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(57) ABSTRACT 

Method and system are disclosed for automated testing of a 
patient’s hearing. The automated hearing test alloWs the 
patient to quickly and accurately test his oWn hearing. The 
patient is instructed and prompted for inputs and responses 
as needed. The patient and/or operator can select one or 
several tests to be performed, including air and bone con 
duction testing With masking, speech reception threshold, 
speech discrimination, tympanogram, acoustic re?ex, and 
otoacoustic emissions testing. Stenger screening is automati 
cally performed for some patients based on the difference in 
pure tone frequency air conduction thresholds. Multiple 
languages are supported. Data obtained from one test may be 
used for another test or another iteration of the same test to 
calculate masking levels. The automatic hearing test also 
detects and compensates for ambient noise in the test results. 
If a contingency occurs, the automated hearing test is 
con?gured to page the operator for assistance. 
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STENGER SCREENING IN AUTOMATED 
DIAGNOSTIC HEARING TEST 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to, and hereby 
incorporates by reference, US. Provisional Patent Applica 
tion Ser. No. 60/713,525, entitled “Stenger Screening in 
Automated Diagnostic Hearing Test,” ?led Aug. 31, 2005. 

FIELD OF THE INVENTION 

[0002] This invention is directed in general to the ?eld of 
audiology and in particular to Stenger screening in an 
automated method and system of assessing and analyZing 
hearing loss. 

DESCRIPTION OF THE RELATED ART 

[0003] According to recent studies, over 20 million people 
in the United States alone have some degree of hearing loss. 
The number of people WorldWide Who have some degree of 
hearing loss is estimated to be much greater. Not surpris 
ingly, many of these people are unaWare that they have 
suffered a decrease in hearing capacity. The decreased 
hearing capacity may be due to several factors, including 
age, health, occupation, injury, and disease. This loss of 
hearing can lead to signi?cant reductions in quality of life, 
impaired relationships, reduced access to employment and 
diminished productivity. Failure to treat the hearing loss may 
Worsen the impact. According to the Better Hearing Insti 
tute, the annual cost in the United States in terms of lost 
productivity, special education, and medical care because of 
untreated hearing loss is approximately $56 billion. Much of 
this staggering cost can be reduced or prevented by early 
detection and treatment. Unfortunately, feW people obtain 
regular and frequent hearing tests as a part of their routine 
healthcare due, in part, to the lack of a simple, convenient, 
and relatively inexpensive hearing test. 

[0004] Traditionally, a hearing test is conducted in a 
clinical setting by a hearing health professional, such as an 
audiologist, Who administers the hearing test manually. The 
hearing health professional controls an audiometer to pro 
duce a series of tones that each have a very speci?c 
frequency and intensity. The term “intensity” as used herein 
refers to the amplitude of the tone and is usually stated in 
decibels (dB). The tones are then conducted through a 
transducer, such as earphones or ear inserts, to the patient in 
a quiet room or sound isolation booth. For each audible tone, 
the patient gestures or otherWise indicates that he has heard 
the tone. If the tone is not audible, the patient does not 
respond. The hearing health professional thereafter adjusts 
the intensity level of the tone in preset increments until it 
becomes audible to the patient. By repeating this process for 
several different tones and compiling the results, the hearing 
health professional is able to determine the extent of the 
hearing loss, if any. 

[0005] An advantage of having a hearing health profes 
sional manually administer the hearing test is the hearing 
health professional can apply his considerable training and 
experience during the test. For example, by simply talking to 
the patient and varying the loudness of his voice, the hearing 
health professional can determine an initial intensity level at 
Which to start the tones and sounds. Furthermore, the 
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hearing health professional can adapt the pace of the test as 
needed to accommodate a tired or uncooperative patient. 
More importantly, the hearing health professional can dis 
cern betWeen false responses or guesses and responses that 
are legitimate. Finally, the hearing health professional can 
adjust the results of the hearing test as needed to re?ect 
extenuating circumstances or problems, such as excessive 
ambient noise, equipment limitations, and other similar 
factors. 

[0006] Like most highly trained and specialiZed medical 
professionals, hoWever, a hearing health professional’s time 
and services are usually very expensive. Accessibility and 
convenience may also be issues, as there are feWer hearing 
health professionals relative to other types of medical pro 
fessionals. And While hearing health professionals are highly 
trained, they are limited in their ability to make rapid and 
accurate calculations of the test data and must rely on 
approximations and rules of thumb for guidance in many 
instances. In addition, feW hearing health professionals in 
the United States can speak a foreign language. As a result, 
traditional hearing tests are almost alWays administered in 
English, Which can be a problem for non-English speaking 
patients. 

[0007] Other draWbacks of the traditional, manually 
administered hearing tests include the need for a quiet room 
or sound isolation booth in order to properly conduct the 
tests. The quiet room or sound isolation booth must comply 
With ANSI (American National Standards Institute) require 
ments in terms of hoW much noise may penetrate the room 
or booth during a test. Typically, a specially trained techni 
cian must evaluate and certify the quiet room or sound 
isolation booth as meeting ANSI standards before the room 
or booth can be used. At present, there are relatively feW 
technicians Who are trained to perform such evaluations and 
certi?cations. All the above factors combine to increase the 
complexity of the traditional hearing tests and thereby 
discourage or at least contribute to a general lack of interest 
by most people in obtaining regular and frequent hearing 
tests. 

[0008] One attempt to simplify the traditional hearing test 
involves the use of a computer netWork, such as the Internet, 
to administer the test. The computer netWork facilitates 
interaction betWeen a centraliZed test administration site and 
remotely located patient sites. Such an arrangement makes 
it possible (or at least more convenient) for people in remote 
or rural areas to obtain a hearing test. And the hearing test 
can be performed so that it meets standardiZed guidelines 
such as ANSI requirements or certi?cation standards. 
Despite the increased convenience, a hearing health profes 
sional must still manually administer the test, albeit 
remotely. In this regard, the test is very similar to the 
traditional hearing test and has many of the same shortcom 
1ngs. 

[0009] Accordingly, What is needed is a hearing test that 
overcomes the shortcomings of the traditional hearing test. 
Speci?cally, What is needed is a hearing test that is simpler, 
more convenient, less expensive, can be administered by the 
patient rather than by the hearing health professional, yet 
does not compromise the accuracy or thoroughness of the 
traditional, manually administered hearing test. 
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SUMMARY OF THE INVENTION 

[0010] The present invention is directed to a method and 
system for automated testing of a patient’s hearing. The 
automated hearing test allows the patient to quickly and 
accurately test his own hearing. The patient is instructed and 
prompted for inputs and responses as needed. The patient 
and/or operator can select one or several tests to be per 
formed, including air and bone conduction testing with 
masking, speech reception threshold, speech discrimination, 
tympanogram, acoustic re?ex, and otoacoustic emissions 
testing. Stenger screening is automatically performed for 
some patients based on the difference in pure tone frequency 
air conduction thresholds. Multiple languages are supported. 
Data obtained from one test may be used for another test or 
another iteration of the same test to calculate masking levels. 
The automatic hearing test also detects and compensates for 
ambient noise in the test results. If a contingency occurs, the 
automated hearing test is con?gured to page the operator for 
assistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] A better understanding of the invention may be had 
by reference to the following detailed description when 
taken in conjunction with the accompanying drawings, 
wherein: 

[0012] FIG. 1 illustrates an exemplary system for provid 
ing an automated hearing test according to embodiments of 
the invention; 

[0013] FIG. 2 illustrates a block diagram of the system for 
providing an automated hearing test according to embodi 
ments of the invention; 

[0014] FIG. 3 illustrates the exemplary functional compo 
nents of the automated hearing test according to embodi 
ments of the invention; 

[0015] FIG. 4 illustrates an exemplary ?owchart for a 
main program module according to embodiments of the 
invention; 
[0016] FIG. 5 illustrates an exemplary ?owchart for a pure 
tone frequency module according to embodiments of the 
invention; 
[0017] FIG. 6 illustrates an exemplary ?owchart for a pure 
tone threshold module according to embodiments of the 
invention; 
[0018] FIG. 7 illustrates an exemplary ?owchart for a pure 
tone intensity module according to embodiments of the 
invention; 
[0019] FIG. 8 illustrates an exemplary ?owchart for a pure 
tone initial intensity module according to embodiments of 
the invention; 

[0020] FIG. 9 illustrates an exemplary ?owchart for a set 
pure tone masking levels module according to embodiments 
of the invention; 

[0021] FIG. 10 illustrates an exemplary ?owchart for a 
threshold detection module according to embodiments of the 
invention; 
[0022] FIG. 11 illustrates an exemplary ?owchart for a 
speech reception threshold module according to embodi 
ments of the invention; 
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[0023] FIG. 12 illustrates an exemplary ?owchart for a set 
speech masking levels module according to embodiments of 
the invention; 

[0024] FIG. 13 illustrates an exemplary ?owchart for a 
speech discrimination module according to embodiments of 
the invention; 

[0025] FIG. 14 illustrates an exemplary ?owchart for a 
patient management module according to embodiments of 
the invention; and 

[0026] FIG. 15 illustrates an exemplary ?owchart for a 
Stenger screening module according to embodiments of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] Following is a detailed description of the invention 
with reference to the drawings wherein reference numerals 
for the same or similar elements are carried forward. 

[0028] As mentioned above, the present invention is 
directed to a method and system for automated testing of a 
patient’s hearing. The term “automated testing” as used 
herein refers to testing that is performed primarily by a 
computer, as opposed to testing that is performed primarily 
by a hearing health professional. The automated hearing test 
allows the patient to test his own hearing with minimal or no 
assistance from an audiologist or other hearing health pro 
fessional. Typically, an operator, such as the hearing health 
professional or a trained assistant, helps the patient with the 
initial set up (e.g., seating, putting on the headset, demon 
strating button usage, etc.) and explains how the test works. 
Thereafter, the automated hearing test prompts and instructs 
the patient for all inputs and responses needed. If a contin 
gency occurs, for example, the patient falls asleep, the 
automated hearing test alerts (e.g., by paging) the operator 
as needed. Such a patient-administered hearing test can be 
simpler, more convenient, and less expensive than the tra 
ditional, audiologist-administered test. 

[0029] In addition, the hearing test of the present invention 
provides an accurate and thorough assessment of the 
patient’s hearing. The automated hearing test includes air 
and bone conduction testing with masking, speech reception 
threshold testing, speech discrimination testing, and can 
accommodate tympanogram, acoustic re?ex, otoacoustic 
emission, and acoustic immitance testing. The tests are 
performed in a manner to comply with relevant standards 
and guidelines such as ANSI requirements and other stan 
dards. Furthermore, the automated hearing test can detect 
and compensate for ambient noise and, therefore, does not 
require the use of a certi?ed quiet room or sound isolation 
booth. Finally, the automated hearing test can be con?gured 
for any number of languages for patients in all parts of the 
world. 

[0030] Hearing health professionals will also bene?t from 
the automated hearing test of the present invention. 
Although the test itself requires little or no intervention, a 
hearing health professional still must analyZe the test results 
and recommend treatment. Therefore, the automated hearing 
test is, at least initially, made available only through a 
quali?ed hearing health professional. The hearing health 
professional may offer the automated hearing test as a 
separate service or as part of a more comprehensive service, 



US 2007/0129649 A1 

such as a full physical checkup that patients can obtain 
annually. Since the test requires little or no intervention, the 
hearing health professional does not have to spend much 
time administering the test. As a result, he Will have more 
time for each patient and/or be able to treat more patients. 
Moreover, since the automated hearing test facilitates early 
detection of hearing loss, the treatment needed may be less 
severe than if the hearing loss had been detected later. 

[0031] Referring noW to FIG. 1, a system 100 for provid 
ing automated hearing tests according to some embodiments 
of the invention is shoWn. The system 100 has three main 
components, namely, a computer 102, a display screen 104, 
and at least one transducer 106. Other components of the 
system 100 that may be present include a tympanometer, 
keyboard, mouse, printer, paging system, and the like (indi 
cated generally at 108). The paging system may be any 
suitable paging technology that uses one or more pagers or 
other Wireless mobile devices 108 for alerting the operator. 
The mobile terminal 108 preferably can display text mes 
sages for informing the operator of the nature of the alert. 
Other types of paging system may also be used Without 
departing from the scope of the invention (e. g., Wired paging 
systems). 

[0032] The computer 102 may be any suitable computer, 
from a desktop PC to a high-end Workstation, as the par 
ticular type/model/brand of computer is not overly important 
to the practice of the invention. The display screen 104 may 
likeWise be any suitable display screen, from a CRT to an 
LCD, as the particular type/model/brand of display screen is 
not overly signi?cant for purposes of the present invention. 
In some embodiments, hoWever, a touchscreen monitor may 
be easier to use than conventional CRT for LCD display 
screens in terms of the physical interaction betWeen the 
patient and the automated hearing test. 

[0033] As for the transducer 106, this component may be 
an ear insert, earphones, and the like for air conduction. For 
bone conduction, the transducer 106 may be a vibrator or 
other similar devices. In some cases, the transducer 106 may 
be mounted on a headset Worn by the patient. Usually, a 
separate transducer is used for air conduction versus bone 
conduction and the transducers are sWapped as need during 
the hearing test. Preferably, the bone conduction transducer 
is arranged in such a Way as to alloW testing of either ear 
Without moving the transducer and Without interfering With 
the air conduction transducer. An example of a transducer 
that may be used With the present invention is described in 
US. Patent Application No. l0/438,738, entitled “System 
and Method for Conducting Multiple Diagnostic Hearing 
Tests,” ?led on May 15, 2003, Which is incorporated herein 
by reference. 

[0034] FIG. 2 illustrates the system 100 in block diagram 
form. As can be seen, the computer 102 has a number of 
functional components, including a video unit 200, a central 
processing unit 202, a hearing test device 204, and a storage 
unit 206. These components are Well knoWn in the computer 
art and Will therefore be described only brie?y here. In 
general, the video unit 200 provides the video signals that 
are displayed as images on the display screen 104. In some 
embodiments, the video unit 200 may be any one of several 
commercially available video cards. The central processing 
unit 202 is responsible for the overall operation of the 
computer 102, including execution of the operating system 
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and any softWare applications residing on the computer 102. 
In some embodiments, the central processing unit 202 may 
be any one of several commercially available microproces 
sors. The hearing test device 204 may comprise any or all of 
an audiometer, an otoacoustic emission test device, a tym 
panometer, a masking noise generator, or other hearing test 
devices. In some embodiments, the hearing test device 204 
may be one or more electronic circuit boards Within the 
computer 102 for performing the functionality of such test 
devices. Alternatively, the hearing test device 204 may be a 
separate unit that is external to the computer 102. The 
storage unit 206 provides long-term and temporary (i.e., 
caching) storage for the softWare and data that are used by 
the computer 102 and may include one or more of, for 
example, a hard drive, main memory, removable storage 
(e.g., CD-ROM, ?oppy disk), and the like. 

[0035] In some embodiments, the storage unit 206 also 
stores the automated hearing test of the present invention, 
indicated at 208. More speci?cally, the storage unit 206 
stores a computer-readable version of the automated hearing 
test 208 that can be executed by the computer 102. During 
execution, a portion of the automated hearing test 208 may 
be temporarily loaded from, for example, the hard disk and 
into the main memory components of the storage unit 206. 
In addition to the stand-alone arrangement, it is also possible 
to execute the automated hearing test 208 from a netWork. 
For example, the automated hearing test 208 may be stored 
on a server computer (not expressly shoWn) that is acces 
sible to several client computers. This arrangement has an 
advantage in that updates to the automated hearing test 208 
may be quickly and easily implemented for all client com 
puters via the server computer. Other environments for 
executing the automated hearing test 208 may also be used 
Without departing from the scope of the invention. 

[0036] The source code for the automated hearing test 208 
may be Written in any suitable programming language (e. g., 
C, C++, BASIC, Java). It has been found, hoWever, that 
object oriented programming languages such as C++, Visual 
Basic and Java can result in a someWhat more ef?cient 
program. In addition, the automated hearing test 208 can be 
implemented using a number of different programming 
methodologies (e.g., top-doWn, object oriented). The par 
ticular programming methodology as Well as the particular 
programming language used are not overly important con 
siderations for the practice of the invention. In one embodi 
ment, the methodology of the automated hearing test 208 
involves a plurality of individual modules or object class 
modules With subroutines, properties and functions that may 
be called to perform speci?c tasks. The modules or subrou 
tines can be called from a main routine and from Within 
other modules or subroutines. The subroutines can pass data 
to and from each other as Well as to and from the main 
routine. FIG. 3 shoWs an example of this particular embodi 
ment of the automated hearing test 208. 

[0037] As can be seen in FIG. 3, the automated hearing 
test 208 includes a main program module 300 and a plurality 
of individual subroutines or class modules, including a pure 
tone frequency module 302, and a pure tone threshold 
module 304. A pure tone intensity module 306, a pure tone 
initial intensity determination module 308, and a pure tone 
masking levels module 310 are also present. Other modules 
include a threshold detection module 312, a speech recep 
tion threshold module 314, a speech masking levels module 
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316, a speech discrimination module 318, and a patient 
management module 320. Each functional component 300 
318 may be a modular, stand-alone component that is 
capable of accepting data from and/or passing data to other 
functional components. This modulariZed approach alloWs 
individual functional components 300-318 to function inde 
pendently of other functional components such that one or 
more functional components may be removed from the 
automated hearing test 208 and/or inserted into another 
automated hearing test (not expressly shoWn) With little or 
no modi?cation. In evaluating the various modules, it should 
be emphasiZed that this particular combination of modules is 
exemplary only, and that one or more modules may be 
omitted or other modules may be added as needed. Further 
more, tWo or more modules may be combined into a single 
module, or a single module divided into several sub-mod 
ules as needed. 

[0038] Functionally, the main program module controls 
the general sequence or ?oW of the hearing test 208. When 
speci?c functions or tasks need to be performed, the main 
program module calls the appropriate modules to perform 
the needed functions or tasks. For example, the main pro 
gram module calls the pure tone frequency module in order 
to test the patient’s ability to hear pure tone frequencies. 
Similarly, the speech reception threshold module is called in 
order to test the patient’s ability to hear speech, and the 
speech discrimination module is called in order to test the 
patient’s ability to discriminate betWeen similar sounding 
Words. 

[0039] Each of the modules can also call other modules 
When speci?c functions or tasks need to be performed. For 
example, While the pure tone frequency module controls 
Which pure tone frequencies Will be tested and in What 
sequence, the actual threshold testing is performed by one or 
several other modules. Thus, after being called by the main 
program module, the pure tone frequency module can call, 
for example, the pure tone intensity module in order to 
obtain the patient’s threshold intensity for a given frequency. 
The pure tone intensity module, in turn, calls the pure tone 
initial intensity determination module in order to determine 
the initial intensity level at Which to begin testing. The pure 
tone intensity module also calls the pure tone masking levels 
module in order to determine the amount of masking that 
should be used With a given frequency. Finally, the pure tone 
intensity module calls the threshold detection module in 
order to establish Whether a threshold intensity has been 
reached. The threshold detection module can also be called 
by the speech reception threshold module for the same 
purpose. The speech reception threshold module further 
calls the speech masking levels module in order to determine 
the amount of masking to be used during the speech recep 
tion threshold test. FIGS. 4-13 illustrate one exemplary 
implementation out of several possible implementations for 
each of the modules 302-320. 

[0040] A key design feature of the automated hearing test 
is the ability to share data betWeen all the modules that are 
called. For example, data acquired by the pure tone fre 
quency module during the pure tone frequency test may be 
shared With the speech reception threshold module during 
the speech reception threshold test. Similarly, data acquired 
during one iteration of a module may be shared With another 
iteration of the same module. This type of data sharing 
arrangement results in a more e?icient and more accurate 
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test overall. Where no data exists to be shared, the modules 
may use rules of thumb type data or best-guest type data. 

[0041] Referring noW to FIG. 4, a ?owchart 400 illustrates 
the operation of the main program module according to 
some embodiments of the invention. As mentioned above, 
the main program module controls the general sequence or 
?oW of the automated hearing test 208. The main program 
module alloWs the patient to select Which tests are to be 
performed, then controls When and hoW various subroutines 
or modules are called to carry out the selected tests. After 
initial poWer up, the main program module performs an 
equipment check at step 401 to ensure all components (e.g., 
transducers, audiometer, etc.) of the system are functioning 
properly. Such a check may involve, for example, comparing 
the initial calibration data of the equipment With current 
measurements. In some embodiments, the various compo 
nents of the equipment may be pre-calibrated together as a 
unit during manufacture or assembly. The calibration data 
may then be stored in a storage medium that is connected or 
attached to or sent together With the equipment. A determi 
nation is made at step 402 as to Whether the equipment check 
passed, that is, Whether the equipment is Within a predeter 
mined percentage of the initial calibration data. If the 
equipment check fails, then the main program module issues 
an equipment failure Warning at step 403 and returns to the 
?rst step 401 to re-check the equipment. 

[0042] If the equipment check passes, then the main 
program module proceeds to obtain the patient’s information 
at step 404. This can be done, for example, by prompting the 
patient to manually enter his information (e.g., name, 
address, date of birth, etc.), or by loading the information 
from a previously stored patient ?le. Here, as throughout the 
description, manual prompting may be done visually by 
displaying the instructions as text on the display screen 104, 
or by audio instructions via the transducer 106, or by a 
combination of both in a multimedia approach. At step 405, 
the main program module obtains the patient’s preferred 
language (e.g., English, Spanish, French, etc.), again, by 
prompting the patient, or by loading the selection from a 
previously stored ?le. At step 406, the main program module 
alloWs the patient to select one of several tests to be 
performed, including a tympanogram/acoustic re?ex test, a 
pure tone test, a speech reception threshold test, and a speech 
discrimination test. 

[0043] After the above selection, the main program mod 
ule makes a determination as to Whether the tympanogram/ 
acoustic re?ex test Was selected at step 407. The purpose of 
this test is to check the acoustic admittance of the ear and is 
usually conducted by an operator of a tympanometer (indi 
cated generally at 108). The tympanometer may be any 
suitable tympanometer that can be connected to and com 
municate With the computer 102. Most commercially avail 
able tympanometers have a serial, parallel, or other data port 
that can be used to transfer data to and from the computer 
102. If the tympanogram/acoustic re?ex test Was selected, 
then at step 408, the main program module presents the 
operator With the left ear instructions (e.g., insert tympa 
nometer, start test). At step 409, the main program module 
obtains the left ear data from the tympanometer. The main 
program module thereafter prompts the operator at step 410 
to indicate Whether the data is acceptable. If the operator 
indicates the data is not acceptable, the main program 
module asks the operator at step 411 Whether to keep trying 
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to obtain a tympanogram for the left ear. If the operator 
decides to keep trying, then the main program module 
repeats the process for the left ear starting at step 408. On the 
other hand, if the operator decides not to keep trying, or that 
the data is acceptable, then the main program module runs 
through the same process for the right ear at steps 412, 413, 
414, and 415. 

[0044] In some embodiments, instead of the operator 
performing the tympanogram/acoustic re?ex test, the auto 
mated hearing test 208 may control the tympanometer so 
that the test is performed automatically. In these embodi 
ments, the tympanometer may be a separate unit, or it may 
be a part of the functionality provided by the hearing test 
device 204. The main program module may then be con 
?gured to provide instructions to the patient on hoW to insert 
the probes for the tympanogram/acoustic re?ex test. The 
probes may be standard probes used for such tests, or they 
may be combination probes similar to the one described in 
Us. patent application Ser. No. l0/438,738, mentioned 
above. The main program module then controls the opera 
tion of the tympanometer to initiate the test and acquires the 
resulting data. A similar arrangement may be used for other 
hearing related tests. 

[0045] If the tympanogram/acoustic re?ex test Was not 
selected step 407, then the main program module proceeds 
to step 416, Where it checks Whether the pure tone test Was 
selected. The purpose of this test is to assess What loss has 
occurred in the patient’s ability to hear pure tones (e.g., a 
single frequency or a very narroW band of frequencies). The 
data obtained during the pure tone frequency test can then be 
used for the other tests. If the pure tone test Was not selected, 
the program module proceeds to step 419. If the pure tone 
test Was selected, the main program module thereafter 
presents instructions to the patient at step 417 on hoW to 
perform the test (e. g., What to expect, When to respond, hoW 
to respond, etc.). At step 418, the main program module calls 
the pure tone frequency module to perform the pure tone 
test, the details of Which Will be described beloW. The main 
program module thereafter proceeds to step 419 for the 
speech reception threshold test. 

[0046] At step 419, a determination is made as to Whether 
the speech reception threshold test Was selected. The pur 
pose of this test is to assess What loss has occurred in the 
patient’s ability to hear speech. If the speech reception 
threshold test Was not selected, then the main program 
module proceeds directly to step 422 for the speech dis 
crimination test. If the speech reception threshold test Was 
selected, then the main program module presents instruc 
tions to the patient on hoW to perform the test at step 420 
(e. g., What to expect, When to respond, hoW to respond, etc.). 
The main program module thereafter calls the speech recep 
tion threshold module to perform the speech reception 
threshold tests at step 421, the details of Which Will be 
described beloW. The main program module then proceeds 
to step 422 for the speech discrimination test. 

[0047] At step 422, a determination is made as to Whether 
the speech discrimination test Was selected. The purpose of 
this test is to assess What loss has occurred in the patient’s 
ability to discriminate betWeen similar sounding Words. If 
the speech discrimination test Was not selected, then the 
main program module proceeds directly to step 425 to 
conclude the test session. OtherWise, the main program 
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module presents instructions to the patient on hoW to per 
form the test at step 423 (e.g., What to expect, When to 
respond, hoW to respond, etc.). The main program module 
thereafter performs the speech discrimination tests at step 
424, the details of Which, again, Will be described With 
respect to FIG. 4 beloW. The main program module then 
proceeds to step 425 to conclude the test session. 

[0048] At step 425, the main program module alerts the 
operator that the patient has completed his hearing test, for 
example, by causing the operator to be paged. In some 
embodiments, the main program module also pages the 
operator if the patient does not complete the hearing test 
Within a reasonable amount of time, for example, one hour. 
If the patient has not completed the hearing test Within the 
given time, then that may indicate the patient is having some 
di?iculty progressing through the test. The operator may 
also be paged by the patient, for example, by pressing an 
onscreen button if he needs assistance. Once completed, the 
main program module saves the data acquired from the test, 
for example, by storing the data onto a disk of the storage 
unit 206 at step 426. At step 427, the main program module 
generates and prints a standardized report based on the test 
data from the just concluded test session. 

[0049] At step 428, the main program module offers the 
operator a number of options, including the option to vieW 
the results, repeat the test, begin a neW session, print the test 
data, and archive the results. The main program module 
thereafter Waits for the operator to make a selection. If the 
operator chooses to vieW the results, the main program 
module displays the test data on the display screen 104 at 
step 429, and returns to the previous step. If the operator 
chooses to rerun the hearing test, the main program module 
returns to step 406 and prompts the operator to select the 
tests to be rerun. If, on the other hand, the operator chooses 
to begin a brand neW session, the main program module 
returns to the very ?rst step 401. If the operator chooses to 
print the test results, then the main program module returns 
to step 427 and prints the results. If the operator chooses to 
archive the results, then the main program module returns to 
step 426 and saves the result to disk. 

[0050] Referring noW to FIG. 5, a ?oWchart 500 illustrates 
an exemplary implementation of the pure tone frequency 
module according to embodiments of the invention. The 
pure tone frequency module controls Which pure tone fre 
quencies are tested and in Which sequence. As Will be 
described beloW, a key design feature of the pure tone 
frequency module is its ability to determine Whether certain 
frequencies need to be tested and to bypass the ones that do 
not need testing. This type of frequency selection process is 
very similar to the process that a hearing health professional 
Would go through during a manually administered test and 
can result in a shorter and more e?icient test overall. 

[0051] At the ?rst step 501, the pure tone frequency 
module obtains the threshold intensity for the ?rst pure tone, 
Which is about 1000 HZ in this embodiment. The threshold 
intensity is de?ned as the loWest intensity, rounded to the 
nearest 5 dB, at Which the tone is audible to the patient at 
least 50% of the time. The pure tone frequency module 
obtains the threshold intensity by calling the pure tone 
threshold module and passing to it the frequency to be 
tested. The pure tone threshold module performs the pure 
tone threshold test (described beloW) and returns the results 




























