a�r�n�e�d� �r�e�q�u�i�r�e� �s�m�o�o�t�h� �u�m�i�n�g� �o�f� �m�u�s�c�u�l�a�r� �m�o�v�e�m�e�n�t�s� �t�a�  ��m�o�t�o�r� �s�k�a�l�?� 
�1�1� �A�r�t�i�t�u�d�e�?� �D�o�e�s� �m�s�t�r�u�c�u�o�n� �a�n�n� �t�o� �e�n�f�i�u�e�n�c�e� �t�h�e� �s�t�u�d�e�n�t�'�s� �v�a�l�u�e�s� �o�r� �o�p�m�u�o�n�s�?� 

�1�2� �W�d� �V�e�u�s�l�s� �H�e�l�p� �R�e�c�a�l�?� �&� �4� �t�h�e�l�y� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �v�e�u�a�l�s� �w�i�l�l� �h�e�l�p� �t�h�e� �s�t�u�d�e�n�t� �e�s�t�a�b�i�s�h� �w�a�g�e�s� �t�h�a�t� �w�i�l� �a�d� �r�e�c�a�l�l� �o�f� 
�v�e�r�b�a�l� �n�l�o�r�m�e�u�o�n�?� 

�F�i�g�u�r�e� �6�.� 

�R�e�i�s�e�r� �a�n�d� �G�a�g�n�e�.� �1�9�8�3�)� 

�9�4� 
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�A�l�g�o�r�i�t�h�m� �f�o�r� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �i�n�s�t�r�u�c�t�i�o�n�a�l� �m�e�d�i�a� �(�F�r�o�m� 

� 



�'� �l�a�r�g�e�s�t� �o�b�s�t�a�c�l�e� �f�o�r� �t�h�i�s� �p�h�a�s�e� �o�f� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� 

�d�e�v�e�l�o�p�m�e�n�t�.� 

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

�t�o� �i�m�p�r�o�v�e� �o�n� �t�h�e� �o�r�i�g�i�n�a�l� �d�e�s�i�g�n� �o�f� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� 

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

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

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

�m�a�k�e�s� �D�i�c�k� �a�n�d� �C�a�r�e�y�'�s� �(�1�9�9�0�)� �p�r�o�c�e�d�u�r�e� �a� �s�y�s�t�e�m�s� �a�p�p�r�o�a�c�h�.� 

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

�i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �t�h�e� �f�o�r�m�a�t�i�v�e� �e�v�a�l�u�a�t�i�o�n�.� �D�i�c�k� �a�n�d� �C�a�r�e�y� �(�1�9�9�0�)� 

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

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

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

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

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

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

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

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

�"�p�r�o�v�i�n�g�"�,� �s�t�u�d�i�e�s�.� 

�9�5



�E�X�P�E�R�I�M�E�N�T�A�L� �M�A�T�E�R�I�A�L�S� �A�N�D� �E�Q�U�I�P�M�E�N�T� 

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

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

�S�c�r�e�e�n�i�n�g� �M�a�t�e�r�i�a�l�s� 

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

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

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

�t�o� �c�l�a�s�s�i�f�y� �a� �s�u�b�j�e�c�t� �a�s� �e�i�t�h�e�r� �N�o�v�i�c�e� �o�r� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �(�t�h�e� �t�w�o� 

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

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

�t�h�e�s�e� �t�w�o� �g�r�o�u�p�s� �w�e�r�e� �d�i�s�m�i�s�s�e�d�.� 

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

�r�e�a�d�i�n�g� �a�p�t�i�t�u�d�e�.� �S�i�n�c�e� �t�h�e� �N�R�R� �a�n�d� �H�M�L� �m�e�t�h�o�d�s� �i�n�d�i�v�i�d�u�a�l�l�y� �r�e�q�u�i�r�e� �a�t� �l�e�a�s�t� 

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

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

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

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

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

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

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

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

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

�O�f� �t�h�e� �5�2� �s�u�b�j�e�c�t�s� �s�c�r�e�e�n�e�d� �f�o�r� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�,� �o�n�l�y� �t�h�r�e�e� �w�e�r�e� �e�x�c�u�s�e�d� �b�a�s�e�d



�o�n� �m�a�t�h�e�m�a�t�i�c�a�l� �e�r�r�o�r�,� �1�1� �w�e�r�e� �e�x�c�u�s�e�d� �b�a�s�e�d� �o�n� �e�x�p�e�r�i�e�n�c�e� �(�e�i�t�h�e�r� �t�o�o� �m�u�c�h�.� 

�o�r� �t�o�o� �l�i�t�t�l�e�)�.� 

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

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

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

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

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

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

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

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

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

�a�u�d�i�o�m�e�t�e�r� �t�h�r�o�u�g�h� �e�a�r�p�h�o�n�e�s�.� �T�o�n�e�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �p�a�i�r�s� �a�t� �4�0� �d�B�H�L� �o�n� 

�t�h�e� �a�u�d�i�o�m�e�t�e�r�;� �t�h�i�s� �l�e�v�e�l� �i�s� �a� �r�o�u�g�h� �a�p�p�r�o�x�i�m�a�t�i�o�n� �o�f� �t�h�e� �4�0� �p�h�o�n� �c�u�r�v�e� �o�n� �w�h�i�c�h� 

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

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

�t�h�e� �s�c�r�e�e�n�i�n�g� �c�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �7�5�0�,� �1�0�0�0�,� �2�0�0�0�,� �4�0�0�0�,� �a�n�d� �8�0�0�0� �H�z�.� �I�f� �t�h�e� 

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

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

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

�i�n�s�t�r�u�c�t�i�o�n�a�l� �T�o�o�l�s� 

�T�h�r�e�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �N�R�R� �a�n�d� �H�M�L� 

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

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

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

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

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

�T�h�e� �b�a�s�i�s� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�e� �H�M�L� �m�e�t�h�o�d� �w�a�s� �t�h�e� �o�u�t�l�i�n�e� 

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

�H�M�L� �m�e�t�h�o�d�"�;� �t�h�i�s� �a�l�s�o� �s�e�r�v�e�d� �a�s� �t�h�e� �o�u�t�l�i�n�e� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �t�h�e� �H�M�L� �m�e�t�h�o�d� 

�(�P�e�l�t�o�r�,� �1�9�9�3�)�.� �{�t� �i�s� �w�o�r�t�h� �n�o�t�i�n�g� �t�h�a�t� �t�h�e�s�e� �i�n�s�t�r�u�c�t�i�o�n�s� �m�a�k�e� �p�r�o�v�i�s�i�o�n� �f�o�r� �t�h�e� 

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

�t�h�e� �H�M�L� �m�e�t�h�o�d� �p�r�o�d�u�c�e�d� �b�y� �P�e�l�t�o�r� �w�a�s� �a�l�s�o� �u�t�i�l�i�z�e�d� �w�i�t�h� �s�o�m�e� �m�o�d�i�f�i�c�a�t�i�o�n�.� 

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

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

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

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

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

�T�h�e� �b�a�s�i�s� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�e� �N�R�R� �m�e�t�h�o�d� �w�a�s� �t�h�e� �O�S�H�A� 

�r�e�g�u�l�a�t�i�o�n�s� �(�O�S�H�A�,� �1�9�8�3�)�.� �F�o�l�l�o�w�i�n�g� �t�h�e�s�e� �r�e�g�u�l�a�t�i�o�n�s�,� �a�n�d� �u�s�i�n�g� �t�h�e� �P�e�l�t�o�r� 

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

�f�o�r� �t�h�e� �N�R�R� �m�e�t�h�o�d� �w�e�r�e� �c�r�e�a�t�e�d�;� �a� �s�e�p�a�r�a�t�e� �s�e�t� �w�a�s� �m�a�d�e� �f�o�r� �c�a�s�e�s� �w�h�e�n� �t�h�e� 

�C�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �w�a�s� �n�o�t� �a�v�a�i�l�a�b�l�e�.� 

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

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

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

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

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

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



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

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

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

�E�x�p�e�r�i�m�e�n�t�a�l� �T�e�s�t� �P�r�o�b�l�e�m�s� 

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

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

�N�R�R� �m�e�t�h�o�d�,� �a�n�d� �f�o�u�r� �f�o�r� �t�h�e� �H�M�L� �m�e�t�h�o�d�.� �I�n� �e�a�c�h� �c�a�s�e�,� �t�w�o� �d�e�a�l�t� �w�i�t�h� �a� 

�s�i�t�u�a�t�i�o�n� �w�h�e�r�e� �t�h�e� �A�-� �a�n�d� �C�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l�s� �w�e�r�e� �g�i�v�e�n�,� �a�n�d� �t�w�o� �d�e�a�l�t� 

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

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

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

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

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

�L�i�k�e�r�t� �S�c�a�l�e�s� 

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

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

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

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

�s�u�b�j�e�c�t� �r�e�s�p�o�n�d� �"�Y�e�s�"� �o�r� �"�N�o�"� �a�s� �t�o� �i�f� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l� �w�a�s� �a�c�c�e�p�t�a�b�l�e�.� 

�T�h�e�s�e� �s�c�a�l�e�s� �a�p�p�e�a�r� �i�n� �A�p�p�e�n�d�i�x� �D�.



�S�o�u�n�d� �S�a�m�p�i�e�s� 

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

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

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

�i�n� �C�-� �a�n�d� �A�-�w�e�i�g�h�t�i�n�g�s�.� �A� �H�M� �n�o�i�s�e� �h�a�s� �a� �d�i�f�f�e�r�e�n�c�e� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �2� �d�B�,� 

�a�n�d� �a� �M�L� �n�o�i�s�e� �h�a�s� �a� �d�i�f�f�e�r�e�n�c�e� �g�r�e�a�t�e�r� �t�h�a�n� �2� �d�B�.� �F�o�r� �e�a�c�h� �n�o�i�s�e� �c�l�a�s�s�,� �f�o�u�r� 

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

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

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

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

�n�o�i�s�e�s� �a�n�d� �t�h�e�i�r� �C�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �p�r�e�s�s�u�r�e� �l�e�v�e�l� �(�L�C�)� �m�i�n�u�s� �A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� 

�p�r�e�s�s�u�r�e� �l�e�v�e�l� �(�L�A�)� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�H�M� �N�o�i�s�e� �L�c� �-�L�A� �(�i�n� �d�B�)� �M�L� �N�o�i�s�e� �L�c�-�L�A� �(�i�n� �d�B�)� 

�i�n�d�u�s�t�r�i�a�l� �1� �(�1�1�)� �-�2� �I�n�d�u�s�t�r�i�a�l� �8� �(�1�8�)� �3� 
�P�i�n�k� �1� �(�P�1�)� �-�1� �P�i�n�k� �3� �(�P�3�)� �5� 
�I�n�d�u�s�t�r�i�a�l� �6� �(�1�6�)� �-�0�.�5� �I�n�d�u�s�t�r�i�a�l� �3� �(�1�3�)� �6� 
�I�n�d�u�s�t�r�i�a�l� �7� �(�1�7�)� �0�.�5� �I�n�d�u�s�t�r�i�a�l� �5� �(�1�5�)� �7� 
�P�i�n�k� �2� �(�P�2�)� �1� �P�i�n�k� �4� �(�P�4�)� �8� 
�I�n�d�u�s�t�r�i�a�l� �4� �(�1�4�)� �2� �I�n�d�u�s�t�r�i�a�l� �2� �(�1�2�)� �1�0� 

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

�F�a�c�i�l�i�t�i�e�s� 

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

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

�e�x�p�e�r�i�m�e�n�t�a�l� �s�e�s�s�i�o�n� �i�n� �t�h�e� �A�u�d�i�t�o�r�y� �S�y�s�t�e�m�s� �L�a�b�o�r�a�t�o�r�y� �A�n�n�e�x� �i�n� �o�r�d�e�r� �t�o� 

�c�o�m�p�l�e�t�e� �t�h�e� �s�o�u�n�d� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �s�e�g�m�e�n�t� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �F�i�g�u�r�e� �7� �d�e�p�i�c�t�s� 

�t�h�e� �A�n�n�e�x� �a�n�d� �t�h�e� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �e�q�u�i�p�m�e�n�t� �i�n� �t�h�e� �E�x�p�e�r�i�m�e�n�t�e�r ��s� �a�n�d� �S�u�b�j�e�c�t�'�s� 
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�S�u�b�j�e�c�t�'�s� 
�S�t�a�t�i�o�n� 

�C�o�m�p�u�t�e�r� 

�A�u�d�i�o�m�e�t�e� 

�c� 
�@� 
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�F�i�g�u�r�e� �7�.� �A�u�d�i�t�o�r�y� �S�y�s�t�e�m�s� �L�a�b�o�r�a�t�o�r�y� �A�n�n�e�x� �s�h�o�w�i�n�g� �E�x�p�e�r�i�m�e�n�t�e�r ��s� �a�n�d� 

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

�m�o�u�s�e� �a�n�d� �k�e�y�b�o�a�r�d�,� �a�n�d� �a� �s�p�e�a�k�e�r� �p�o�s�i�t�i�o�n�e�d� �f�o�u�r� �f�e�e�t� �f�r�o�m� �t�h�e� �s�u�b�j�e�c�t�'�s� �h�e�a�d�.� 

�T�h�e� �E�x�p�e�r�i�m�e�n�t�e�r�'�s� �s�t�a�t�i�o�n� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�e� �a�u�d�i�o� �e�q�u�i�p�m�e�n�t� �f�o�r� �p�r�o�d�u�c�i�n�g� �t�h�e� 

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

�e�q�u�a�l�i�z�e�r�s�,� �a�n�d� �a� �s�e�l�e�c�t�o�r�-�s�w�i�t�c�h� �b�o�x�)�,� �a�n�d� �a�n� �a�u�d�i�o�m�e�t�e�r�.� �A�g�a�i�n�,� �a�l�l� �e�q�u�i�p�m�e�n�t� 

�m�a�n�u�f�a�c�t�u�r�e�r�s� �a�n�d� �m�o�d�e�l� �n�u�m�b�e�r�s� �a�p�p�e�a�r� �i�n� �A�p�p�e�n�d�i�x� �F�.� 
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�E�X�P�E�R�I�M�E�N�T�A�L� �S�U�B�J�E�C�T�S� 

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

�u�s�e�d� �i�n� �t�h�e� �s�t�u�d�y�.� 

�N�o�v�i�c�e� 

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

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

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

�c�a�t�e�g�o�r�y� �w�e�r�e� �e�i�t�h�e�r� �s�t�u�d�e�n�t�s� �o�f� �V�i�r�g�i�n�i�a� �T�e�c�h� �o�r� �R�a�d�f�o�r�d� �U�n�i�v�e�r�s�i�t�y�,� �a�n�d�/�o�r� 

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

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

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

�H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� 

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

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

�a�n�d�/�o�r� �c�o�m�p�l�e�t�e�d� �a�t� �l�e�a�s�t� �o�n�e� �y�e�a�r� �o�f� �e�d�u�c�a�t�i�o�n� �(�o�r� �a�c�h�i�e�v�e�d� �C�A�O�H�C� 

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

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

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

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

�i�n�d�u�s�t�r�i�e�s�,� �t�h�e� �O�f�f�i�c�e� �o�f� �S�a�f�e�t�y� �P�r�o�g�r�a�m�s� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�,� �i�n�d�u�s�t�r�i�a�l� �a�u�d�i�o�l�o�g�y� 

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

�a�t� �R�a�d�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �i�n� �R�a�d�f�o�r�d�,� �V�i�r�g�i�n�i�a�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a�l�l� �s�u�b�j�e�c�t�s� �i�n� �t�h�i�s� 

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

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

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

�m�a�s�t�e�r�'�s� �d�e�g�r�e�e� �i�n� �a�u�d�i�o�l�o�g�y�,� �a�n�d� �o�n�e� �r�e�c�e�n�t� �m�a�s�t�e�r�'�s� �g�r�a�d�u�a�t�e� �i�n� �a�u�d�i�o�l�o�g�y� �n�o�w� 

�w�o�r�k�i�n�g� �i�n� �i�n�d�u�s�t�r�y�)�,� �t�o� �i�n�d�u�s�t�r�i�a�l� �h�y�g�i�e�n�i�s�t�s�,� �t�o� �i�n�d�u�s�t�r�i�a�l� �n�u�r�s�e�s�.� �E�i�g�h�t� �o�f� �t�h�e� 

�e�i�g�h�t�e�e�n� �s�u�b�j�e�c�t�s� �w�e�r�e� �e�i�t�h�e�r� �C�A�O�H�C�-�c�e�r�t�i�f�i�e�d� �o�r� �C�A�Q�H�C� �c�o�u�r�s�e� �i�n�s�t�r�u�c�t�o�r�s�.� �A�l�l� 

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

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

�n�o�i�s�e� �i�n� �i�n�d�u�s�t�r�i�a�l� �a�r�e�a�s�.� 
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�E�X�P�E�R�I�M�E�N�T�A�L� �D�E�S�I�G�N� 

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

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

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

�B�a�s�e�l�i�n�e� �o�f� �K�n�o�w�l�e�d�g�e� �D�e�t�e�r�m�i�n�a�t�i�o�n� 

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

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

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

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

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

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

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

�a�c�c�u�r�a�t�e�l�y� �a�s� �p�o�s�s�i�b�l�e�.� �|� 

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

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

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

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

�I�n�s�t�r�u�c�t�i�o�n� �M�e�t�h�o�d�o�l�o�g�y� �F�a�c�t�o�r�i�a�l� �D�e�s�i�g�n� 

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

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

�F�i�g�u�r�e� �8�.� 

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

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

�s�g� �e�a� 
�N�o�v�i�c�e� �|� �S�1�-�S�6� �s�7�-�s�i�2� �|� �s�1�3�-�s�i�s� �|� �3�°� 

�o�F� �E�X�P�E�R�I�E�N�C�E� �i�)� 

�s�&� 
�H�e�a�r�i�n�g� �3� �<�< �� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �|�S�1�9�-�S�2�4� �|� �$�2�5�-�S�3�0� �|� �$�3�1�-�S�3�6� �w�e� 

�w�e�s� �e�w�e� 

�O�u�t�l�i�n�e� �N�o�m�o�g�r�a�m� �H�y�p�e�r�m�e�d�i�a� �w� 

�I�N�S�T�R�U�C�T�I�O�N�A�L� �T�O�O�L� 

�F�i�g�u�r�e� �8�.� �I�n�s�t�r�u�c�t�i�o�n� �M�e�t�h�o�d�o�l�o�g�y� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� 
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�I�n�s�t�r�u�c�t�i�o�n�,� �a� �b�e�t�w�e�e�n�-�s�u�b�j�e�c�t�s� �v�a�r�i�a�b�l�e� �w�i�t�h� �t�h�r�e�e� �l�e�v�e�l�s�,� �w�a�s� �t�h�e� �f�o�r�m� �o�f� 

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

�e�x�i�s�t�e�d�:� �1�)� �a� �s�i�m�p�l�e� �o�u�t�l�i�n�e�;� �2�)� �a� �t�a�b�u�l�a�r� �n�o�m�o�g�r�a�m�;� �a�n�d� �3�)� �a� �h�y�p�e�r�m�e�d�i�a� 

�p�a�c�k�a�g�e�.� �A�l�l� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l�s� �a�p�p�e�a�r� �i�n� �A�p�p�e�n�d�i�x� �B�.� 

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

�o�f� �t�h�e� �N�R�R� �a�n�d� �H�M�L� �m�e�t�h�o�d�s�.� �E�a�c�h� �s�u�b�j�e�c�t� �u�t�i�l�i�z�e�d� �a� �g�i�v�e�n� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l� �t�o� 

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

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

�A�-�w�e�i�g�h�t�e�d� �l�e�v�e�l�s� �u�s�e� �N�I�O�S�H� �m�e�t�h�o�d� �n�u�m�b�e�r� �3� �f�o�r� �t�h�e� �N�R�R� �m�e�t�h�o�d�,� �a�n�d� �t�h�e� 

�H�M�L�-�Q�u�i�c�k�y� �m�e�t�h�o�d� �f�o�r� �t�h�e� �H�M�L� �m�e�t�h�o�d�.� �T�h�e�s�e� �a�r�e� �s�p�e�c�i�a�l�-�c�a�s�e� �a�p�p�l�i�c�a�t�i�o�n�s� 

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

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

�p�e�r�f�o�r�m� �e�a�c�h� �m�e�t�h�o�d�.� 

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

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

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

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

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

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

�t�a�s�k�,� �a�n� �o�n�e� �(�1�)� �w�a�s� �r�e�c�o�r�d�e�d�.� �P�e�r�c�e�n�t�a�g�e�s� �w�e�r�e� �u�s�e�d� �s�i�n�c�e� �t�h�e� �t�o�t�a�l� �p�o�s�s�i�b�l�e� 

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

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

�T�a�b�l�e� �1�1�.� 

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

�s�u�b�j�e�c�t�'�s� �t�i�m�e� �t�o� �c�o�m�p�l�e�t�i�o�n� �o�f� �a� �c�a�l�c�u�l�a�t�i�o�n� �w�a�s� �r�e�c�o�r�d�e�d� �(�i�t� �d�i�d� �n�o�t� �m�a�t�t�e�r� �i�f� �t�h�e� 
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�T�A�B�L�E� �1�1� 

�P�o�s�s�i�b�l�e� �E�r�r�o�r�s� �A�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �F�o�u�r� �T�e�s�t� �P�r�o�b�l�e�m�s� �f�o�r� �E�a�c�h� �o�f� �t�h�e� �T�h�r�e�e� 
�I�n�s�t�r�u�c�t�i�o�n�a�l� �T�o�o�l�s�.� 
� � 

�C�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �a�n�d� �N�R�R� �p�r�o�v�i�d�e�d� 
�N�o�m�o�g�r�a�m� �O�u�i�l�i�n�e� �H�y�p�e�r�m�e�d�i�a� 

�1�.� �S�e�l�e�c�t� �i�n�c�o�r�r�e�c�t� �t�a�b�l�e� �1�.� �S�u�b�t�r�a�c�t� �7� �f�r�o�m� �N�R�R� �1�.� �S�u�b�t�r�a�c�t� �7� �f�r�o�m� �N�R�R� 
�2�.� �D�o� �n�o�t� �l�o�c�a�t�e� �a�n�s�w�e�r� �2�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �N�R�R� �2�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �N�R�R� 

�f�r�o�m�L�¢�e� �f�r�o�m�t�c�¢�o� 

�A�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �a�n�d� �N�R�R� �p�r�o�v�i�d�e�d� 
�N�o�m�o�g�r�a�m� �O�u�t�l�i�n�e� �H�y�p�e�r�m�e�d�i�a� 
�1�.� �S�e�l�e�c�t� �i�n�c�o�r�r�e�c�t� �t�a�b�l�e� �1�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �7� �f�r�o�m� �N�R�R�_�~� �1�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �7� �f�r�o�m� �N�R�R� 
�2�.� �D�o�n�o�t� �l�o�c�a�t�e� �a�n�s�w�e�r� �2�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �N�R�R� �2�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �N�R�R� 

�f�r�o�m� �L�a� �f�r�o�m� �L�a� 

�A�-� �a�n�d� �C�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l�s� �a�n�d� �H�M�L� �v�a�l�u�e�s� �p�r�o�v�i�d�e�d� 
�N�o�m�o�g�r�a�m� �O�u�t�l�i�n�e� �H�y�p�e�r�m�e�d�i� 

�1�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �L�a� �f�r�o�m�t�c� �1�.� �D�o�n�o�t�s�u�b�d�t�r�a�c�t�L�a� �f�r�o�o�m�l�L�c�o� �1�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �L�a� �f�r�o�m� �L�c� 
�2�.� �D�o� �n�o�t� �d�e�t�e�r�m�i�n�e� �P�N�R� �2�.� �D�o� �n�o�t� �d�e�t�e�r�m�i�n�e� �P�N�R� �2�.� �D�o� �n�o�t� �d�e�t�e�r�m�i�n�e� �P�N�R� 
�3�.� �D�o� �n�o�t� �u�s�e� �L�A� �3�.� �D�o� �n�o�t� �u�s�e� �L�A� �3�.� �D�o� �n�o�t� �u�s�e� �L�A� 
�4�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �P�N�R� �4�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �P�N�R� �4�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �P�N�R� 

�f�r�o�m� �L�A� �f�r�o�m� �L�A� �f�r�o�m� �L�A� 

�A�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �a�n�d� �H�M�L� �v�a�l�u�e�s� �p�r�o�v�i�d�e�d� 
�N�o�m�o�g�r�a�m� �O�u�t�l�i�n�e� �H�y�p�e�r�m�e�d�i�a� 
�1�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �L�a� �f�r�o�m� �L�g�.� �1�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �L�a� �f�r�o�m� �L�g�.� �1�.� �D�o� �n�o�t� �s�u�b�t�r�a�c�t� �L�a� �f�r�o�m� �L�g�.� 

�T�h�i�s� �i�s� �t�h�e� �P�N�R� �v�a�l�u�e� �T�h�i�s� �i�s� �t�h�e� �P�N�R� �v�a�l�u�e� �T�h�i�s� �i�s� �t�h�e� �P�N�R� �v�a�l�u�e� 
�2�.� �D�o� �n�o�t� �c�o�m�p�a�r�e� �P�N�R� �v�a�l�u�e� �2�.� �D�o� �n�o�t� �c�o�m�p�a�r�e� �P�N�R� �v�a�l�u�e� �2�.� �D�o� �n�o�t� �c�o�m�p�a�r�e� �P�N�R� �v�a�l�u�e� 

�t�o� �H�,� �M�,� �a�n�d� �L� �v�a�l�u�e�s� �t�o� �H�,� �M�,� �a�n�d� �L� �v�a�l�u�e�s� �t�o� �H�,� �M�,� �a�n�d� �L� �v�a�l�u�e�s� 
�3�.� �D�o� �n�o�t� �r�e�c�o�g�n�i�z�e� �2�4� �>� �2�2� �3�.� �D�o� �n�o�t� �r�e�c�o�g�n�i�z�e� �2�4� �>� �2�2� �3�.� �D�o� �n�o�t� �r�e�c�o�g�n�i�z�e� �2�4� �>� �2�2� 
�4�.� �C�o�n�c�l�u�d�e� �a�d�e�q�u�a�t�e� �4�.� �C�o�n�c�l�u�d�e� �a�d�e�q�u�a�t�e� �4�.� �C�o�n�c�l�u�d�e� �a�d�e�q�u�a�t�e� 
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�a�n�s�w�e�r� �w�a�s� �c�o�r�r�e�c�t� �o�r� �n�o�t�)�.� �R�e�c�o�r�d�i�n�g� �t�i�m�e� �s�t�a�r�t�e�d� �a�s� �s�o�o�n� �a�s� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� 

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

�t�h�e� �s�u�b�j�e�c�t� �l�a�i�d� �d�o�w�n� �h�i�s�/�h�e�r� �p�e�n�c�i�l�.� �I�f� �t�h�e� �s�u�b�j�e�c�t� �c�o�n�c�e�d�e�d�,� �t�h�e� �v�a�l�u�e� �o�f� �3�6�0�0� 

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

�w�h�i�c�h� �w�a�s� �t�h�e� �m�o�s�t� �a�l�l�o�w�e�d�.� 

�S�p�e�c�t�r�a� �D�i�s�c�r�i�m�i�n�a�t�i�o�n� �F�a�c�t�o�r�i�a�l� �D�e�s�i�g�n� 

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

�s�u�b�j�e�c�t�s� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �9�.� 

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

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

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

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

�e�v�a�l�u�a�t�e�d� �e�a�c�h� �n�o�i�s�e� �a�n�d� �c�l�a�s�s�i�f�i�e�d� �i�t� �a�s� �H�M� �o�r� �M�L� �(�h�i�g�h� �o�r� �l�o�w� �f�r�e�q�u�e�n�c�y�-� 

�d�o�m�i�n�a�t�e�d�)�.� 

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

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

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

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

�L�i�k�e�r�t� �R�a�t�i�n�g� �S�c�a�l�e�s� 

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

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

�u�s�e�d�.� �S�u�b�j�e�c�t�s� �r�a�t�e�d� �t�h�e�i�r� �s�a�t�i�s�f�a�c�t�i�o�n� �o�n� �t�h�e� �9�-�p�o�i�n�t� �L�i�k�e�r�t� �s�c�a�l�e� �w�h�i�c�h� �a�p�p�e�a�r�s� 

�i�n� �A�p�p�e�n�d�i�x� �D�.� 
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�L�c� �-� �L�A� �V�a�l�u�e�s� �(�C�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �1�2� �N�o�i�s�e� �S�p�e�c�t�r�a�)� 
� � 

� � 
� � 

� � 
�-�2� �-�1� �|� �0�5�1� �0�.�5� �1� �2� �3� �5� �6� �7� �8� �1�0� 

�S�1�-�]� �S�t�-�]� �S�t�-�]� �S�i�-�]� �S�t�-�]� �S�t�-�]� �S�t�1�-�]� �S�t�-�]� �S�t�-� �|� �S�t�-�]� �S�t�-�]� �S�t�1�-� 

�S�i�g� �|� �S�i�g� �|� �S�i�g� �|� �S�i�g� �|� �S�1�8� �|� �S�1�8� �|� �S�1�8� �|� �S�1�8� �|� �S�1�8� �|� �S�1�8� �|� �S�i�8� �|� �S�1�8� � � � � � � � � � � � � � � � � � � � � � � 
� � 

�F�i�g�u�r�e� �9�.� �S�p�e�c�t�r�a� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n� �.



�E�X�P�E�R�I�M�E�N�T�A�L� �P�R�O�C�E�D�U�R�E� 

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

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

�s�u�b�j�e�c�t�s�.� 

�D�a�i�l�y� �P�r�e�p�a�r�a�t�i�o�n� 

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

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

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

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

�N�R�R� �a�n�d� �H�M�L�,� �w�i�t�h� �w�h�i�c�h� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �p�r�e�s�e�n�t�e�d�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a�l�l� �a�u�d�i�o� 

�e�q�u�i�p�m�e�n�t� �w�a�s� �t�u�r�n�e�d� �o�n� �a�n�d� �a�l�l�o�w�e�d� �t�o� �w�a�r�m� �u�p� �f�o�r� �a�t� �l�e�a�s�t� �2�0� �m�i�n�u�t�e�s� �b�e�f�o�r�e� 

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

�d�a�i�l�y� �u�s�i�n�g� �a� �R�i�o�n� �o�c�t�a�v�e� �b�a�n�d� �a�n�a�l�y�z�e�r� �a�n�d� �m�i�c�r�o�p�h�o�n�e� �(�s�e�e� �A�p�p�e�n�d�i�x� �F�)� �t�o� 

�e�n�s�u�r�e� �c�o�n�s�i�s�t�e�n�c�y� �f�r�o�m� �d�a�y� �t�o� �d�a�y�;� �l�e�v�e�l�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �7�5� �a�n�d� �8�0� 

�d�B�A� �a�t� �t�h�e� �s�u�b�j�e�c�t�'�s� �h�e�a�d�-�c�e�n�t�e�r� �p�o�s�i�t�i�o�n�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �S�e�s�s�i�o�n� �-� �N�o�v�i�c�e� �S�u�b�j�e�c�t�s� 

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

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

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

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

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

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

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

�f�u�r�t�h�e�r�.� �|� 

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

�a�n�d� �e�a�r�p�h�o�n�e� �(�s�e�e� �A�p�p�e�n�d�i�x� �F�)�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�i�x� �t�o�n�e�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �t�o� 

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

�A�p�p�e�n�d�i�x� �A�:� �2�5�0�,� �7�5�0�,� �1�0�0�0�,� �2�0�0�0�.� �4�0�0�0� �a�n�d� �8�0�0�0� �H�z�.� �T�h�e� �a�t�t�e�n�u�a�t�o�r� 

�d�i�a�l� �w�a�s� �c�o�n�s�t�a�n�t�l�y� �s�e�t� �t�o� �4�0� �d�B�H�L�,� �a�n�d� �t�h�e� �o�u�t�p�u�t� �e�q�u�a�l�i�z�e�d� �t�o� �c�l�o�s�e�l�y� 

�c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �4�0� �p�h�o�n� �(�e�q�u�a�l� �l�o�u�d�n�e�s�s�)� �c�u�r�v�e�.� �G�i�v�e�n� �a� �p�a�i�r� �o�f� �t�o�n�e�s�,� 

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

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

�c�o�u�l�d� �n�o�t� �h�e�a�r� �a�n�y� �g�i�v�e�n� �t�o�n�e� �a�t� �t�h�e� �4�0� �d�B�H�L� �l�e�v�e�l�,� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� 

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

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

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

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

�(�N�R�R� �o�r� �H�M�L�)� �t�o� �b�e� �u�s�e�d� �w�e�r�e� �p�r�e�d�e�t�e�r�m�i�n�e�d� �b�e�f�o�r�e� �t�h�e� �s�u�b�j�e�c�t� �a�r�r�i�v�e�d� 

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

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

�B�e� �t�e�s�t�e�d� �o�n� �t�h�i�s� �m�e�t�h�o�d� �w�i�t�h� �t�w�o� �p�r�o�b�l�e�m�s� �w�i�t�h� �A�-� �a�n�d� �C�-�w�e�i�g�h�t�i�n�g�s� 

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

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

�i�n�t�e�r�n�a�l� �t�h�r�e�a�t� �t�o� �v�a�l�i�d�i�t�y� �k�n�o�w�n� �a�s� �t�e�s�t�i�n�g� �(�G�o�l�d�s�t�e�i�n�,� �1�9�8�6�)�.� �T�h�e� 

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

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

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

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

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

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

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

�t�h�e� �p�a�g�e�.� �A�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� �t�e�s�t� �p�r�o�b�l�e�m�s� �a�p�p�e�a�r� �i�n� �A�p�p�e�n�d�i�x� �C�.� 

�R�e�p�e�a�t� �s�t�e�p�s� �4� �a�n�d� �5� �f�o�r� �t�h�e� �o�t�h�e�r� �m�e�t�h�o�d� �w�h�i�l�e� �u�s�i�n�g� �t�h�e� �s�a�m�e� 

�i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l�.� �I�f� �t�h�e� �s�u�b�j�e�c�t� �s�t�a�r�t�e�d� �w�i�t�h� �t�h�e� �N�R�R� �m�e�t�h�o�d�,� �t�h�e� �H�M�L� 

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

�R�a�t�e� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l� �u�s�i�n�g� �L�i�k�e�r�t� �s�c�a�l�e�s�.� �A�f�t�e�r� �t�e�s�t�i�n�g� 

�w�a�s� �c�o�m�p�l�e�t�e�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �g�i�v�e�n� �t�e�n� �9�-�p�o�i�n�t� �L�i�k�e�r�t� �s�c�a�l�e�s� �o�n� �w�h�i�c�h� �t�o� 

�r�a�t�e� �t�h�e�i�r� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l�s� �f�o�r� �t�h�e� �H�M�L� �a�n�d� �N�R�R� 

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

�s�c�a�l�e�.� �L�a�s�t�l�y�,� �a� �y�e�s�/�n�o� �q�u�e�s�t�i�o�n� �a�s�k�e�d� �f�o�r� �t�h�e� �s�u�b�j�e�c�t�'�s� �o�v�e�r�a�l�l� �s�a�t�i�s�f�a�c�t�i�o�n� 

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

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

�a�n�d� �j�u�d�g�e� �w�h�e�t�h�e�r� �a� �g�i�v�e�n� �n�o�i�s�e� �w�a�s� �o�f� �a� �H�M� �o�r� �M�L� �n�o�i�s�e� �c�l�a�s�s�.� �T�h�e� 

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

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

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

�p�r�o�p�e�r� �L�c� �-� �L�A� �v�a�l�u�e� �t�h�r�o�u�g�h� �a�n� �o�c�t�a�v�e�-�b�a�n�d� �e�q�u�a�l�i�z�e�r�.� �E�a�c�h� �p�i�n�k� �n�o�i�s�e� 

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

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

�s�u�b�j�e�c�t� �v�i�a� �a� �t�a�p�e� �d�e�c�k�.� 
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�E�x�p�e�r�i�m�e�n�t�a�l� �S�e�s�s�i�o�n� �-� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �S�u�b�j�e�c�t�s� 

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

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

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

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

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

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

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

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

�F�i�l�l� �o�u�t� �a�d�d�i�t�i�o�n�a�l� �b�a�c�k�g�r�o�u�n�d� �i�n�f�o�r�m�a�t�i�o�n� �q�u�e�s�t�i�o�n�n�a�i�r�e�.� �A�d�d�i�t�i�o�n�a�l� 

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

�p�r�o�f�e�s�s�i�o�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �a�f�f�i�l�i�a�t�i�o�n�s� �w�e�r�e� �g�i�v�e�n�.� 

�D�e�t�e�r�m�i�n�e� �b�a�s�e�l�i�n�e� �o�f� �k�n�o�w�l�e�d�g�e� �o�f� �N�R�R�.� �T�w�o� �p�r�o�b�l�e�m�s� �w�e�r�e� �g�i�v�e�n� �t�o� 

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

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

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

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

�N�R�R�.� �C�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �w�a�s� �r�e�c�o�r�d�e�d�.� �T�h�e� �s�u�b�j�e�c�t� �w�a�s� �i�n�s�t�r�u�c�t�e�d� �t�o� �w�r�i�t�e� 

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

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

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

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

�(�N�R�R� �o�r� �H�M�L�)� �t�o� �b�e� �u�s�e�d� �w�e�r�e� �p�r�e�d�e�t�e�r�m�i�n�e�d� �b�y� �r�a�n�d�o�m� �a�s�s�i�g�n�m�e�n�t� 

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

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



�B�e� �t�e�s�t�e�d� �o�n� �t�h�i�s� �m�e�t�h�o�d� �w�i�t�h� �t�w�o� �p�r�o�b�l�e�m�s� �w�i�t�h� �A�-� �a�n�d� �C�-�w�e�i�g�h�t�i�n�g�s� 

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

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

�i�n�t�e�r�n�a�l� �t�h�r�e�a�t� �t�o� �v�a�l�i�d�i�t�y� �k�n�o�w�n� �a�s� �t�e�s�t�i�n�g� �(�G�o�l�d�s�t�e�i�n�,� �1�9�8�6�)�.� �T�h�e� 

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

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

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

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

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

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

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

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

�t�h�e� �p�a�g�e�.� �A�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� �t�e�s�t� �p�r�o�b�l�e�m�s� �a�p�p�e�a�r� �i�n� �A�p�p�e�n�d�i�x� �C�.� 

�R� �a�n�d� �6� �f�o�r� �t�h�e� �o�t�h�e�r� �m�e�t�h�o�d� �w�h�i�l�e� �u�s�i�n�g� �t�h�e� �s�a�m�e� 

�i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l�.� �I�f� �t�h�e� �s�u�b�j�e�c�t� �s�t�a�r�t�e�d� �w�i�t�h� �t�h�e� �N�R�R� �m�e�t�h�o�d�,� �t�h�e� �H�M�L� 

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

�R�a�t�e� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l� �u�s�i�n�g� �L�i�k�e�r�t� �s�c�a�l�e�s�.� �A�f�t�e�r� �t�e�s�t�i�n�g� 

�w�a�s� �c�o�m�p�l�e�t�e�,� �s�u�b�j�e�c�t�s� �w�e�r�e� �g�i�v�e�n� �t�e�n� �9�-�p�o�i�n�t� �L�i�k�e�r�t� �s�c�a�l�e�s� �o�n� �w�h�i�c�h� �t�o� 

�r�a�t�e� �t�h�e�i�r� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �t�o�o�l�s� �f�o�r� �t�h�e� �H�M�L� �a�n�d� �N�R�R� �m�e�t�h�o�d�s�.� �T�h�e� 

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

�y�e�s�/�n�o� �q�u�e�s�t�i�o�n� �a�s�k�e�d� �f�o�r� �t�h�e� �s�u�b�j�e�c�t�'�s� �o�v�e�r�a�l�l� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �t�h�e� 

�i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l�.� �T�h�e�s�e� �s�c�a�l�e�s� �a�p�p�e�a�r� �i�n� �A�p�p�e�n�d�i�x� �D�.� 
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�R�E�S�U�L�T�S� �A�N�D� �A�N�A�L�Y�S�I�S� 

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

�s�e�g�m�e�n�t�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� 

�B�a�s�e�l�i�n�e� �o�f� �K�n�o�w�l�e�d�g�e� 

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

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

�C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s� �(�n�u�m�b�e�r�s� �1�9� �-� �3�6�)� �a�p�p�e�a�r� �i�n� �A�p�p�e�n�d�i�x� �E�.� �P�r�o�b�l�e�m� �1� 

�d�e�a�l�t� �w�i�t�h� �a� �s�i�t�u�a�t�i�o�n� �w�h�e�r�e� �t�h�e� �C�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �a�n�d� �t�h�e� �N�R�R� �w�e�r�e� 

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

�s�i�t�u�a�t�i�o�n� �w�h�e�r�e� �t�h�e� �A�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �a�n�d� �t�h�e� �N�R�R� �w�e�r�e� �p�r�o�v�i�d�e�d�;� �t�h�i�s� 

�r�e�q�u�i�r�e�s� �t�h�a�t� �7� �m�u�s�t� �f�i�r�s�t� �b�e� �s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �N�R�R� �b�e�f�o�r�e� �t�h�e� �r�e�s�u�l�t� �i�s� �t�h�e�n� 

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

�a�p�p�e�a�r� �i�n� �T�a�b�l�e� �7�1�2�.� 

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

�p�e�r�c�e�n�t�-�c�o�r�r�e�c�t� �c�a�n� �b�e� �s�u�m�m�a�r�i�z�e�d�.� �F�o�r� �P�r�o�b�l�e�m� �1�,� �o�n�l�y� �5�0� �%� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� 

�c�a�l�c�u�l�a�t�e�d� �a� �c�o�r�r�e�c�t� �a�n�s�w�e�r�;� �t�h�e� �a�v�e�r�a�g�e� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �w�a�s� �4�6�.�7� �s�e�c�o�n�d�s�.� �F�o�r� 

�P�r�o�b�l�e�m� �2�,� �o�n�l�y� �1�6�.�7� �%� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� �c�a�l�c�u�l�a�t�e�d� �a� �c�o�r�r�e�c�t� �a�n�s�w�e�r�;� �t�h�e� �a�v�e�r�a�g�e� 

�c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �w�a�s� �2�8�.�8� �s�e�c�o�n�d�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �h�e�a�r�i�n�g� 

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

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

�s�o�u�n�d� �l�e�v�e�l� �w�a�s� �s�u�p�p�l�i�e�d�.� 
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�T�A�B�L�E� �1�2� 

�C�a�l�c�u�l�a�t�i�o�n� �T�i�m�e� �a�n�d� �V�e�r�i�f�i�c�a�t�i�o�n� �o�f� �a� �C�o�r�r�e�c�t� �A�n�s�w�e�r� �f�o�r� �t�h�e� �B�a�s�e�l�i�n�e� �o�f� 
�K�n�o�w�l�e�d�g�e� �T�e�s�t� �G�i�v�e�n� �t�o� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �S�u�b�j�e�c�t�s�.� 
� � 

� � 

� � 

� � � � � � � � 

�S�u�b�j�e�c�t� �|�  ��Q�u�e�s�t�i�o�n� �  ��*�*�E�r�r�o�r� �T�i�m�e�  ��Q�u�e�s�t�i�o�n�  ��*�*�E�r�r�o�r� �T�i�m�e� 
�1� �T�y�p�e� �(�s�e�c�)� �2� �T�y�p�e� �(�s�e�c�)� 

�1�9� �0� �A� �4�4� �1� �-� �2�5� 
�2�0� �0� �A� �5�2� �0� �A� �1�6� 
�2�1� �0� �A� �5�5� �0� �B� �3�4� 
�2�2� �1� �-� �8�1� �0� �B� �3�5� 
�2�3� �1� �-� �3�0� �0� �B� �5�1� 
�2�4� �0� �3�3� �0� �A� �1�2� 
�2�5� �1� �-� �3�6� �1� �-� �2�4� 
�2�6� �1� �-� �3�4� �0� �B� �2�3� 
�2�7� �1� �-� �6�0� �0� �B� �5�8� 
�2�8� �)� �C� �6�4� �0� �B� �3�7� 
�2�9� �0� �A� �4�8� �0� �B�,�D� �2�8� 
�3�0� �1� �-� �3�9� �0� �A� �3�8� 
�3�1� �0� �A� �1�2�7� �0� �A� �1�5� 
�3�2� �1� �-� �1�7� �1� �-� �1�3� 

�3�3� �1� �-� �2�3� �0� �B� �1�7� 
�3�4� �0� �2�6� �0� �A� �3�6� 
�3�5� �1� �-� �2�6� �0� �B� �2�5� 
�3�6� �0� �A� �4�6� �0� �B� �3�2� 

 ��Q�u�e�s�t�i�o�n�s� 
�1� �=� �C�o�r�r�e�c�t� �A�n�s�w�e�r� 
�0� �=� �I�n�c�o�r�r�e�c�t� �A�n�s�w�e�r� 

�*�  ��E�r�r�o�r� �T�y�p�e�s� 
�A� �=�"� �d�o�n�'�t� �k�n�o�w�"� 
�B� �=� �D�i�d� �n�o�t� �s�u�b�t�r�a�c�t� �7� �f�r�o�m� �N�R�R� �g�i�v�e�n� �A�-�w�e�i�g�h�t�e�d� �l�e�v�e�l� 
�C� �=� �S�u�b�t�r�a�c�t�e�d� �7� �f�r�o�m� �C�-�w�e�i�g�h�t�e�d� �l�e�v�e�l� 
�D� �=� �S�i�m�p�l�e� �m�a�t�h� �e�r�r�o�r� 

� 



�F�o�r� �t�h�o�s�e� �w�h�o� �c�a�l�c�u�l�a�t�e�d� �a� �w�r�o�n�g� �a�n�s�w�e�r�,� �i�n� �P�r�o�b�l�e�m� �1�,� �8�8�.�9�%� �d�i�d� �n�o�t� 

�k�n�o�w� �w�h�a�t� �t�o� �d�o�;� �1�1�.�1�%� �s�u�b�t�r�a�c�t�e�d� �7� �f�r�o�m� �t�h�e� �C�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�.� �I�n� 

�P�r�o�b�l�e�m� �2�,� �6�2�.�5�%� �d�i�d� �n�o�t� �s�u�b�t�r�a�c�t� �7� �f�r�o�m� �t�h�e� �N�R�R� �v�a�l�u�e�;� �3�1�.�3�%� �d�i�d� �n�o�t� �k�n�o�w� 

�w�h�a�t� �t�o� �d�o�;� �a�n�d� �6�.�2�%� �m�a�d�e� �a� �s�i�m�p�l�e� �m�a�t�h� �e�r�r�o�r�.� 

�i�n�s�t�r�u�c�t�i�o�n�a�l� �M�e�t�h�o�d�o�l�o�g�y� �F�a�c�t�o�r�i�a�l� �D�e�s�i�g�n� 

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

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

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

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

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

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

�t�h�e� �r�e�s�u�l�t�s� �w�e�r�e� �n�o�t� �a�n�a�l�y�z�e�d�.� 

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

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

�l�e�v�e�l� �a�n�d� �t�h�e� �N�R�R�,� �o�r� �H�M�L� �v�a�l�u�e�s�,� �p�r�o�v�i�d�e�d�.� �T�h�e� �r�a�w� �d�a�t�a� �f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s�,� �a�n�d� 

�t�h�e� �A�N�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e� �a�r�e� �i�n� �T�a�b�l�e�s� �1�3� �a�n�d� �1�4�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n�,� �t�h�e� �o�n�l�y� �s�i�g�n�i�f�i�c�a�n�t� �f�a�c�t�o�r� �(�p� �<� �0�.�0�5�)� �w�a�s� �M�e�t�h�o�d�.� �S�i�n�c�e� 

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

�t�i�m�e� �(�i�n� �s�e�c�o�n�d�s�)� �f�o�r� �t�h�e� �H�M�L� �m�e�t�h�o�d� �(�6�9�3�.�5�)� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�n�g�e�r� �t�h�a�n� �f�o�r� �t�h�e� 

�N�R�R� �m�e�t�h�o�d� �(�2�2�.�9�4�)�.� 

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

�T�h�i�s� �i�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �c�o�n�c�e�s�s�i�o�n� �v�a�l�u�e� �o�f� �3�6�0�0� �s�e�c�o�n�d�s�.� �T�h�i�s� �v�a�l�u�e� �w�a�s� 

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

�c�o�l�l�e�c�t�e�d�,� �h�o�w�e�v�e�r�,� �i�t� �i�s� �s�e�e�n� �t�h�a�t� �a� �b�e�t�t�e�r� �v�a�l�u�e� �t�o� �u�s�e� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �3�0�0� 
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�T�A�B�L�E� �1�3� 

�R�a�w� �D�a�t�a� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �C�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� �P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� 
�M�e�a�s�u�r�e� �i�s� �C�a�l�c�u�l�a�t�i�o�n� �T�i�m�e� �i�n� �S�e�c�o�n�d�s�.� �L�a�s�t� �R�o�w� �i�n� �E�a�c�h� �C�e�l�l�:� �M�e�a�n�,� 
�(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)�.�*� 
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�|� �=� �s�E�I�M�1�1�1� �E�I�M�1�1�2� �E�I�M�2�1�1� �|� �E�I�M�2�1�2� 
�1�8� �8�0� �2�1� �5�1� 
�4�2� �1�3�3� �7�0� �3�6�0�0� 
�1�9� �1�9�7� �1�8� �3�6�0�0� 
�6�9� �7�7� �1�4� �3�6�0�0� 
�1�9� �6�2� �1�4� �2�/�7� 
�4�7� �6�4� �3�5� �6�2� 

�3�5�.�6�7�,� �(�2�0�.�7�2�)� �1�0�2�.�1�7�,� �(�5�3�.�1�8�)� �2�8�.�6�7�,� �(�2�1�.�6�9�)� �1�8�6�5�.�0�,� �(�1�9�0�2�.�3�1�)� 

�E�I�M�1�2�1� �E�I�M�1�2�2� �E�I�M�2�2�1� �E�I�M�2�2�2� 
�1�8� �1�1�3� �1�2� �1�3�4� 
�2�3� �4�2� �2�2� �3�6�0�0� 
�2�0� �1�4�5� �1�7� �4�7� 
�2�5� �7�0� �1�4� �1�8�8� 

�3�3� �9�9� �3�8� �1�9�3� 
�1�9� �7�3� �1�3� �1�1�3� 

�2�3�.�0�,� �(�5�.�5�5�)� �9�0�.�3�3�,� �(�3�6�.�4�1�)� �1�9�.�3�3�,� �(�9�.�8�3�)� �7�1�2�.�5�,� �(�1�4�1�5�.�6�)� 

�E�I�M�1�3�1� �E�I�M�1�3�2� �E�I�M�2�3�1� �E�I�M�2�3�2� 
�1�0� �9�4� �9� �5�5� 
�4�5� �1�1�6� �1�9� �3�7� 
�1�8� �3�6�0�0� �1�2� �3�6�0�0� 
�1�3� �9�7� �2�2� �1�2�3� 
�1�7� �1�4�1� �1�0� �2�2�9� 
�2�5� �1�0�0� �1�6� �1�5�4� 

�1�6�.�3�3�,� �(�5�.�1�3�)� �6�9�1�.�3�3�,� �(�1�4�2�5�.�0�6�)� �1�4�.�6�7�,� �(�5�.�2�0�)� �6�9�9�.�6�7�,� �(�1�4�2�2�.�5�7�)� 

�G�r�a�n�d� �M�e�a�n�s� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)� 
�E�x�p�e�r�i�e�n�c�e� �I�n�s�t�r�u�c�t�i�o�n� �M�e�t�h�o�d� 

�N�o�v�i�c�e� �H�.�C�.� �|�|� �N�o�m�o�g�r�a�m� �O�u�t�l�i�n�e� �H�y�p�e�r�m�e�d�i�a� �|�]� �|�=� �N�R�R� �H�M�L� 
�1�5�9�.�8� �5�5�6�.�6� �5�0�7�.�9� �2�1�1�.�3� �3�5�5�.�5� �2�2�.�9� �6�9�3�.�5� 

�(�5�9�1�.�6�)� �(�1�2�4�1�.�4�)� �(�1�1�9�5�.�4�)� �(�7�2�4�.�0�)� �(�1�0�0�1�.�0�)� �|� �(�1�4�.�5�)� �(�1�3�1�9�.�4� � � � � � � � � 
� � 

�*� �T�h�e� �c�o�d�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �t�a�b�l�e� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� �E�I�M� �s�t�a�n�d�s� 
�f�o�r� �E�x�p�e�r�i�e�n�c�e�,� �I�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �M�e�t�h�o�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�o�r� �E�x�p�e�r�i�e�n�c�e�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�v�i�c�e�,� �a�n�d� 
�a� �2� �i�n�d�i�c�a�t�e�s� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t�.� �F�o�r� �I�n�s�t�r�u�c�t�i�o�n�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�m�o�g�r�a�m�,� �a� �2� �i�n�d�i�c�a�t�e�s� 
�O�u�t�l�i�n�e�.� �a�n�d� �a� �3� �i�n�d�i�c�a�t�e�s� �H�y�p�e�r�m�e�d�i�a�.� �F�o�r� �M�e�t�h�o�d�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�R�R�,� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� �H�M�L�.� 
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�T�A�B�L�E� �1�4� 

�A�N�O�V�A� �S�u�m�m�a�r�y� �T�a�b�l�e� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �C�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� 
�P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� �M�e�a�s�u�r�e� �i�s� �C�a�l�c�u�l�a�t�i�o�n� �T�i�m�e� �i�n� �S�e�c�o�n�d�s�.� 

�S�o�u�r�c�e� �d�f� 
�B�E�T�W�E�E�N� 

�E�x�p�e�r�i�e�n�c�e�,� �E� �1� 
�I�n�s�t�r�u�c�t�i�o�n�,� �|� �2� 

�E�x�l� �2� 
�S�/�E�l� �3�0� 

�W�I�T�H�I�N� 
�M�e�t�h�o�d�,� �M� �1� 

�M�x�E� �1� 
�M� �x� �|� �2� 

�M�x�E�x�!�l� �2� 
�M� �x� �S�/�E�l� �3�0� 

�T�O�T�A�L� �7�1� 

�S�S� 

�2�8�3�4�5�8�0�.�5� 
�1�0�5�5�8�0�6�.�8�6� 
�2�3�6�3�7�2�5�.�5�8� 
�2�4�2�6�4�3�4�4�5� 

�8�0�9�3�6�0�5�.�5�6� 
�2�8�9�3�6�1�6�.�0�6� 
�9�7�9�4�9�6�.�8�6�1� 
�2�3�9�2�5�0�0�.�0�3� 
�2�4�2�6�4�9�5�1�.�5� 

�6�9�1�4�2�6�2�7�.�4� 

�M�S� 

�2�8�3�4�5�8�0�.�5� 
�5�2�7�9�0�3�.�4�3�1� 
�1�1�8�1�8�6�2�.�7�9� 
�8�0�8�8�1�1�.�4�8�3� 

�8�0�9�3�6�0�5�.�5�6� 
�2�8�9�3�6� �1�6�.�0�6� 
�4�8�9�7�4�8�.�4�3�1� 
�1�1�9�6�2�5�0�.�0�1� 
�8�0�8�8�3�1�.�7�1�7� 

�3�.�5�0� 
�0�.�6�5� 
�1�.�4�6� 

�1�0�.�0�1� �*� 
�3�.�5�8� 
�0�.�6�1� 
�1�.�4�8� 

�p�-�v�a�l�u�e� 

�0�.�0�7�1�0� 
�0�.�5�2�7�9� 
�0�.�2�4�8�0� 

�0�.�0�0�3�6� 
�0�.�0�6�8�3� 
�0�.�5�5�2�3� 
�0�.�2�4�4�0� 

� � 

�*� �S�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� �0�.�0�5� 
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�s�e�c�o�n�d�s�.� �T�h�i�s� �v�a�l�u�e� �i�s� �s�t�i�l�:� �l�o�n�g�e�r� �t�h�a�n� �t�h�e� �l�o�n�g�e�s�t� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �e�x�h�i�b�i�t�e�d�,� �a�n�d� 

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

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

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

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

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

�l�e�v�e�l� �a�n�d� �t�h�e� �N�R�R�,� �o�r� �H�M�L� �v�a�l�u�e�s�,� �p�r�o�v�i�d�e�d�.� �T�h�e� �r�a�w� �d�a�t�a� �a�n�d� �A�N�O�V�A� 

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

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

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

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

�e�q�u�i�v�a�l�e�n�t� �o�f� �p�e�r�c�e�n�t�a�g�e�)� �m�a�d�e� �b�y� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s� �(�0�.�2�5�6�9� �)� 

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

�(�0�.�0�7�6�4� �)�,� �a�n�d� �2�)� �T�h�e� �n�u�m�b�e�r� �o�f� �e�r�r�o�r�s� �m�a�d�e� �b�y� �a�l�l� �s�u�b�j�e�c�t�s� �u�s�i�n�g� �t�h�e� �H�M�L� 

�m�e�t�h�o�d� �(�0�.�2�9�1�7�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �n�u�m�b�e�r� �o�f� �e�r�r�o�r�s� �m�a�d�e� �u�s�i�n�g� 

�t�h�e� �N�R�R� �m�e�t�h�o�d� �(�0�.�0�4�1�7�)�.� 

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

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

�l�e�v�e�l� �a�n�d� �t�h�e� �N�R�R�,� �o�r� �H�M�L� �v�a�l�u�e�s�,� �p�r�o�v�i�d�e�d�.� �T�h�e� �r�a�w� �d�a�t�a� �a�n�d� �A�N�O�V�A� 

�s�u�m�m�a�r�y� �t�a�b�l�e� �f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s� �a�r�e� �i�n� �T�a�b�l�e�s� �1�7� �a�n�d� �1�8�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n�,� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �f�a�c�t�o�r�s� �w�e�r�e� �E�x�p�e�r�i�e�n�c�e�,� �M�e�t�h�o�d�,� �a�n�d� �t�h�e�i�r� 

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

�c�o�n�c�l�u�s�i�o�n�s� �c�a�n� �b�e� �m�a�d�e�:� �1�)� �T�h�e� �m�e�a�n� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �o�f� �H�e�a�r�i�n�g� 

�C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s� �(�6�4�6�.�6�1�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �m�e�a�n� 
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�T�A�B�L�E� �1�5� 

�R�a�w� �D�a�t�a� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �C�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� �P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� 
�M�e�a�s�u�r�e� �i�s� �D�e�c�i�m�a�l� �E�q�u�i�v�a�l�e�n�t� �o�f� �P�e�r�c�e�n�t� �E�r�r�o�r�s�.� �L�a�s�t� �R�o�w� �i�n� �E�a�c�h� �C�e�l�l�:� 
�M�e�a�n�,� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)�.� 

� � 

� � 

� � 

� � � � � � � � � � � � 

� � 

� � 

� � 

�E�I�M�1�1�1� �E�I�M�1�1�2� �E�I�M�2�1�1� �|� �E�I�M�2�1�2� 
�0� �0� �0� �0�.�2�5� 
�0� �0� �0� �1� 
�0� �0�.�5� �0� �1� 
�0� �0� �0� �1� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 

�0�,�(�0�)� �0�.�0�8�3�3�,� �(�0�.�2�0�4�1�)� �0�,�(�0�)� �0�.�5�4�1�7�,� �(�0�.�5�1�0�3�)� 

�E�I�M�1�2�1� �E�I�M�1�2�2� �E�I�M�2�2�1� �E�I�M�2�2�2� 
�0� �0�.�5� �0� �0�.�2�5� 
�0� �0� �0� �0�.�5� 
�0� �0� �0� �1� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 

�0�,�(�0�)� �0�.�0�8�3�3�,� �(�0�.�2�0�4�1�)� �0�,�(�0�)� �0�.�2�9�1�7�,� �(�0�.�4�0�0�5�)� 

�E�I�M�1�3�1� �E�I�M�1�3�2� �E�I�M�2�3�1� �E�I�M�2�3�2� 
�0� �0� �1� �0�.�2�5� 
�0� �0�.�2�5� �0�.�5� �0�.�2�5� 
�0� �0�.�2�5� �0� �0�.�2�5� 
�0� �0�.�2�5� �0� �1� 
�0� �1� �0� �0�.�5� 
�0� �0� �0� �0�.�5� 

�0�,�(�0�)� �0�.�2�9�1�7�,� �(�0�.�3�6�8�)� �0�.�2�5�,� �(�0�.�4�1�8�3�)� �0�.�4�5�8�3�,� �(�0�.�2�9�2�3�)� 
�G�r�a�n�d� �M�e�a�n�s� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)� 

�E�x�p�e�r�i�e�n�c�e� �I�n�s�t�r�u�c�t�i�o�n� �M�e�t�h�o�d� 
�N�o�v�i�c�e� �H�.�C�.� �{�|� �N�o�m�o�g�r�a�m� �O�u�t�l�i�n�e� �H�y�p�e�r�m�e�d�i�a� �|�|� �N�R�R� �H�M�L� 

�0�.�0�7� �0�.�2�6� �0�.�1�6� �0�.�0�9� �0�.�2�5� �0�.�0�4� �0�.�2�9� 
�(�0�.�2�1�)� �(�0�.�3�8�)� �|� �(�0�.�3�4�)� �_� �(�0�.�2�4�)� �|� �(�0�.�3�4�)� �(�0�.�1�8�)� �(�0�.�3�7�)� � � � � � � � � � � 

�*� �T�h�e� �c�o�d�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �t�a�b�l�e� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� �E�I�M� �s�t�a�n�d�s� 
�f�o�r� �E�x�p�e�r�i�e�n�c�e�,� �I�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �M�e�t�h�o�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�o�r� �E�x�p�e�r�i�e�n�c�e�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�v�i�c�e�,� �a�n�d� 
�a� �2� �i�n�d�i�c�a�t�e�s� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t�.� �F�o�r� �I�n�s�t�r�u�c�t�i�o�n�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�m�o�g�r�a�m�,� �a� �2� �i�n�d�i�c�a�t�e�s� 
�O�u�t�l�i�n�e�,� �a�n�d� �a� �3� �i�n�d�i�c�a�t�e�s� �H�y�p�e�r�m�e�d�i�a�.� �F�o�r� �M�e�t�h�o�d�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�R�R�,� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� �H�M�L�.� 
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�T�A�B�L�E� �+�6� 

�A�N�O�V�A� �S�u�m�m�a�r�y� �T�a�b�l�e� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �C�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� 
�P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� �M�e�a�s�u�r�e� �i�s� �D�e�c�i�m�a�l� �E�q�u�i�v�a�l�e�n�t� �o�f� �P�e�r�c�e�n�t� �E�r�r�o�r�s�.� 

�S�o�u�r�c�e� �d�f� 
�B�E�T�W�E�E�N� 

�E�x�p�e�r�i�e�n�c�e�,� �E� �1� 
�I�n�s�t�r�u�c�t�i�o�n�,� �|� �2� 

�E� �x�l� �2� 
�S�/�E�!� �3�0� 

�W�I�T�H�I�N� 
�M�e�t�h�o�d�,� �M� �1� 

�M�x�E� �1� 
�M�x�!� �2� 

�M�x�E�x�l� �2� 
�M� �x� �S�/�E�l� �3�0� 

�T�O�T�A�L� �7�1� 

�s�s� 

�0�.�5�8�7� 
�0�.�2�9�7� 
�0�.�0�5�4� 
�1�.�9�3�7� 

�1�.�1�2�5� 
�0�.�1�7�0� 
�0�.�0�4�7� 
�0�.�2�2�0� 
�2�.�8�1�3� 

�7�.�2�5�0� 

�M�S� 

�0�.�5�8�7� 
�0�.�1�4�8�5� 
�0�.�0�2�7� 

�0�.�0�6�4�6� 

�1�.�1�2�5� 
�0�.�1�7�0� 

�0�.�0�2�3�5� 
�0�.�1�1�0� 

�0�.�0�9�3�8� 

�F� 

�9�.�0�9� �*� 
�2�.�3�0� 
�0�.�4�2� 

�1�2�.�0� �*� 
�1�.�8�1� 
�0�.�2�5� 
�1�.�1�7� 

�p�-�v�a�l�u�e� 

�0�.�0�0�5�2� 
�0�.�1�1�7�7� 
�0�.�6�6�2�0� 

�0�.�0�0�1�6� 
�0�.�1�8�8�2� 
�0�.�7�7�9�9� 
�0�.�3�2�3�2� 

� � 

�*� �S�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� �0�.�0�5� 
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�T�A�B�L�E� �1�7� 

�R�a�w� �D�a�t�a� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �A�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� �P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� 
�M�e�a�s�u�r�e� �i�s� �C�a�l�c�u�l�a�t�i�o�n� �T�i�m�e� �i�n� �S�e�c�o�n�d�s�.� �L�a�s�t� �R�o�w� �i�n� �E�a�c�h� �C�e�l�l�:� �M�e�a�n�,� 
�(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)�.� 
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� � � � � � � � � � 
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� � 

� � 

� � 

�E�I�M�1�1�1� �E�I�M�1�1�2� �|� �E�I�M�2�1�1� �|� �E�I�M�2�1�2� 
�3�1� �1�0�5� �2�0� �8�7� 
�4�6� �2�3�6� �5�6� �3�6�0�0� 
�2�6� �1�2�6� �1�9� �3�6�0�0� 
�3�3� �1�8�2� �1�7� �3�6�0�0� 
�2�2� �4�2� �1�6� �5�6� 
�5�0� �1�2�5� �2�3� �1�7�5� 

�3�4�.�5�,� �(�1�0�.�9�)� �1�3�6�.�0�,� �(�6�6�.�5�3�)� �2�5�.�1�7�,� �(�1�5�.�3�)� �1�8�5�3�.�0�,� �(�1�9�1�4�.�1�4�)� 

�E�I�M�1�2�1� �E�I�M�1�2�2� �E�I�M�2�2�1� �E�I�M�2�2�2� 
�1�8� �5�1� �1�1� �2�4� 
�2�3� �6�3� �1�8� �3�6�0�0� 
�2�7� �8�2� �1�4� �6�3� 
�1�5� �6�9� �1�3� �7�5� 
�3�3� �4�3� �2�2� �2�7�6� 
�2�5� �5�4� �3�7� �1�3�0� 

�2�3�.�5�,� �(�6�.�4�4�)� �6�0�.�3�3�,� �(�1�4�.�0�)� �1�9�.�1�7�,� �(�9�.�5�8�)� �6�9�4�.�6�7�,� �(�1�4�2�6�.�0�3�)� 

�E�I�M�1�3�1� �E�I�M�1�3�2� �E�I�M�2�3�1� �E�I�M�2�3�2� 
�2�4� �7�3� �8� �4�1� 
�8� �3�5� �1�0� �1�9� 
�1�8� �2�3� �2�4� �3�6�0�0� 
�1�3� �2�6� �2�5� �1�9�6� 
�1�6� �6�2� �1�3� �1�7�1� 
�3�1� �6�8� �1�9� �3�6�0�0� 

�1�8�.�3�3�,� �(�8�.�1�7�)� �4�7�.�8�3�,� �(�2�2�.�3�6�)� �1�6�.�5�,� �(�7�.�2�3�)� �1�2�7�1�.�1�7�,� �(�1�8�0�5�.�2�4� 
�G�r�a�n�d� �M�e�a�n�s� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)� 

�E�x�p�e�r�i�e�n�c�e� �I�n�s�t�r�u�c�t�i�o�n� �M�e�t�h�o�d� 
�N�o�v�i�c�e� �H�.�C�.� �|�]� �N�o�m�o�g�r�a�m� �O�u�t�l�i�n�e� �H�y�p�e�r�m�e�d�i�a� �N�R�R� �H�M�L�.� 
�5�3�.�4�4� �6�4�6�.�6�1� �5�1�2�.�2�1� �1�9�9�.�4�2� �3�3�8�.�4�6� �2�2�.�8�9� �6�7�7�.�1�7� 

�(�4�8�.�7�1�)� �(�1�3�4�0�.�9�2�)� �|� �(�1�1�9�3�.�6�5�)� �(�7�2�6�.�4�5�)� �(�1�0�0�5�.�6�6�)� �(�1�1�.�1�7�)� �(�1�3�2�7�.�0�6� � � � � � � � � � � � � 
� � 

�*� �T�h�e� �c�o�d�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �t�a�b�l�e� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� �E�I�M� �s�t�a�n�d�s� 
�f�o�r� �E�x�p�e�r�i�e�n�c�e�,� �I�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �M�e�t�h�o�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�o�r� �E�x�p�e�r�i�e�n�c�e�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�v�i�c�e�,� �a�n�d� 
�a� �2� �i�n�d�i�c�a�t�e�s� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t�.� �F�o�r� �I�n�s�t�r�u�c�t�i�o�n�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�m�o�g�r�a�m�,� �a� �2� �i�n�d�i�c�a�t�e�s� 
�O�u�t�l�i�n�e�,� �a�n�d� �a� �3� �i�n�d�i�c�a�t�e�s� �H�y�p�e�r�m�e�d�i�a�.� �F�o�r� �M�e�t�h�o�d�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�R�R�.� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� �H�M�L�.� 
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�T�A�B�L�E� �1�8� 

�A�N�O�V�A� �S�u�m�m�a�r�y� �T�a�b�l�e� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �A�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� 
�P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� �M�e�a�s�u�r�e� �i�s� �C�a�l�c�u�l�a�t�i�o�n� �T�i�m�e� �i�n� �S�e�c�o�n�d�s�.� 

�S�o�u�r�c�e� �d�f� �s�s� �M�S� �E�F� �p�-�v�a�l�u�e� 
�B�E�T�W�E�E�N� 

�E�x�p�e�r�i�e�n�c�e�,� �E� �1� �6�3�3�3�2�4�1� �6�3�3�3�2�4�1� �8�.�4�4� �*� �0�.�0�0�6�8� 
�I�n�s�t�r�u�c�t�i�o�n�,� �|� �2� �1�1�7�8�8�8�2� �5�8�9�4�4�1�.�1� �0�.�7�9� �0�.�4�6�4�9� 

�E�x�l� �2�]� �8�7�3�5�3�7�.�3� �4�3�6�7�6�8�.�6� �0�.�5�8� �0�.�5�6�4�8� 
�S�/�E�l� �3�0� �2�2�5�0�0�7�1�0� �7�5�0�0�2�3�.�7� 

�W�I�T�H�I�N� 
�M�e�t�h�o�d�,� �M� �1� �7�7�0�5�4�2�9� �7�7�0�5�4�2�9� �1�0�.�3�6� �*� �0�.�0�0�3�1� 

�M�x�E� �1� �6�4�4�5�2�4�7� �6�4�4�5�2�4�7� �8�.�6�7� �*� �0�.�0�0�6�2� 
�M� �x� �|� �2� �1�1�1�1�8�5�1� �5�5�5�9�2�5�.�4� �0�.�7�5� �0�.�.�4�8�2�2� 

�M�x�E�x�l� �2� �8�8�9�3�4�9�.�4� �4�4�4�6�7�4�.�7� �0�.�6�0� �0�.�5�5�6�4� 
�M� �x� �S�/�E�l� �3�0� �2�2�3�1�0�0�1�2� �7�4�3�6�6�7�.�1� 

�T�O�T�A�L� �7�1� �6�9�3�4�8�2�5�8� 
� � 

�*� �S�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� �0�.�0�5� 
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�c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �o�f� �N�o�v�i�c�e� �s�u�b�j�e�c�t�s� �(�5�3�.�4�4�)�,� �a�n�d� �2�)� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �u�s�i�n�g� �t�h�e� 

�H�M�L� �m�e�t�h�o�d� �(�6�7�7�.�1�7�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�n�g�e�r� �t�h�a�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �t�i�m�e� �u�s�i�n�g� �t�h�e� 

�N�R�R� �m�e�t�h�o�d� �(�2�2�.�8�9�)�.� 

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

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

�s�i�t�u�a�t�i�o�n�.� 

�T�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �E�x�p�e�r�i�e�n�c�e� �a�n�d� �M�e�t�h�o�d� �r�e�q�u�i�r�e�d� �a� �p�o�s�t�-�h�o�c� �N�e�w�m�a�n�-� 

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

�a�n�a�l�y�s�i�s� �a�r�e� �i�n� �T�a�b�l�e� �1�9�.� 

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

�s�h�o�w�i�n�g� �t�h�a�t� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s� �u�s�i�n�g� �t�h�e� �H�M�L� �m�e�t�h�o�d� �t�o�o�k� 

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

�s�u�b�j�e�c�t�s� �u�s�i�n�g� �t�h�e� �N�R�R� �m�e�t�h�o�d�,� �o�r� �N�o�v�i�c�e� �s�u�b�j�e�c�t�s� �u�s�i�n�g� �e�i�t�h�e�r� �m�e�t�h�o�d�.� 

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

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

�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �a�n�d� �t�h�e� �N�R�R�,� �o�r� �H�M�L� �v�a�l�u�e�s�,� �p�r�o�v�i�d�e�d�.� �T�h�e� �r�a�w� �d�a�t�a� �a�n�d� 

�A�N�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e� �f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s� �a�r�e� �i�n� �T�a�b�l�e�s� �2�0� �a�n�d� �2�1�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n�,� �t�h�e� �f�a�c�t�o�r�s� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e� �w�e�r�e� �E�x�p�e�r�i�e�n�c�e�,� �M�e�t�h�o�d�,� �a�n�d� 

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

�o�f� �t�h�e�s�e� �f�a�c�t�o�r�s�;� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�l�u�s�i�o�n�s� �c�a�n� �b�e� �m�a�d�e�:� �1�)� �T�h�e� �m�e�a�n� 

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

�C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s� �(�0�.�2�0�8�3�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �n�u�m�b�e�r� �o�f� 

�e�r�r�o�r�s� �m�a�d�e� �b�y� �N�o�v�i�c�e� �s�u�b�j�e�c�t�s� �(�0�.�0�4�8�6�)�,� �a�n�d� �2�)� �T�h�e� �n�u�m�b�e�r� �o�f� �e�r�r�o�r�s� �m�a�d�e� 

�u�s�i�n�g� �t�h�e� �H�M�L� �m�e�t�h�o�d� �(�0�.�2�1�5�3�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �n�u�m�b�e�r� �o�f� �e�r�r�o�r�s� 

�m�a�d�e� �u�s�i�n�g� �t�h�e� �N�R�R� �m�e�t�h�o�d� �(�0�.�0�6�9�4�)�.� 
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�T�A�B�L�E� �1�9� 

�N�e�w�m�a�n�-�K�e�u�l�s� �P�o�s�t�-�H�o�c� �A�n�a�l�y�s�i�s� �o�f� �E�x�p�e�r�i�e�n�c�e� �b�y� �M�e�t�h�o�d� �I�n�t�e�r�a�c�t�i�o�n� 
�(�S�i�g�n�i�f�i�c�a�n�t� �D�i�f�f�e�r�e�n�c�e�s� �a�t� �p� �<� �0�.�0�5� �a�r�e� �i�n� �B�o�l�d�)�;� �D�e�p�e�n�d�e�n�t� �M�e�a�s�u�r�e� �i�s� 
�C�a�l�c�u�l�a�t�i�o�n� �T�i�m�e� �i�n� �S�e�c�o�n�d�s�.� 

� � 

� � 

� � 

� � 

 ��I�n�t�e�r�a�c�t�i�o�n� �|� �E�2�M�1� �E�1�M�1� �E�1�M�2� �E�2�M�2� 
�T�o�t�a�l�s� �(�s�e�c�)� �3�6�5� �4�5�9� �1�4�6�5� �2�2�9�1�3� �R�a�n�k� �C�D� 

�9�4� �1�1�0�0� �2�2�5�4�8� �4� �8�1�1�1�.�4�0�6� 
�1�0�0�6� �2�2�4�5�4� �3� �7�3�7�2�.�0�8�8� 

�2�1�4�4�8� �2� �6�1�0�4�.�6�7�8� � � � � � � 
� � 

�*� �T�h�e� �c�o�d�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �t�a�b�l�e� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� �E�M� �s�t�a�n�d�s� �f�o�r� 
�t�h�e� �E�x�p�e�r�i�e�n�c�e� �b�y� �M�e�t�h�o�d� �i�n�t�e�r�a�c�t�i�o�n�.� �F�o�r� �E�x�p�e�r�i�e�n�c�e�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�v�i�c�e�,� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� 
�H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t�.� �F�o�r� �M�e�t�h�o�d�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�R�R�,� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� �H�M�L�.� 

� 



�T�A�B�L�E� �2�0� 

�R�a�w� �D�a�t�a� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �A�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� �P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� 
�M�e�a�s�u�r�e� �i�s� �D�e�c�i�m�a�l� �E�q�u�i�v�a�l�e�n�t� �o�f� �P�e�r�c�e�n�t� �E�r�r�o�r�s�.� �L�a�s�t� �R�o�w� �i�n� �E�a�c�h� �C�e�l�l�:� 
�M�e�a�n�,� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)�.� 
� � 

� � 

� � 

� � 

� � � � � � � � � � � � 

� � 

� � 

� � 

�E�I�M�1�1�1� �E�I�M�1�1�2� �E�I�M�2�1�1� �E�I�M�2�1�2� 
�0� �0�.�2�5� �0� �1� 
�0� �0�.�2�5� �0� �1� 
�0� �0� �0�.�5� �1� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 

�0�,� �(�0�)� �0�.�0�8�,� �(�0�.�1�2�9�1�)� �0�.�0�8�3�3�,� �(�0�.�2�4�0�1�)� �0�.�5�,� �(�0�.�5�4�7�7�)� 

�E�I�M�1�2�1� �E�I�M�1�2�2� �E�I�M�2�2�1� �E�I�M�2�2�2� 
�0� �0� �0� �0�.�5� 
�0� �0� �0� �0�.�2�5� 
�0� �0� �0�.�5� �1� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 

�0�,� �(�0�)� �Q�.� �(�0�)� �0�.�0�8�3�3�,� �(�0�.�2�4�0�1�)� �0�.�2�9�1�7�,� �(�0�.�4�0�0�5�)� 

�E�I�M�1�3�1� �E�I�M�1�3�2� �E�I�M�2�3�1� �E�I�M�2�3�2� 
�0� �0�.�2�5� �0� �1� 
�1� �0� �0� �0�.�2�5� 
�0� �0� �0�.�5� �1� 
�0� �0� �0� �0� 
�0� �0� �0� �0� 
�0� �0� �0� �i�)� 

�0�.�1�6�6�7�,� �(�0�.�4�0�8�2�)� �0�.�0�4�1�7�,� �(�0�.�1�0�2�1�)� �0�.�0�8�3�3�,� �(�0�.�2�4�0�1�)� �0�.�3�7�5�,� �(�0�.�4�9�3�7�)� 
�G�r�a�n�d� �M�e�a�n�s� �(�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�)� 

�E�x�p�e�r�i�e�n�c�e� �I�n�s�t�r�u�c�t�i�o�n� �M�e�t�h�o�d� 
�N�o�v�i�c�e� �H�.�C�.� �|�|� �N�o�m�o�g�r�a�m� �O�u�t�l�i�n�e� �H�y�p�e�r�m�e�d�i�a� �N�R�R� �H�M�L� 

�0�.�0�5� �0�.�2�4� �0�.�1�7� �0�.�0�9� �0�.�1�7� �0�.�0�7� �0�.�2�2� 
�(�0�.�1�8�)� �(�0�.�3�8�)� �|� �(�0�.�3�4�)� �(�0�.�2�4�)� �(�0�.�3�4�)� �(�0�.�2�1�)� �(�0�.�3�7�)� � � � � � � � � � � � � � � 

�*� �T�h�e� �c�o�d�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �t�a�b�l�e� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� �E�I�M� �s�t�a�n�d�s� 
�f�o�r� �E�x�p�e�r�i�e�n�c�e�,� �I�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �M�e�t�h�o�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�o�r� �E�x�p�e�r�i�e�n�c�e�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�v�i�c�e�,� �a�n�d� 
�a� �2� �i�n�d�i�c�a�t�e�s� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t�.� �F�o�r� �I�n�s�t�r�u�c�t�i�o�n�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�m�o�g�r�a�m�,� �a� �2� �i�n�d�i�c�a�t�e�s� 
�O�u�t�l�i�n�e�,� �a�n�d� �a� �3� �i�n�d�i�c�a�t�e�s� �H�y�p�e�r�m�e�d�i�a�.� �F�o�r� �M�e�t�h�o�d�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�R�R�,� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� �H�M�L�.� 

�8�8� 

� � 
� 



�T�A�B�L�E� �2�1� 

�A�N�O�V�A� �S�u�m�m�a�r�y� �T�a�b�l�e� �f�o�r� �T�e�s�t� �P�r�o�b�l�e�m� �w�i�t�h� �A�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �L�e�v�e�l� 
�P�r�o�v�i�d�e�d�;� �D�e�p�e�n�d�e�n�t� �M�e�a�s�u�r�e� �i�s� �D�e�c�i�m�a�l� �E�q�u�i�v�a�l�e�n�t� �o�f� �P�e�r�c�e�n�t� �E�r�r�o�r�s�.� 
� � 

�S�o�u�r�c�e� �d�f� 
�B�E�T�W�E�E�N� 

�E�x�p�e�r�i�e�n�c�e�,� �E� �1� 
�I�n�s�t�r�u�c�t�i�o�n�,� �|� �2� 

�E�x� �|� �2� 
�S�/�E�l� �3�0� 

�W�I�T�H�I�N� 
�M�e�t�h�o�d�,� �M� �1� 

�M�x�e�E� �1� 
�M� �x� �|� �2� 

�M�x�E�x�|� �2� 
�M� �x� �S�/�E�l� �3�0� 

�T�O�T�A�L� �7�1� 

�S�S� 

�0�.�5�4�3� 
�0�.�0�6�8� 
�0�.�0�8�5� 
�3�.�0�1�5� 

�0�.�4�5�9� 
�0�.�5�4�2� 
�0�.�0�7�4� 
�0�.�0�6�4� 
�2�.�0�1�7� 

�6�.�8�6�8� 

�M�S� 

�0�.�5�4�3� 
�0�.�0�3�4� 

�0�.�0�4�2�5� 
�0�.�1�0�0�5� 

�0�.�4�5�9� 
�0�.�5�4�2� 
�0�.�0�3�7� 
�0�.�0�3�2� 

�0�.�0�6�7�2� 

�F� 

�5�.�4�0� �*� 
�0�.�3�4� 
�0�.�4�2� 

�6�.�8�3� �*� 
�8�.�0�6� �*� 
�0�.�5�5� 
�0�.�4�8� 

�p�-�v�a�l�u�e� 

�0�.�0�2�7�1� 
�0�.�7�1�5�7� 
�0�.�6�5�9�0� 

�0�.�0�1�3�9� 
�0�.�0�0�8�0� 
�0�.�5�8�2�5� 
�0�.�6�2�5�9� 

� � 

�*� �S�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� �0�.�0�5� 

�8�9



�T�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �E�x�p�e�r�i�e�n�c�e� �a�n�d� �M�e�t�h�o�d� �r�e�q�u�i�r�e�d� �a� �p�o�s�t�-�h�o�c� �N�e�w�m�a�n�-� 

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

�t�h�i�s� �p�o�s�t�-�h�o�c� �a�n�a�l�y�s�i�s� �a�r�e� �i�n� �T�a�b�l�e� �2�2�.� 

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

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

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

�S�p�e�c�t�r�a�l� �D�i�s�c�r�i�m�i�n�a�t�i�o�n� 

�T�h�e� �p�e�r�c�e�n�t�-�c�o�r�r�e�c�t� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �(�b�y� �H�M� �o�r� �M�L� �n�o�i�s�e� �c�l�a�s�s�)� �o�f� �t�h�e� �t�w�e�l�v�e� 

�s�o�u�n�d� �s�a�m�p�l�e�s� �w�a�s� �r�e�c�o�r�d�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �1�8� �N�o�v�i�c�e� �s�u�b�j�e�c�t�s�.� �T�h�e� �r�a�w� �d�a�t�a� 

�f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s� �a�p�p�e�a�r� �i�n� �T�a�b�l�e� �2�3�;� �a� �p�i�c�t�o�r�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �p�e�r�c�e�n�t� 

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

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

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

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

�A�N�O�V�A� �s�u�m�m�a�r�y� �t�a�b�l�e� �a�p�p�e�a�r�s� �i�n� �T�a�b�l�e� �2�4�.� �A�s� �c�a�n� �b�e� �s�e�e�n�,� �t�h�e� �S�p�e�c�t�r�u�m� 

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

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

�p�o�s�t�-�h�o�c� �a�n�a�l�y�s�i�s� �a�r�e� �i�n� �T�a�b�l�e� �2�5�.� 

�S�u�m�m�a�r�i�z�i�n�g� �t�h�e�s�e� �r�e�s�u�l�t�s�,� �t�h�e� �p�e�r�c�e�n�t�-�c�o�r�r�e�c�t� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �(�P�C�l�)� �o�f� �1�8� �i�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �a�l�l� �o�t�h�e�r� �s�o�u�n�d� �s�a�m�p�l�e�s�;� �t�h�e� �P�C�I� �o�f� �1�6� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� 

�1�2�,� �P�2�,�P�1�,� �1�1�,� �a�n�d� �P�4�;� �t�h�e� �P�C�I� �o�f� �1�7�,� �1�3�,� �P�3�,� �1�5�,� �a�n�d� �1�4� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �1�2�,� �P�2�,� �P�1�,� 

�1�1�,� �a�n�d� �P�4�;� �l�a�s�t�l�y�,� �1�2� �a�n�d� �P�2� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �P�1�,� �1�1�,� �a�n�d� �P�4�.� �S�t�a�t�e�d� �i�n� �s�i�m�p�l�e�r� 

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

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

�a�Q



�T�A�B�L�E� �2�2� 

�N�e�w�m�a�n�-�K�e�u�l�s� �P�o�s�t�-�H�o�c� �A�n�a�l�y�s�i�s� �o�f� �E�x�p�e�r�i�e�n�c�e� �b�y� �M�e�t�h�o�d� �I�n�t�e�r�a�c�t�i�o�n� 
�(�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �a�t� �p� �<� �0�.�0�5� �a�r�e� �i�n� �b�o�l�d�)�;� �D�e�p�e�n�d�e�n�t� �M�e�a�s�u�r�e� �i�s� �D�e�c�i�m�a�l� 
�E�q�u�i�v�a�l�e�n�t� �o�f� �P�e�r�c�e�n�t� �E�r�r�o�r�.� 
� � 

� � 

� � 

� � 

� � 

�I�n�t�e�r�a�c�t�i�o�n� �|� �E�1�M�2� �E�1�M�1�,� �E�2�M�1� �E�2�M�2� 
�T�o�t�a�l�s� �(�%�)� �0�.�7�5� �1�.�0�0� �7�.�0�0� �R�a�n�k� �C�D� 

�0�.�2�5� �6�.�2�5� �3� �2�.�2�1�7� 
�6�.�0�0� �2� �1�.�8�3�6� � � � � � � � � 

�*� �T�h�e� �c�o�d�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �t�a�b�l�e� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� �E�M� �s�t�a�n�d�s� �f�o�r� 
�t�h�e� �E�x�p�e�r�i�e�n�c�e� �b�y� �M�e�t�h�o�d� �i�n�t�e�r�a�c�t�i�o�n�.� �F�o�r� �E�x�p�e�r�i�e�n�c�e�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�o�v�i�c�e�,� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� 
�H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t�.� �F�o�r� �M�e�t�h�o�d�,� �a� �1� �i�n�d�i�c�a�t�e�s� �N�R�R�,� �a�n�d� �a� �2� �i�n�d�i�c�a�t�e�s� �H�M�L�.� 
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�T�A�B�L�E� �2�3� 

�R�a�w� �D�a�t�a� �(�i�n� �P�e�r�c�e�n�t�a�g�e�)� �f�o�r� �t�h�e� �P�e�r�c�e�n�t�-�C�o�r�r�e�c�t� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �H�M� �a�n�d� �M�L� 
�N�o�i�s�e� �C�l�a�s�s� �f�o�r� �t�h�e� �T�w�e�l�v�e� �S�o�u�n�d� �S�p�e�c�t�r�a�.� �E�a�c�h� �C�e�l�l� �R�e�p�r�e�s�e�n�t�s� �P�e�r�c�e�n�t�a�g�e� 
�f�r�o�m� �F�i�v�e� �T�r�i�a�l�s�.� 
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 

�s�u�p�e� �1� �P�1� �|� �1�6� �1�7� �P�2� �1�4� �1�8� �P�3� �1�3� �[�5� �P�4� �|� �[�2� �|� 

�1� �1�0�0� �|� �1�0�0� �0� �2�0� �|� �8�0� �2�0� �0� �1�0�0� �}� �2�0� �|� �8�0� �}� �1�0�0�;� �1�0�0� 
�2� �1�0�0� �;� �1�0�0�;� �8�0� �8�0� �1�0�0�;� �4�0� �2�0� �4�0� �0� �6�0� �1�0�0� �|� �1�0�0� 
�3� �1�0�0� �|� �1�0�0�;� �2�0� �0� �1�0�0�;� �2�0� �0� �0� �4�0� �4�0� �|� �1�0�0� �|� �1�0�0� 
�4� �1�0�0� �|� �1�0�0�]� �2�0� �4�0� �|� �1�0�0�;� �6�0� �2�0� �4�0� �6�0� �6�0� �;� �1�0�0� �|� �8�0� 
�5� �1�0�0� �|� �1�0�0�]� �2�0� �0� �1�0�0� �0� �0� �0� �8�0� �|� �1�0�0� �|� �1�0�0� �0� 
�6� �1�0�0� �6�0� �1�0�0� �4�0� �0� �2�0� �0� �1�0�0� �2�0� �1�0�0� �|� �1�0�0� �|� �1�0�0� 
�7� �1�0�0� �|� �1�0�0� �|� �8�0� �6�0� �|� �1�0�0�]� �1�0�0� �0� �0� �4�0� �0� �1�0�0� �;� �1�0�0� 
�8� �1�0�0� �|� �8�0� �0� �0� �2�0� �6�0� �0� �1�0�0� �|�}� �4�0� �|�}� �2�0� �}� �1�0�0�}� �2�0� 
�9� �1�0�0� �|� �1�0�0� �0� �0� �1�0�0� �|� �2�0� �2�0� �0� �0� �0� �1�0�0� �|� �8�0� 

�1�0� �}� �1�0�0� �|� �1�0�0� �0� �0� �1�0�0�;� �2�0� �8�0� �0� �8�0� �|� �1�0�0� �|� �1�0�0� �|� �1�0�0� 
�1�1� �|� �1�0�0� �;� �1�0�0� �|� �8�0� �8�0� �6�0� �8�0� �0� �1�0�0� �|�}� �4�0� �|�;� �4�0� �|� �1�0�0�]� �8�0� 
�1�2� �|� �1�0�0�}� �1�0�0�]� �O� �2�0� �}� �8�0� �|� �2�0� �0� �6�0� �|�}� �1�0�0�;� �6�0� �|� �1�0�0� �]� �1�0�0� 
�1�3� �}�}� �1�0�0� �|� �1�0�0� �0� �4�0� �|� �1�0�0�|� �8�0� �0� �0� �2�0� �|� �2�0� �|� �1�0�0� �|� �2�0� 
�1�4� �7� �1�0�0� �|� �1�0�0�]� �4�0� �0� �6�0� �2�0� �0� �4�0� �6�0� �|� �8�0� �|� �1�0�0�}� �8�0� 
�1�5� �|�}� �1�0�0� �|� �1�0�0� �0� �6�0� �2�0� �|� �1�0�0� �0� �1�0�0� �;� �4�0� �0� �1�0�0� �|� �8�0� 
�1�6� �|� �1�0�0� �|� �1�0�0�]� �2�0� �4�0� �8�0� �|� �1�0�0� �0� �1�0�0� �|� �4�0� �2�0� �|� �1�0�0�]� �8�0� 
�1�7� �|�|� �1�0�0� �|� �1�0�0� �|� �1�0�0� �|� �8�0� �8�0� �8�0� �4�0� �2�0� �|� �1�0�0� �|� �1�0�0�;� �1�0�0� �|�]� �4�0� 
�1�8� �#� �1�0�0� �|� �1�0�0� �0� �4�0� �8�0� �}� �1�0�0� �|�}� �2�0� �8�0� �8�0� �|� �4�0� �|� �1�0�0� �|� �1�0�0� 

�A�V�E�|�|� �1�0�0� �|� �9�6�.�7� �|� �3�1�.�1� �|� �3�3�.�3�]� �7�5�.�6� �|� �5�2�.�2� �|� �1�1�.�1� �|� �4�8�.�9� �|� �4�7�.�8�]� �5�1�.�1� �|� �1�0�0� �|� �7�5�.�6� 

 ��H�M� �N�o�i�s�e� �L�o� �-� �L�a� �(�i�n� �M�L� �N�o�i�s�e� �L�c�o�-�L�a� �(�i�n� �d�B�)� 
�I�n�d�u�s�t�r�i�a�l� �1� �(�1�1�)� �-�2� �i�n�d�u�s�t�r�i�a�l� �8� �(�1�8�)� �3� 
�P�i�n�k� �1� �(�P�1�)� �-�1� �P�i�n�k� �3� �(�P�3�)� �5� 
�I�n�d�u�s�t�r�i�a�l� �6� �(�1�6�)� �0�.�5� �I�n�d�u�s�t�r�i�a�l� �3� �(�1�3�)� �6� 
�I�n�d�u�s�t�r�i�a�l� �7� �(�1�7�)� �0�.�5� �I�n�d�u�s�t�r�i�a�l� �5� �(�1�5�)� �7� 
�P�i�n�k� �2� �(�P�2�)� �1� �P�i�n�k� �4� �(�P�4�)� �8� 
�i�n�d�u�s�t�r�i�a�l� �4� �(�1�4�)� �2� �I�n�d�u�s�t�r�i�a�l� �2� �(�1�2�)� �1�0� 
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�-� �o�O�o� �b�k� �T�t� �©� �o�O� �W�o� �N� �A� �o�D� �w�t� 
�a� �O�o�.� �Q�o�.� 

�S�o�u�n�d� �S�a�m�p�l�e� 

�O�u� 

�F�i�g�u�r�e� �1�0�.� �P�e�r�c�e�n�t�-�c�o�r�r�e�c�t� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a�n� �H�M� �o�r� �M�L� �n�o�i�s�e� �c�l�a�s�s� �f�o�r� �e�a�c�h� �o�f� 

�t�h�e� �t�w�e�l�v�e� �s�o�u�n�d� �s�a�m�p�l�e�s� 
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�T�A�B�L�E� �2�4� 

�A�N�O�V�A� �S�u�m�m�a�r�y� �T�a�b�i�e� �f�o�r� �t�h�e� �P�e�r�c�e�n�t�-�C�o�r�r�e�c�t� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a� �H�M� �o�r� �M�L� 
�N�o�i�s�e� �C�l�a�s�s� �f�o�r� �E�a�c�h� �o�f� �t�h�e� �T�w�e�l�v�e� �S�o�u�n�d� �S�p�e�c�t�r�a�.� 

� � 

� � 

�S�o�u�r�c�e� �d�f� �s�s� �M�S� �F�E� �p�-�v�a�l�u�e� 
�B�E�T�W�E�E�N� 
�S�u�b�j�e�c�t�s�,� �S� �1�7� �1�8�8�1�6�.�6�6�7� 

�W�I�T�H�I�N� 
�S�p�e�c�t�r�a�,� �A� �1�1� �1�6�8�7�6�1�.�1�1�1� �1�5�3�4�1�.�9�1�9� �1�8�.�1�1� �*� �<� �0�.�0�0�0�1� 

�A�x�s� �1�8�7� �1�5�8�4�0�5�.�5�5�6� �8�4�7�.�0�8�9� 

�T�O�T�A�L� �2�1�5� �3�4�5�9�8�3�.�3�3�3� 

�*� �S�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� �0�.�0�5� 

�9�4



�T�A�B�L�E� �2�5� 

�N�e�w�m�a�n�-�K�e�u�l�s� �P�o�s�t�-�H�o�c� �A�n�a�l�y�s�i�s� �f�o�r� �P�e�r�c�e�n�t�-�C�o�r�r�e�c�t� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �H�M� �a�n�d� 
�M�L� �N�o�i�s�e� �C�l�a�s�s�.� �(�S�i�g�n�i�f�i�c�a�n�t� �D�i�f�f�e�r�e�n�c�e�s� �a�t� �p� �<� �0�.�0�5� �a�r�e� �i�n� �B�o�l�d�.�)�;� �D�e�p�e�n�d�e�n�t� 
�M�e�a�s�u�r�e� �i�s� �P�e�r�c�e�n�t�-�C�o�r�r�e�c�t� �I�d�e�n�t�i�f�i�c�a�t�i�o�n�.� 
� � 

� � 

� � 

� � 

�s�a�m�p�l�e� �{�/�1�8� �I�6� �I �� �1�3� �P�3� �1�5� �1�4� �(�2�/�P�2� �P�i� �I�/�P�4� 
�T�o�t�a�l� �(�%�)�}�2�0�0� �5�6�0� �6�0�0� �8�6�0� �8�8�0� �9�2�0� �9�4�0� �1�3�6�0� �1�7�4�0� �1�8�0�0�]� �R�a�n�k�|� �C�D� 

�3�6�0� �4�0�0� �6�6�0� �6�8�0� �7�2�0� �7�4�0� �1�1�6�0� �1�5�4�0� �1�6�0�0�;� �1�0� �|� �5�5�6� 
�4�0� �3�0�0� �3�2�0� �3�6�0� �3�8�0� �8�0�0� �1�1�8�0� �1�2�4�0�!� �9� �|� �5�4�2�.�1� 

�2�6�0� �2�8�0� �3�2�0� �3�4�0� �7�6�0� �1�1�4�0� �1�2�0�0�;� �8� �{�5�2�9�.�7� 
�2�0� �6�0� �8�0� �5�0�0� �8�8�0� �9�4�0� �¢� �1�5�1�4�.�9� 

�4�0� �6�0� �4�8�0� �8�6�0� �8�2�0� �6� �|�4�9�7�.�6� 
�2�0� �4�4�0� �8�2�0� �8�8�0� �5� �|� �4�7�6�.�6� 

�4�2�0� �8�0�0� �8�6�0� �4� �|� �4�4�8�.�2� 
�3�8�0� �4�4�0� �3� �|� �4�0�8�.�7� 

�6�0� �8� �|� �3�4�2� � � � � � � � � 
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�i�d�e�n�t�i�f�y�i�n�g� �a�n�y� �g�i�v�e�n� �s�o�u�n�d� �a�s� �e�i�t�h�e�r� �a�n� �H�M� �o�r� �M�L�.� �I�f� �a� �t�r�e�n�d� �w�a�s� �p�r�e�s�e�n�t�,� 

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

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

�L�i�k�e�r�t� �S�c�a�l�e�s� 

�A� �n�o�n�p�a�r�a�m�e�t�r�i�c� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �O�n�e�-�W�a�y� �A�N�O�V�A� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �e�a�c�h� 

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

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

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

�H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �d�a�t�a� �w�e�r�e� �k�e�p�t� �a�n�d� �a�n�a�l�y�z�e�d� �s�e�p�a�r�a�t�e�l�y�)�.� �H�o�w�e�v�e�r�,� �n�o� 

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

�T�h�e�r�e�f�o�r�e�,� �i�t� �c�a�n� �b�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �b�o�t�h� �t�h�e� �N�o�v�i�c�e� �a�n�d� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� 

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

�I�n� �r�e�g�a�r�d� �t�o� �t�h�e� �f�i�n�a�l� �q�u�e�s�t�i�o�n� �a�s�k�i�n�g� �f�o�r� �a� �y�e�s�/�n�o� �a�n�s�w�e�r� �f�o�r� �o�v�e�r�a�l�l� 

�s�a�t�i�s�f�a�c�t�i�o�n�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�s�u�l�t�e�d�.� �F�o�r� �n�o�v�i�c�e� �s�u�b�j�e�c�t�s�,� �1�0�0�%� �o�f� �t�h�e� �s�u�b�j�e�c�t�s� 

�w�e�r�e� �s�a�t�i�s�f�i�e�d� �w�i�t�h� �a�l�l� �t�h�r�e�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� �t�o�o�l�s� �f�o�r� �t�h�e� �N�R�R� �m�e�t�h�o�d�;� �5�0�%� �w�e�r�e� 

�s�a�t�i�s�f�i�e�d� �w�i�t�h� �t�h�e� �h�y�p�e�r�m�e�d�i�a� �t�o�o�l� �f�o�r� �t�h�e� �H�M�L� �m�e�t�h�o�d�,� �a�n�d� �o�n�l�y� �1�7�%� �w�e�r�e� 

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

�F�o�r� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s�,� �a�g�a�i�n� �1�0�0�%� �w�e�r�e� �s�a�t�i�s�f�i�e�d� �w�i�t�h� �a�l�l� �t�h�r�e�e� 

�t�o�o�l�s� �f�o�r� �t�h�e� �N�R�R� �m�e�t�h�o�d�;� �3�3�%� �w�e�r�e� �s�a�t�i�s�f�i�e�d� �w�i�t�h� �t�h�e� �o�u�t�l�i�n�e� �i�n�s�t�r�u�c�t�i�o�n�s�,� �1�7�%� 

�w�i�t�h� �t�h�e� �h�y�p�e�r�m�e�d�i�a�,� �a�n�d� �n�o�n�e� �w�e�r�e� �s�a�t�i�s�f�i�e�d� �w�i�t�h� �t�h�e� �n�o�m�o�g�r�a�m� �f�o�r� �t�h�e� �H�M�L� 

�m�e�t�h�o�d�.� 
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�C�O�N�C�L�U�S�I�O�N�S� 

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

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

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

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

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

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

�t�e�r�m�s� �o�f� �t�h�e� �t�h�r�e�e� �m�a�j�o�r� �s�e�g�m�e�n�t�s� �o�f� �t�h�e� �s�t�u�d�y�:� �1�)� �b�a�s�e�l�i�n�e� �o�f� �k�n�o�w�l�e�d�g�e� 

�d�e�t�e�r�m�i�n�a�t�i�o�n�,� �2�)� �i�n�s�t�r�u�c�t�i�o�n�a�l� �m�e�t�h�o�d�o�l�o�g�y� �c�o�m�p�a�r�i�s�o�n�,� �a�n�d� �3�)� �s�p�e�c�t�r�a�l� 

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

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

�s�t�u�d�y�.� 

�B�a�s�e�l�i�n�e� �o�f� �K�n�o�w�l�e�d�g�e� �D�e�t�e�r�m�i�n�a�t�i�o�n� 

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

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

�t�o� �u�t�i�l�i�z�e� �t�h�e� �N�R�R� �m�e�t�h�o�d�,� �a� �m�e�t�h�o�d� �t�h�a�t� �h�a�s� �a�p�p�e�a�r�e�d� �i�n� �O�S�H�A� �r�e�g�u�l�a�t�i�o�n�s� �f�o�r� 

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

�i�n�s�t�r�u�c�t�i�o�n�s�,� �o�n�l�y� �5�0�%� �o�f� �t�h�e� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s� �w�e�r�e� �a�b�l�e� �t�o� 

�c�a�l�c�u�l�a�t�e� �a� �c�o�r�r�e�c�t� �a�n�s�w�e�r� �g�i�v�e�n� �t�h�e� �C�-�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�l� �a�n�d� �t�h�e� �N�R�R�;� �o�n�l�y� 

�s�l�i�g�h�t�l�y� �l�e�s�s� �t�h�a�n� �1�7�%� �w�e�r�e� �a�b�l�e� �t�o� �c�a�l�c�u�l�a�t�e� �a� �c�o�r�r�e�c�t� �a�n�s�w�e�r� �w�h�e�n� �t�h�e� �A�-� 

�w�e�i�g�h�t�e�d� �n�o�i�s�e� �l�e�v�e�!� �a�n�d� �t�h�e� �N�R�R� �w�e�r�e� �p�r�o�v�i�d�e�d�.� �A� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� 

�S�u�c�h� �p�o�o�r� �p�e�r�f�o�r�m�a�n�c�e� �o�n� �q�u�e�s�t�i�o�n� �2�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �r�e�g�a�r�d� �t�o� �s�u�b�j�e�c�t�s� �n�o�t� 

�s�u�b�t�r�a�c�t�i�n�g� �7� �f�r�o�m� �t�h�e� �N�R�R�,� �m�i�g�h�t� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� 

�u�s�i�n�g� �t�h�e� �N�R�R� �p�r�i�n�t�e�d� �o�n� �H�P�D� �p�a�c�k�a�g�i�n�g� �i�s� �i�n�c�o�r�r�e�c�t�.� �T�h�e� �p�a�c�k�a�g�e� �d�i�r�e�c�t�i�o�n�s



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

�d�i�r�e�c�t� �c�o�n�t�r�a�d�i�c�t�i�o�n� �t�o� �t�h�e� �O�S�H�A� �r�e�g�u�l�a�t�i�o�n�s� �w�h�i�c�h� �r�e�q�u�i�r�e� �t�h�e� �p�r�e�l�i�m�i�n�a�r�y� 

�s�u�b�t�r�a�c�t�i�o�n� �o�f� �7� �f�r�o�m� �t�h�e� �N�R�R�.� �G�i�v�e�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �d�e�t�e�r�m�i�n�i�n�g� �a�n� 

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

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

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

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

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

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

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

�O�S�H�A�.� �T�h�e�r�e� �i�s� �n�o� �e�x�c�u�s�e� �f�o�r� �h�e�a�r�i�n�g� �c�o�n�s�e�r�v�a�t�i�o�n�i�s�t�s� �t�o� �n�o�t� �t�h�o�r�o�u�g�h�l�y� 

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

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

�A�d�d�i�t�i�o�n�a�l�l�y�,� �n�e�a�r�l�y� �a�l�l� �g�e�n�e�r�a�l� �h�e�a�r�i�n�g� �c�o�n�s�e�r�v�a�t�i�o�n� �t�e�x�t�s� �c�o�v�e�r� �t�h�e� �N�R�R� �m�e�t�h�o�d�,� 

�p�r�o�m�i�n�e�n�t�l�y�,� �B�e�r�g�e�r� �(�1�9�8�6�)� �a�n�d� �G�a�s�a�w�a�y� �(�1�9�8�5�)�.� 

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

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

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

�u�s�e� �t�h�e� �N�R�R� �o�r� �H�M�L� �m�e�t�h�o�d�s�;� �e�a�c�h� �t�o�o�l� �p�e�r�f�o�r�m�e�d� �e�q�u�a�l�l�y� �w�e�l�l�,� �o�r� �e�q�u�a�l�l�y� �p�o�o�r�,� 

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

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

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

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

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

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

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

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

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

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

�e�v�e�r�y� �s�u�b�j�e�c�t� �a�s�k�e�d� �a�t� �l�e�a�s�t� �o�n�e� �q�u�e�s�t�i�o�n� �w�h�e�n� �t�r�y�i�n�g� �t�o� �u�s�e� �t�h�e� �H�M�L�.� �S�i�n�c�e� �t�h�e� 

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

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

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

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

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

�g�r�e�a�t�e�r� �s�p�e�e�d�.� 

�D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �N�R�R� �a�n�d� �H�M�L� �m�e�t�h�o�d�s�.� �T�h�e� �N�R�R� �m�e�t�h�o�d� 

�s�c�o�r�e�d� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �H�M�L� �m�e�t�h�o�d� �i�n� �a�l�l� �f�o�u�r� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�a�l�y�s�e�s�;� �t�h�e�s�e� 

�i�n�c�l�u�d�e�d� �t�h�e� �t�w�o� �s�p�e�c�i�a�l�-�c�a�s�e� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �N�I�O�S�H� �m�e�t�h�o�d� �n�u�m�b�e�r� �3� �a�n�d� 

�t�h�e� �H�M�L�-�Q�u�i�c�k�y� �w�h�e�r�e� �o�n�l�y� �A�-�w�e�i�g�h�t�e�d� �s�o�u�n�d� �l�e�v�e�l�s� �w�e�r�e� �p�r�o�v�i�d�e�d�.� �T�h�e� 

�m�e�t�h�o�d�'�s� �i�n�h�e�r�e�n�t� �s�i�m�p�l�i�c�i�t�y� �l�e�a�d�s� �t�o� �q�u�i�c�k� �r�e�s�u�l�t�s� �w�i�t�h� �l�i�t�t�l�e� �r�o�o�m� �f�o�r� �e�r�r�o�r�.� �I�n� �a�l�l� 

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

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

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

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

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

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

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

�H�M�L� �a�n�d� �H�M�L�-�Q�u�i�c�k�y� �m�e�t�h�o�d�s�,� �u�s�i�n�g� �t�h�e� �t�h�r�e�e� �t�o�o�l�s� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�,� �m�u�s�t� �b�e� 

�t�h�e� �c�a�u�s�e� �o�f� �t�h�e� �p�o�o�r� �s�u�c�c�e�s�s� �r�a�t�e�.� 

�D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �N�o�v�i�c�e� �a�n�d� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s�.� 

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

�p�e�r�f�o�r�m�e�d� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�s� �f�o�r� �t�h�e� �N�R�R� �a�n�d� �H�M�L� �m�e�t�h�o�d�s� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y� �a�n�d� 

�m�o�r�e� �q�u�i�c�k�l�y�.� �I�t� �s�h�o�u�l�d� �a�l�s�o� �b�e� �n�o�t�e�d� �f�o�r� �t�h�e� �H�M�L� �m�e�t�h�o�d� �t�h�a�t� �a�l�m�o�s�t� �a�l�l� �N�o�v�i�c�e� 

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

�w�i�t�h�o�u�t� �c�o�n�c�e�s�s�i�o�n�;� �s�i�x� �o�f� �t�h�e� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s� �(�o�n�e�-�t�h�i�r�d� �o�f� �t�h�e�i�r� 

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

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

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

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

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

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

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

�t�h�a�n� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�i�s�t� �s�u�b�j�e�c�t�s�:� �1�)� �W�h�i�l�e� �N�o�v�i�c�e� �s�u�b�j�e�c�t�s� �f�o�l�l�o�w�e�d� �t�h�e� 

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

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

�B�a�s�e�l�i�n�e� �o�f� �K�n�o�w�l�e�d�g�e� �d�e�t�e�r�m�i�n�a�t�i�o�n�,� �w�h�a�t� �t�h�e�y� �a�l�r�e�a�d�y� �k�n�e�w�,� �w�a�s� �w�r�o�n�g�.� �2�)� 

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

�d�e�s�p�i�t�e� �a�l�l� �a�t�t�e�m�p�t�s� �b�y� �t�h�e� �e�x�p�e�r�i�m�e�n�t�e�r� �t�o� �d�o� �s�o�.� 
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�S�p�e�c�t�r�a�l� �D�i�s�c�r�i�m�i�n�a�t�i�o�n� �A�s�s�e�s�s�m�e�n�t� 

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

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

�i�n�t�o� �h�i�g�h� �f�r�e�q�u�e�n�c�y�-�d�o�m�i�n�a�t�e�d� �(�H�M�)�,� �o�r� �l�o�w� �f�r�e�q�u�e�n�c�y�-�d�o�m�i�n�a�t�e�d� �(�M�L�)� �c�l�a�s�s�e�s�.� 

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

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

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

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

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

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

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

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

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

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

�r�e�q�u�i�r�e�d� �b�y� �t�h�e� �H�M�L�-�Q�u�i�c�k�y� �m�e�t�h�o�d�;� �t�h�e�r�e�f�o�r�e�,� �t�h�i�s� �m�e�t�h�o�d� �s�i�m�p�l�y� �c�a�n�n�o�t� �b�e� 

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

�d�i�f�f�e�r�e�n�c�e� �t�h�r�e�s�h�o�l�d� �b�e�t�w�e�e�n� �t�h�e� �H�M� �a�n�d� �M�L� �n�o�i�s�e� �c�l�a�s�s�e�s� �b�e� �d�e�t�e�r�m�i�n�e�d�,� �a�n�d� 

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

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

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

�w�i�t�h� �b�o�t�h� �A�-� �a�n�d� �C�-�w�e�i�g�h�t�i�n�g� �n�e�t�w�o�r�k�s� �i�f� �t�h�e� �H�M�L� �m�e�t�h�o�d� �i�s� �t�o� �b�e� �u�t�i�l�i�z�e�d�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�A�m�e�r�i�c�a�n� �N�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�s� �I�n�s�t�i�t�u�t�e� �(�A�N�S�I�)� �(�1�9�7�5�)�.� �M�e�t�h�o�d� �f�o�r� �t�h�e� 

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

�a�t�t�e�n�u�a�t�i�o�n� �o�f� �e�a�r�m�u�f�f�s�.� �A�N�S�I� �S�p�e�c�i�f�i�c�a�t�i�o�n�s� �S�3�.�1�9�-�1�9�7�4�.� �A�m�e�r�i�c�a�n� 

�N�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�s� �I�n�s�t�i�t�u�t�e�.� �N�e�w� �Y�o�r�k�.� 

�A�n�d�r�e�w�s�,� �D�.� �a�n�d� �G�o�o�d�s�o�n�,� �L�.� �(�1�9�9�0�)�.� �A� �C�o�m�p�a�r�a�t�i�v�e� �A�n�a�l�y�s�i�s� �o�f� �M�o�d�e�l�s� �o�f� 

�I�n�s�t�r�u�c�t�i�o�n�a�l� �D�e�s�i�g�n�.� �J�o�u�r�n�a�l� �o�f� �I�n�s�t�r�u�c�t�i�o�n�a�l� �D�e�v�e�l�o�p�m�e�n�t�,� �3� �(�4�)�,� �2�-�1�6�.� 

�A�t�k�i�n�s�,� �W�.� �(�1�9�7�5�)�.� �W�h�a�t� �i�s� �i�n�s�t�r�u�c�t�i�o�n�a�l� �s�y�s�t�e�m�s� �d�e�v�e�l�o�p�m�e�n�t�?� �E�d�u�c�a�t�i�o�n�a�l� 

�T�e�c�h�n�o�l�o�g�y�.� �D�e�c�e�m�b�e�r�,� �1�7�-�2�1�.� 

�B�a�n�a�t�h�y�,� �B�.� �(�1�9�6�8�)�.� �I�n�s�t�r�u�c�t�i�o�n�a�l� �s�y�s�t�e�m�s�.� �B�e�l�m�o�n�t�,� �C�a�l�i�f�.�:� �L�e�a�r� �S�i�e�g�l�a�r�,� �I�n�c�.�/� 

�F�e�a�r�o�n�.� 

�B�e�h�a�r�,� �A�.� �(�1�9�8�1�)�.� �A�t�t�e�n�u�a�t�i�o�n� �o�f� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r�s� �a�n�d� �t�h�e� �N�R�R� �f�a�c�t�o�r�.� 

�A�m�e�r�i�c�a�n� �I�n�d�u�s�t�r�i�a�l� �H�y�g�i�e�n�e� �J�o�u�r�n�a�l�.� �4�2�,� �9�0�4�-�9�0�8�.� 

�B�e�h�a�r�,� �A�.� �(�1�9�9�0�)�.� �T�h�e� �h�i�g�h�,� �m�e�d�i�u�m�,� �a�n�d� �l�o�w� �m�e�t�h�o�d� �-� �a� �b�e�t�t�e�r� �n�o�i�s�e� �r�e�d�u�c�t�i�o�n� 

�r�a�t�i�n�g�?� �A�m�e�r�i�c�a�n� �I�n�d�u�s�t�r�i�a�l� �H�y�g�i�e�n�e� �A�s�s�o�c�i�a�t�i�o�n� �J�o�u�r�n�a�l�,� �5�1� �(�1�2�)�,� �6�5�9�-� 

�6�6�2�.� �|� 

�B�e�r�g�e�r�,� �E�.� �(�1�9�7�9�)�.� �E�A�R�L�O�G� �#�2� �-� �S�i�n�g�l�e� �n�u�m�b�e�r� �m�e�a�s�u�r�e�s� �o�f� �h�e�a�r�i�n�g� �p�r�o�t�e�c�t�o�r� 

�n�o�i�s�e� �r�e�d�u�c�t�i�o�n�.� �I�n�d�i�a�n�a�p�o�l�i�s�,� �I�N�:� �E�-�A�-�R� �D�i�v�i�s�i�o�n�,� �C�a�b�o�t� �C�o�r�p�.� 

�B�e�r�g�e�r�,� �E�.� �(�1�9�8�0�)�.� �E�A�R�L�O�G� �#�5� �-� �H�e�a�r�i�n�g� �P�r�o�t�e�c�t�o�r� �P�e�r�f�o�r�m�a�n�c�e�:� �H�o�w� �T�h�e�y� 

�W�o�r�k� �-� �a�n�d� �-� �W�h�a�t� �G�o�e�s� �W�r�o�n�g� �I�n� �t�h�e� �R�e�a�l� �W�o�r�l�d�.� �I�n�d�i�a�n�a�p�o�l�i�s�,� �I�N�:� �E�-�A�-�R� 

�D�i�v�i�s�i�o�n�,� �C�a�b�o�t� �C�o�r�p�.� 

�B�e�r�g�e�r�,� �E�.� �(�1�9�8�4�)�.� �E�A�R�L�O�G� �#�1�2� �-� �T�h�e� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n� �A�m�e�n�d�m�e�n�t� �(�P�a�r�t� 

�i�l�)�.� �I�n�d�i�a�n�a�p�o�l�i�s�,� �I�N�:� �E�-�A�-�R� �D�i�v�i�s�i�o�n�,� �C�a�b�o�t� �C�o�r�p�.� 
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�B�e�r�g�e�r�,� �E�.� �(�1�9�8�6�)�.� �H�e�a�r�i�n�g� �P�r�o�t�e�c�t�i�o�n� �D�e�v�i�c�e�s�.� �i�n� �B�e�r�g�e�r�,� �E�.�,� �W�a�r�d� �W�.�,� �M�o�r�r�i�l�l� �J�.�,� 

�R�o�y�s�t�e�r� �L�.� �(�e�d�s�.�)� �N�o�i�s�e� �a�n�d� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n� �M�a�n�u�a�l�.� �A�m�e�r�i�c�a�n� 

�I�n�d�u�s�t�r�i�a�l� �H�y�g�i�e�n�e� �A�s�s�o�c�i�a�t�i�o�n�:� �A�k�r�o�n�,� �O�h�i�o�.� 

�B�e�r�g�e�r�,� �E�.� �(�1�9�9�3�)�.� �E�A�R�L�O�G� �#�2�0� �-� �T�h�e� �N�a�k�e�d� �T�r�u�t�h� �A�b�o�u�t� �N�R�R�s�.� �I�n�d�i�a�n�a�p�o�l�i�s�,� 

�I�N�:� �E�-�A�-�R� �D�i�v�i�s�i�o�n�,� �C�a�b�o�t� �C�o�r�p�.� 

�B�i�s�h�o�p�,� �L�.� �(�1�9�7�6�)�.� �S�t�a�f�f� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �i�n�s�t�r�u�c�t�i�o�n�a�l� �i�m�p�r�o�v�e�m�e�n�t�:� �P�l�a�n�s� �a�n�d� 

�p�r�o�c�e�d�u�r�e�s�.� �B�o�s�t�o�n�:� �A�l�l�y�n� �a�n�d� �B�a�c�o�n�.� 

�B�o�t�s�f�o�r�d�,� �J�.� �(�1�9�7�3�)�.� �H�o�w� �t�o� �e�s�t�i�m�a�t�e� �d�B�A� �r�e�d�u�c�t�i�o�n� �o�f� �e�a�r� �p�r�o�t�e�c�t�o�r�s�.� �S�o�u�n�d� �a�n�d� 

�V�i�b�r�a�t�i�o�n�.� �7� �(�1�1�)�,� �3�2�-�3�3�.� 

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

�d�e�v�e�l�o�p�m�e�n�t�.� �E�d�u�c�a�t�i�o�n�a�l� �T�e�c�h�n�o�l�o�g�y�,� �M�a�r�c�h�,� �1�1�-�1�4�.� 

�B�r�i�g�g�s�,� �L�.� �a�n�d� �W�a�g�e�r�,� �W�.� �(�1�9�7�9�)�.� �H�a�n�d�b�o�o�k� �o�f� �p�r�o�c�e�d�u�r�e�s� �f�o�r� �t�h�e� �d�e�s�i�g�n� �o�f� 

�i�n�s�t�r�u�c�t�i�o�n� �2�n�d� �e�d�.� �D�r�a�f�t�.� �F�l�o�r�i�d�a� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�B�r�o�o�k�s�,� �R�.�,� �W�h�i�t�e�h�e�a�d�,� �J�.� �a�n�d� �M�i�l�l�e�r�,� �F�.� �(�1�9�7�3�)�.� �A�p�p�l�i�c�a�t�i�o�n� �o�f� �a� �t�h�r�e�e�-�s�t�a�g�e� 

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

�A�u�d�i�o�v�i�s�u�a�l� �i�n�s�t�r�u�c�t�i�o�n�.� �A�p�r�i�l�,� �1�7�-�2�0�.� 

�B�u�r�k�m�a�n�,� �E�.� �(�1�9�7�6�-�1�9�7�8�)�.� �I�n�d�i�v�i�d�u�a�l�i�z�e�d� �s�c�i�e�n�c�e� �i�n�s�t�r�u�c�t�i�o�n�a�l� �s�y�s�t�e�m� �(�I�S�I�S�)� 

�p�r�o�j�e�c�t� �p�r�o�p�o�s�a�l�.� �U�n�p�u�b�l�i�s�h�e�d� �m�a�n�u�s�c�r�i�p�t�,� �(�A�v�a�i�l�a�b�l�e� �f�r�o�m� �D�e�p�a�r�t�m�e�n�t� �o�f� 

�E�d�u�c�a�t�i�o�n�a�l�,� �R�e�s�e�a�r�c�h�,� �D�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� �F�o�u�n�d�a�t�i�o�n�s�,� �E�d�u�c�a�t�i�o�n� 

�B�u�i�l�d�i�n�g�,� �F�l�o�r�i�d�a� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �T�a�l�l�a�h�a�s�s�e�e�,� �F�l�o�r�i�d�a�.�)�.� 

�C�l�u�f�f�,� �G�.� �(�1�9�8�6�)�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �p�r�o�t�e�c�t�o�r�-�n�o�i�s�e� �i�n�t�e�r�a�c�t�i�o�n� �o�n� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� 

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

�H�y�g�i�e�n�e� �A�s�s�o�c�i�a�t�i�o�n�,� �4�7� �(�4�)�,� �1�9�5�-�1�9�8�.� 
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�C�r�i�t�t�e�n�c�o�n�,� �J�.� �a�n�d� �M�a�s�s�e�y�,� �R�.� �(�1�9�7�8�)�.� �F�l�o�r�i�d�a�'�s� �v�o�c�a�t�i�o�n�a�l� �c�u�r�r�i�c�u�l�u�m� �s�y�s�t�e�m�:� 

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

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

�O�n�t�a�r�i�o�.� 

�D�a�v�i�s�,� �J�.� �(�1�9�7�7�)�.� �D�e�s�i�g�n� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a�n� �i�n�d�i�v�i�d�u�a�l�i�z�e�d� �i�n�s�t�r�u�c�t�i�o�n� 

�p�r�o�g�r�a�m�.� �E�d�u�c�a�t�i�o�n�a�l� �T�e�c�h�n�o�l�o�g�y�.� �D�e�c�e�m�b�e�r�,� �3�6�-�4�1�.� 

�D�a�v�i�s�,� �L�.� �a�n�d� �M�c�C�a�l�l�o�n�,� �E�.� �(�1�9�7�4�)�.� �P�l�a�n�n�i�n�g�,� �c�o�n�d�u�c�t�i�n�g�,� �a�n�d� �e�v�a�l�u�a�t�i�n�g� 

�w�o�r�k�s�h�o�p�s�.� �A�u�s�t�i�n�,� �T�e�x�a�s�:� �L�e�a�r�n�i�n�g� �C�o�n�c�e�p�t�s�.� 

�D�e�d�e�r�i�c�k�,� �W�.� �a�n�d� �S�t�u�r�g�e�,� �H�.� �(�1�9�7�5�)�.� �A�n� �o�p�e�r�a�t�i�o�n�a�l� �i�n�s�t�r�u�c�t�i�o�n�a�l� �s�y�s�t�e�m�s� �m�o�d�e�l�:� 

�U�.� �S�.� �N�a�v�a�l� �t�r�a�i�n�i�n�g�.� �E�d�u�c�a�t�i�o�n�a�l� �T�e�c�h�n�o�l�o�g�y�,� �J�u�n�e�,� �2�8�-�3�2�.� 

�D�i�c�k�,� �W�.� �a�n�d� �C�a�r�e�y�,� �L�.� �(�1�9�7�8�)�.� �T�h�e� �s�y�s�t�e�m�a�t�i�c� �d�e�s�i�g�n� �o�f� �i�n�s�t�r�u�c�t�i�o�n� �2�n�d� �e�d� 

�C�h�i�c�a�g�o�:� �S�c�o�t�t�,� �F�o�r�e�s�m�a�n�.� 

�D�i�c�k�,� �W�.� �a�n�d� �C�a�r�e�y�,� �L�.� �(�1�9�9�0�)�.� �T�h�e� �s�y�s�t�e�m�a�t�i�c� �d�e�s�i�g�n� �o�f� �i�n�s�t�r�u�c�t�i�o�n� �3�r�d� �e�d�.� 

�H�a�r�p�e�r� �C�o�l�l�i�n�s�.� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y� �(�E�P�A�)� �(�1�9�7�9�)�.� �N�o�i�s�e� �L�a�b�e�l�i�n�g� �R�e�q�u�i�r�e�m�e�n�t�s� 

�f�o�r� �H�e�a�r�i�n�g� �P�r�o�t�e�c�t�o�r�s�.� �F�e�d�e�r�a�l� �R�e�g�i�s�t�e�r�,� �4�2� �(�1�9�0�)� �4�0� �C�F�R� �P�a�r�t� �2�1�1�,� 

�5�6�1�3�9�-�5�6�1�4�7�.� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y� �(�E�P�A�)� �(�1�9�8�1�)�.� �N�o�i�s�e� �i�n� �A�m�e�r�i�c�a�:� �T�h�e� �E�x�t�e�n�t� �o�f� 

�t�h�e� �N�o�i�s�e� �P�r�o�b�l�e�m�.� �E�P�A� �R�e�p�o�r�t� �N�o�.� �5�5�0�/�9�-�8�1�-�1�0�1�.� �U�.�S�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� 

�P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y�,� �W�a�s�h�i�n�g�t�o�n�,� �D�C�.� 

�E�v�e�n�,� �M�.� �(�1�9�7�7�)�.� �A� �n�e�w� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�i�g�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �p�r�o�c�e�s�s� �f�o�r� 

�i�n�s�t�r�u�c�t�o�r�s� �o�f� �a�d�u�l�t�s�.� �L�i�n�c�o�l�n�,� �N�e�b�.�:� �U�n�i�v�e�r�s�i�t�y� �o�f� �N�e�b�r�a�s�k�a�.� 

�F�r�i�e�s�e�n�,� �P�.� �(�1�9�7�3�)�.� �D�e�s�i�g�n�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�:� �A� �s�y�s�t�e�m�a�t�i�c� �o�r� �"�s�y�s�t�e�m�s�"� �a�p�p�r�o�a�c�h� 

�u�s�i�n�g� �p�r�o�g�r�a�m�m�e�d� �i�n�s�t�r�u�c�t�i�o�n� �a�s� �a� �m�o�d�e�l�.� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�A�:� �M�i�l�l�e�r� 

�P�u�b�l�i�s�h�i�n�g�.� 
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�G�a�g�n�e�,� �R�.� �(�1�9�8�5�)�.� �C�o�n�d�i�t�i�o�n�s� �o�f� �l�e�a�r�n�i�n�g� �(�4�t�h� �e�d�.�)� �N�e�w� �Y�o�r�k�:� �H�o�l�t�,� �R�i�n�e�h�a�r�t�,� �a�r�d� 

�W�i�n�s�t�o�n�.� 

�G�a�g�n�e�,� �R�.� �a�n�d� �B�r�i�g�g�s�,� �L�.� �(�1�9�7�4�)�.� �P�r�i�n�c�i�p�l�e�s� �o�f� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�i�g�n�.� �N�e�w� �Y�o�r�k�:� 

�H�o�l�t�,� �R�i�n�e�h�a�r�t� �a�n�d� �W�i�n�s�t�o�n�.� 

�G�a�s�a�w�a�y�,� �(�1�9�8�5�)�.� �H�e�a�r�i�n�g� �C�o�n�s�e�r�v�a�t�i�o�n�,� �A� �P�r�a�c�t�i�c�a�l� �M�a�n�u�a�l� �a�n�d� �G�u�i�d�e�.� 

�P�r�e�n�t�i�c�e� �H�a�l�l� �I�n�c�.�:� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�e�w� �J�e�r�s�e�y�.� 

�G�l�a�s�e�r�,� �R�.� �(�1�9�6�6�)�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �b�a�s�e�s� �f�o�r� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�i�g�n�.� �A�V� 

�C�o�m�m�u�n�i�c�a�t�i�o�n� �R�e�v�i�e�w�.� �1�4�(�4�)�,� �4�3�3�-�4�4�8�.� 

�G�r�o�p�p�e�r�,� �B�.� �(�1�9�7�3�)�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �c�o�u�r�s�e� �c�o�n�t�e�n�t� �a�n�d� �i�n�s�t�r�u�c�t�i�o�n�a�l� 

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

�d�i�f�f�u�s�i�o�n�,� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �p�e�r�s�o�n�n�e�l�.� �E�R�I�C� �D�o�c�u�m�e�n�t� �R�e�p�r�o�d�u�c�t�i�o�n� 

�S�e�r�v�i�c�e� �N�o�.� �E�D� �0�8�5� �3�4�9�.� 

�G�r�o�p�p�e�r�,� �G�.� �(�1�9�7�7�)�.� �O�n� �g�a�i�n�i�n�g� �a�c�c�e�p�t�a�n�c�e� �f�o�r� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�i�g�n� �i�n� �a� �u�n�i�v�e�r�s�i�t�y� 

�s�e�t�t�i�n�g�.� �E�d�u�c�a�t�i�o�n�a�l� �T�e�c�h�n�o�l�o�g�y�.� �D�e�c�e�m�b�e�r�,� �p� �7�-�1�2�.� 

�H�a�y�m�a�n�,� �J�.� �(�1�9�7�4�)�.� �T�h�e� �s�y�s�t�e�m�s� �a�p�p�r�o�a�c�h� �a�n�d� �e�d�u�c�a�t�i�o�n�.� �T�h�e� �E�d�u�c�a�t�i�o�n�a�l� 

�F�o�r�u�m�,� �M�a�y�,� �p�.� �4�9�1�-�5�0�1�.� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�s� �O�r�g�a�n�i�z�a�t�i�o�n� �(�I�S�O�)� �(�1�9�8�1�)�.� �"�A�c�o�u�s�t�i�c�s� �-� �H�e�a�r�i�n�g� 

�P�r�o�t�e�c�t�o�r�s� �-� �P�a�r�t� �1�:� �S�u�b�j�e�c�t�i�v�e� �m�e�t�h�o�d� �f�o�r� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �s�o�u�n�d� 

�a�t�t�e�n�u�a�t�i�o�n�"�,� �I�n�t�e�r�n�a�t�i�o�n�a�l� �O�r�g�a�n�i�z�a�t�i�o�n� �f�o�r� �S�t�a�n�d�a�r�d�s�.�,� �I�S�O� �4�8�6�9�-�1�,� 

�S�w�i�t�z�e�r�l�a�n�d�.� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�s� �O�r�g�a�n�i�z�a�t�i�o�n� �(�{�S�O�)� �(�1�9�9�2�)�.�  ��A�c�o�u�s�t�i�c�s� �-� �H�e�a�r�i�n�g� 

�P�r�o�t�e�c�t�o�r�s� �-� �P�a�r�t� �2�:� �E�s�t�i�m�a�t�i�o�n� �o�f� �E�f�f�e�c�t�i�v�e� �A�-�W�e�i�g�h�t�e�d� �S�o�u�n�d� �P�r�e�s�s�u�r�e� 

�L�e�v�e�l�s� �W�h�e�n� �H�e�a�r�i�n�g� �P�r�o�t�e�c�t�o�r�s� �A�r�e� �W�o�r�n�"�,� �I�n�t�e�r�n�a�t�i�o�n�a�l� �O�r�g�a�n�i�z�a�t�i�o�n� 

�f�o�r� �S�t�a�n�d�a�r�d�s�,� �!�S�O�/�D�I�S� �4�8�6�9�-�2�.�2�,� �S�w�i�t�z�e�r�l�a�n�d�.� 
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