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Abstract

Background: Several European countries have demonstrated successful use of telephone screening
tests for auditory function. The screening test consists of spoken three-digit sequences presented in a
noise background. The speech-to-noise ratios of the stimuli are determined by an adaptive tracking
method that converges on the level required to achieve 50% correct recognition.

Purpose: A version of the three-digit telephone screening protocol for the United States was developed:
the US National Hearing Test (NHT). The objective of the current study was to determine the sensitivity
and specificity as well as the feasibility of the NHT for use within the Department of Veterans Affairs (VA).

Research Design and Study Sample: Using a multisite study design with convenience sampling, we
used the NHT to collect data from 693 participants (1379 ears) from three geographical areas of the
United States (Florida, Tennessee, and California).

Data Collection and Analysis: The NHT procedures were as follows: the participants (1) called a toll-
free telephone number, (2) entered their assigned ear-specific identification code, (3) listened to 40-sets
of digit triplets presented in speech-spectrum background noise, and (4) entered in the numbers that they
heard on the telephone key pad. The NHT was performed on each ear, either at home orin a VA clinic. In
addition to collecting data from the experimental task, we gathered demographic data and the data from
other standard-of-care tests (i.e., audiometric thresholds and speech recognition tests in quiet and in
noise).

Results: A total of 505 participants completed the NHT at a VA clinic, whereas 188 completed the test at
home. Although the ear-specific NHT and mean pure-tone threshold all correlated significantly (p <
0.001), there were more modest correlations in the low- and high-frequency ranges with the highest cor-
relation seen with the 2000 Hz mean pure-tone threshold. When the NHT 50% point or threshold was
compared with the three-frequency PTA at 500, 1000, and 2000 Hz, the sensitivity was 0.87 and spe-
cificity was 0.54. When comparing the NHT with the four-frequency PTA at 500, 1000, 2000, and 4000 Hz,
the sensitivity was 0.81 and specificity increased to 0.65. The NHT also correlated strongly with other
speech-in-noise measures.
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Conclusions: The NHT was found to correlate with other audiometric measures, including pure-tone
thresholds and speech recognition tests in noise, at sufficiently high correlation values to support its

use as a screening test of auditory function.

Key Words: Diagnostic techniques and procedures, hearing loss, hearing test, screening, sensitivity and

specificity, telephone, validation studies

Abbreviations: AUROC = area under the receiver operating characteristic curve; BP = Bay Pines VA
Healthcare System; CDT = Communication Disorders Technology, Inc.; 4-Freq PTA = four-frequency
PTA at 500, 1000, 2000, and 4000 Hz; LE = left ear; MH = James H. Quillen VA Medical Center,
Mountain Home; NHT = National Hearing Test, NU-6 = Northwestern University Auditory Test No.
6; PTA = pure-tone average; QuickSIN = Quick Speech-In-Noise Test; RE = right ear; ROC =
receiver operating characteristic curve; SF = San Francisco VA Medical Center; SNR = signal-to-
noise ratio; 3-Freq PTA = Three-frequency PTA at 500, 1000, and 2000 Hz; VA = Veterans Affairs;

WIN = Words-In-Noise Test

INTRODUCTION

Ithough hearing loss is reported as the third
A most common chronic health condition among

adult Americans, hearing loss is underdetected
and undertreated (Cruickshanks et al, 1998; Bogardus
et al, 2003; Chia et al, 2007). Hearing loss may be under-
recognized because of its gradual onset and lack of visi-
ble symptoms (Yueh et al, 2010) and may be dismissed
as being either unimportant or an inevitable aspect of
aging by both older listeners and healthcare providers
(Weinstein, 1994; Cacciatore et al, 1999; Dalton et al,
2003). Despite the subtle symptoms and lack of urgency
with which hearing health is sometimes viewed, hearing
loss can be debilitating and is strongly associated with
functional and cognitive decline, depression, and reduced
quality of life (Cacciatore et al, 1999; Bogardus et al, 2003;
Dalton et al, 2003; Chia et al, 2007; Chisolm et al, 2007,
Fellinger et al, 2007; Lin, 2011; Tun et al, 2012).

The aforementioned burden of hearing loss provides
justification for the development and validation of simple
and convenient methods to screen for auditory impair-
ment as a first step in encouraging persons to seek eval-
uation and treatment of hearing loss (Bogardus et al,
2003; Dalton et al, 2003; Chia et al, 2007; Yueh et al,
2010; Chou et al, 2011). In general, health screenings
can be completed in many environments such as health
fairs, open houses, and senior living centers, but most are
conducted during primary care visits (Johnson et al, 2008;
Medwetsky and Scherer, 2011). The US Preventive Serv-
ice Task Force (1996) recommended routine screening of
hearing loss in adults, and other investigators have advo-
cated for the inclusion of hearing screenings as a routine
part of physical examinations for adults 65 yr and older
(Gates et al, 2003; Johnson et al, 2008; Johnson et al,
2009; Yueh et al, 2010). Hearing screenings are benefi-
cial and cost effective in terms of time and resource man-
agement because those who pass the examination do not
require extensive assessment, thus allowing resources to
be allocated to those who require referrals or more com-
prehensive evaluations, leading to access to treatment
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and rehabilitative options (Strong et al, 2005; Yueh
et al, 2010; Demorest et al, 2011). Unfortunately, most
patients who see their healthcare practitioners do not
receive routine screenings for hearing loss (Bogardus
et al, 2003). Despite the evidence of benefit from hear-
ing screenings, there is a paucity of hearing screening
instruments. This deficiency in screening has been attrib-
uted to a lack of organization and innovativeness (McBride
et al, 1994; Bogardus et al, 2003; Davis et al, 2007) that
could be improved if screening tests were a feasible part
of routine care and/or if novel and structured options
existed. Effective screening instruments must be accu-
rate, practical, and administered quickly without speci-
alized training (Strong et al, 2005; Yueh et al, 2010;
Demorest et al, 2011).

A valid screening test identifies individuals who need
a diagnostic evaluation, but does not predict the diagno-
sis (Demorest et al, 2011). With that said, there are many
diverse forms of screening tests, and some have proven to
be more adequate than others because different screen-
ing protocols can evaluate different aspects of hearing
function (Chou et al, 2011). Hearing loss can be ex-
plained in many domains of auditory function, but most
audiologists think of hearing loss in terms of decreased
sensitivity to pure tones. An individual, however, can
have a decreased sensitivity to pure tones but limited
or no loss in functional hearing, such as understanding
speech in quiet or in noise. Or, more commonly, an indi-
vidual can present with normal or near-normal pure-tone
thresholds but have a self-perceived hearing disability
with complaints of difficulty hearing in everyday situa-
tions. Thus, hearing screening protocol can differ in
respect to what it measures, how it measures or quan-
tifies impairment, and what aspect of hearing or func-
tionality the screening test is designed to detect. As a
valid screening test attempts to identify individuals
who need a diagnostic test, several factors influence
what aspect of hearing the screening instrument is
assessing and the quality of that assessment.

As mentioned previously, screening tests are available
in many forms. Possibly the simplest form of a screening
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protocol is a self-report questionnaire. Self-reported
questionnaires can be standardized, inexpensive, easy,
and quick to administer. Such questionnaires are designed
to assess self-perceived handicap associated with hearing
loss but do not provide direct measures of actual hearing
abilities. Although questionnaires have demonstrated
usefulness, they have their limitations and have been
reported to lead to more false-positive responses and
are considered less efficient because they generate numer-
ous clinical visits without positive rehabilitative outcomes
(Yueh et al, 2010). Screening instruments that emit
sounds are reported to provide an aura of legitimacy
that the questionnaires lack (Yueh et al, 2010). The
use of sound to screen for hearing impairment can come
in many forms, such as the antiquated whispered-voice
test that involves whispering numbers or words typi-
cally without visual cues or using a noisemaker such
as rubbing of fingers, tuning forks, or other noncali-
brated noise tools and asking for a response from the
listener. Many of these older tests lack standardization,
validation, and reliability (Bogardus et al, 2003). How-
ever, there are several standardized sound emitting
screening tools, such as tone-emitting otoscopes that
are reported to be efficient screening instruments (Yueh
et al, 2010) or the latest innovation of screening applica-
tions on electronic tablets (e.g., iPads) or online (Albrecht
et al, 2005; Wolfe et al, 2012; Leensen and Dreschler,
2013). The option used by most hearing healthcare pro-
fessionals is the pure-tone screening audiometer. From
kindergarten up, pure tones are used to screen hearing
in the school system, at health fairs, and in occupational
settings (Steinberg et al, 1940; Meinke and Dice, 2007).

Although pure tones may be the most popular screen-
ing stimulus, the frequencies and presentation levels
tested affect the sensitivity and specificity of the instru-
ment. Although specific results about the range and
configuration of hearing loss can be obtained by pure-
tone screening, a lack of ecological validity exists in
the results because pure-tone sensitivity does not suffi-
ciently predict performance in everyday listening situa-
tions, such as understanding speech in the presence of
background noise. Therefore, the use of pure tones as a
screening protocol may not be the optimal stimuli for
assessing hearing functionality. On the other hand,
screening procedures are available that use speech
stimuli that do not evaluate hearing sensitivity directly
but, rather, indirectly by providing evidence about the
auditory functionality most important for everyday com-
munication (Paglialonga et al, 2013). Thus, the use
of speech stimuli increases the ecological validity of a
screening test. The selected speech stimuli, or the actual
words presented, can influence the validity of a screening
test. The relationship among different speech stimuli has
been studied extensively, and it is well known that cer-
tain words are easier to recognize than others; in addi-
tion, words in isolation are more difficult than words

presented with context. In the case of words presented
in isolation, monosyllabic digits, which are basically a
closed-set stimulus, are easily recognized because of
their high familiarity (Miller et al, 1951; Wilson et al,
2008). The use of prerecorded digits with the Western
Electric 4A (later 4C) audiometer was one of the first
widely used auditory tests (Fowler and Fletcher, 1926;
Fletcher and Steinberg, 1929). Digits have continued
to be used as auditory stimuli more recently in dichotic
listening paradigms, as well as for screening tests such
as the telephone-administered screening test being used
in Europe (e.g., Smits et al, 2004).

The use of speech presented in noise requires less
strict acoustical requirements than pure tones, because
of suprathreshold presentation of the speech signal in
controlled background noise (Leensen and Dreschler,
2013). Screening protocol using speech in noise is not
concerned with the amplitude or volume of the signal
necessarily, as long as the listeners have sufficient audi-
bility. Thus, the use of digits-in-noise delivered over the
telephone as an auditory screening technique over-
comes several of the problems associated with speech
in quiet and nonspeech screening stimuli, as well as
improving the convenience and privacy of the screening
test. These tests determine the signal-to-noise ratio
(SNR) required for 50% correct recognition of three-digit
sequences spoken in a noise background (Smits et al,
2004; Smits and Houtgast, 2005; Smits et al, 2006).
Whereas differences among telephone receivers leading
to calibration issues may limit the validity of pure-tone
data obtained with telephones, the measured reliability
of SNR thresholds is reported to be sufficiently high for
hearing screening (Smits et al, 2006; Watson et al, 2012;
Zokoll et al, 2012). A digits-in-noise test can be com-
pleted at the listener’s home, at a booth located in public
area, in a primary care office, or in any relatively quiet
environment, and it is easy to administer and score
using the telephone. During the past eight yr, at least
seven countries have developed some form of a national
telephone hearing screening test, most related to the
European HearCom project (Buschermohle, 2009; Zokoll
et al, 2012; Watson et al, 2012). The digit stimuli for
these tests are presented in the language or dialect
appropriate to each country, and efforts have generally
been made to ensure that the recorded sequences are
equally identifiable. Validation has been completed by
comparing telephone data with other audiometric data
on the same listeners. Additionally, the developers of
those tests report moderately high sensitivity and spe-
cificity for the prediction of performance on other speech
tests or of average pure-tone thresholds. As Watson and
colleagues suggest, the results of these screening tests
should not be regarded as a substitute for a clinical hear-
ing evaluation, but poor performance on the screening pro-
tocol is a reasonable basis on which to advise individuals
to seek an audiological evaluation. The countries with
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established digit-based telephone-administered screening
tests report that many thousands of people have taken
advantage of the opportunity to take a quick, convenient,
and inexpensive hearing screening test (Buschermohle,
2009; Zokoll et al, 2012; Watson et al, 2012).

A US version of the telephone hearing screening test
was developed in a collaborative effort between Commu-
nication Disorders Technology, Inc. (CDT), Indiana Uni-
versity, and VU University, Amsterdam (Watson et al,
2009; 2012). Similar to the Dutch National Hearing Test,
the US National Hearing Test (NHT) uses three-digit
sequences presented in speech-shaped noise that is
matched to the mean spectrum of the spoken digits (Watson
et al, 2012). As an overview, the NHT uses the eight
monosyllabic digits, which excludes the bisyllabic seven.
The three-digit sequences are naturally spoken by an
adult speaker with a General American accent. A unique
sample of speech-shaped noise was added to each triplet
with 200 msec of leading and trailing noise. Thus, each
three-digit sequence is a unique utterance of those digits
and is presented in a unique noise burst. With the NHT,
the initial SNR is —4.5 dB and thereafter a one-up, one-
down tracking procedure, in 2-dB steps, determines suc-
cessive SNR values, converging on the value required to
yield 50% correct recognition (threshold). A total of 40
triplets are presented, and the threshold is the average
SNR defined by the final 37 presentations. The NHT is
implemented on an interactive voice response platform
accessible through a toll-free telephone number, which
is hosted by a commercial telephone service company
(Basis Audionet). The initial validation was completed
at the Indiana University Hearing Clinic (n = 90) and
showed a strong positive relationship between three-
frequency pure-tone averages (3-Freq PTAs; 500, 1000,
and 2000 Hz) and the NHT thresholds [r = 0.74, (Watson
et al, 2012)]. The only speech test used in this initial
study was the Hearing-In-Noise Test (HINT; Nilsson
et al, 1994). The correlation between the HINT and
NHT thresholds was not as strong (r = 0.66), as with
the 3-Freq PTA, nor was it as strong as the correlation
obtained by Smits et al, (2004) between the Dutch NHT
thresholds and a Dutch sentences-in-noise test [r = 0.86,
(Plomp and Mimpen, 1979)].

The aim of the present study was to evaluate the per-
formance of the NHT with a large nation-wide veteran
population and a wide range of audiological measures of
hearing function. This study also included testing in the
home as well as in a clinical setting using both traditional
land-line and cable (VoIP-based) telephones. The sensitiv-
ity and specificity as well as the feasibility of the NHT are
discussed.

METHODS
descriptive study using convenience sampling was

completed to evaluate the NHT. The veteran par-
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ticipants were recruited between April 2010 and October
2011 from the Audiology Clinics at the Bay Pines VA
Healthcare System (BP) in the Tampa Bay area, the
Mountain Home VA Medical Center in Upper East Ten-
nessee (MH), and at the San Francisco VA Medical Center
(SF). All of the participants were enrolled for VA health-
care benefits and received all audiological services free of
charge. The Institutional Review Boards at each VA site
approved all recruitment and study procedures.

The procedures were uniform across the three VA
locations. An intake sheet was completed for each par-
ticipant to gather demographic information (e.g., age,
gender), collect information about their telephone service
provider (e.g., cable or traditional telephone company),
and attributes of the telephone used to complete the
NHT (e.g., cord, cordless, amplified). Pure-tone thresh-
olds and word-recognition performance in quiet were
collected as part of routine clinical evaluations, but if
not obtained during a scheduled clinical visit, a research
assistant completed those tests.

Word recognition in quiet was assessed with the
Northwestern University Auditory Test No. 6 (NU-6;
Tillman and Carhart, 1966) presented at a level intended
to produce maximum performance (Department of Vet-
erans Affairs [VA], 2006). Monaural speech-in-noise data,
measured by the Words-In-Noise (WIN) test (Wilson,
2003; Wilson et al, 2003; Wilson and Burks, 2005; Wilson
and McArdle, 2007) or the Quick Speech-In-Noise (Quick-
SIN) test (Etymotic Research, 2001; Killion et al, 2004),
were collected from each participant. The WIN and Quick-
SIN provide essentially the same estimates of recognition
performance in background noise (Wilson et al, 2007).
The WIN test, which involves the presentation of mono-
syllabic words in multitalker babble at 7 SNRs from
24-0 dB in 4 dB decrements, was presented at 70 dB
HL (ANSI, 2004) to participants with a 3-Freq PTA
of less than 40 dB HL and at 80 dB HL for participants
with higher 3-Freq PTAs (Wilson, 2003). The QuickSIN
test was presented at 75 dB HL and is composed of IEEE
sentences (Institute of Electrical and Electronics Engi-
neers, 1969) embedded in multitalker babble from 25-0
dB SNR in 5 dB decrements. For both speech-in-noise
tests, the participants verbally repeated what they heard
after every presentation, and performance was eval-
uated using the 50% recognition point on the listeners’
psychometric function, calculated with the Spearman-
Karber equation (Finney, 1952). All audiometric testing
took place in a double-walled sound booth using a com-
pact disc player to reproduce the speech materials and a
standard audiometer (Grason-Stadler, Model 61) with
insert earphones (Etymotic, Model ER-3A).

After the audiometric data were collected, the partic-
ipants were randomly assigned to complete the NHT
either at home or at the VA. Regardless of where they
completed the NHT, each participant was provided with
an instruction sheet with the telephone number and
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identification codes to complete the NHT on each ear
(see Appendix). The initial test ear was counterbalanced
to avoid order effects. First, the participants dialed the
toll-free number, listened to the instructions, keyed in
the identification code using the telephone keypad,
and completed the NHT on the ear indicated by keying
in the three-digit response after each triplet presenta-
tion. After completing the NHT on the first ear, the par-
ticipants hung up and repeated the task on the opposite
ear using the second identification code provided. De-
identified NHT data were stored on a server maintained
by CDT. The participants who were assigned to com-
plete the NHT at home were contacted by telephone
if they had not completed the task within 7-14 days.
The follow-up phone call helped ensure completion of
the at-home NHT or offered the participants the oppor-
tunity to withdraw from the study if they no longer
wished to complete the NHT.

RESULTS AND DISCUSSION

he aim of the present study was to evaluate the US

NHT in a large VA population and validate the
NHT by comparing performance on this measure with
other audiological measures. Demographic and audiomet-
ric data are reported as well as speech-in-quiet and speech-
in-noise performances. The NHT results are compared
with the other audiological measures using correlational
analyses. The sensitivity and specificity of the NHT are
calculated and the feasibility of this screening test, based
on the results obtained, is discussed.

Demographics and Audiometric Performance

A total of 693 veterans (20 females, 673 males) partici-
pated in the study, with 248 participants at BP, 293 at
MH, and 152 at SF. The second column of Table 1 lists

Table 1. Mean Ages, 3-Freq PTAs, and 4-Freq PTAs for LE
and RE Listed by Study Site, Along with SDs

3-Freq PTA (dB HL)f 4-Freq PTA (dB HL)%

Site Age (yr) LE RE LE RE
Means
BP 68.6" 36.3 34.3 43.5 41.4
MH 63.5 33.0 31.0 40.4 37.9*
SF 63.5 26.7* 25.9* 33.5* 32.1*
All sites  65.2 32.9 31.1 40.0 37.9
SDs
BP 11.8 18.1 17.5 17.9 17.4
MH 121 15.8 14.5 16.2 15.3
SF 13.9 14.9 15.2 15.8 16.1
All sites  13.1 16.8 16.1 17.1 17.0
*Denotes significant differences across study sites for each measure
(p < 0.05).

500, 1000, and 2000 Hz.
500, 1000, 2000, and 4000 Hz.

the mean age and SDs for the participants by site and
collectively with the distribution of ages illustrated in
Figure 1. The obvious age difference among sites in Table
1 was significant [analysis of variance, F(gg90) = 13.18,
p < 0.001], with the BP participants averaging approx-
imately 5 yr older than the MH and SF participants (p <
0.05, post hoc evaluation with Bonferroni correction).
The mean 3-Freq PTAs (500, 1000, and 2000 Hz) and
four-frequency pure-tone averages (4-Freq PTAs; 500,
1000, 2000, and 4000 Hz) for the left ear (LE) and right
ear (RE) also are listed in Table 1. When site differences
in pure-tone threshold averages were evaluated with
multiple one-way analyses of variance for each ear (see
Table 1), the differences were statistically significant
[F2.6000 = 16.10 (LE 3-Freq PTA), 13.34 (RE 3-Freq
PTA), 16.95 (LE 4-Freq PTA), and 15.27 (RE 4-Freq
PTA), p < 0.00]. Post hoc analysis with Bonferroni cor-
rections revealed that SF participants had all four PTAs
that were significantly better (lower) than the PTAs
from each of the other two sites, and MH was signifi-
cantly better than BP only for the RE 4-Freq PTA. Thus,
the participants from BP were older and generally had
more hearing loss. The differences among sites are a
consequence of the age and audiological function of the
participants and are not associated with geographical
location. Site differences were not considered in any
of the subsequent analyses. The descriptive statistics
for the LE and RE audiograms from the 693 partici-
pants are listed in Table 2. At each of the lower frequen-
cies (250-1000 Hz), mean thresholds for the two ears
were within roughly 1 dB or less. In the higher frequen-
cies (=2000 Hz), the RE thresholds were 2—-3 dB better
(lower) than the LE thresholds. These two relationships
between ears for pure-tone thresholds are a consistent
finding in studies involving large numbers of participants
(e.g., Wilson and McArdle, 2013). Because none of the
between-ear threshold differences were significant, the
pure-tone thresholds were combined by frequency into
the overall mean audiogram (n = 1379 ears) that is
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Figure 1. Distribution of ages for participants.
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Table 2. Mean LE and RE Audiograms (dB HL, ANSI, 2004)
for the 693 participants, Along with SDs and Mean LE
Minus RE Threshold Differences (in dB)

Frequency (Hz)

250 500 1000 2000 4000 80000

LE

Mean 235 257 29.6 43.0 61.6 65.7

SD 14.4 15.0 17.7 22.8 241 27.2
RE

Mean 233 246 28.4 40.1 58.3 63.4

SD 14.3 14.3 16.7 221 24.4 27.7
Difference

LE — RE 0.2 1.1 1.2 2.9 3.3 2.2

illustrated in Figure 2, along with the mean audio-
grams from the three sites.

Speech Recognition Performance

Speech recognition performance in both quiet and
noise were determined for each participant, and the
number of ears that were evaluated by each test is
shown in the third row of Table 3. The mean word rec-
ognition performances in quiet on the NU-6, which
ranged from 0-100% on the participants, are listed in
the left columns of Table 3. The mean performance in
the LE was 2.7% lower than the mean performance
in the RE. Also in Table 3, the ear-specific speech-in-
noise mean performances (and SDs) on the WIN, Quick-
SIN, and NHT are listed. Performances on the WIN
ranged from 0.4-26 dB SNR with mean performances
of 13.1 dB SNR (LE) and 12.7 dB SNR (RE). Perfor-
mance on the QuickSIN ranged from 0.5-27.5 dB SNR
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Figure 2. Mean audiometric data collapsed across ears for all
participants (diamond) and separated by study sites. The SDs
for the overall mean audiometric performance are shown.
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with mean performances of 10.9 dB SNR (LE) and
11.5 dB SNR (RE). The 1-2 dB better performance on
the QuickSIN versus the WIN by the two participant
groups shown in Table 3 is almost identical to the differ-
ence in a previous report from listeners who completed
both speech-in-noise tests (Wilson et al, 2007). In the
right columns of Table 3 are the NHT performances that
ranged from —9.8 to 3.6 dB SNR with mean performan-
ces of —3.5 dB SNR (LE) and —3.7 dB SNR (RE). As a
reminder, all speech-in-noise measures identified the
SNR at which 50% recognition occurred, but the tests
differed in regard to the target-speech stimuli, type of
background noise, and administration mode, which con-
tributed to the differences in mean performances observed
among the tests.

To compare the performance on the NHT with another
speech-in-noise measure, we generated psychometric
functions. For this analysis, the listeners were divided
into 10 groups (deciles) based on the NHT performance
(134 or 135 ears per decile). First, performances on the
NHT were rank-ordered and were then grouped into 10
contiguous segments in which those who performed
best on the NHT were assigned to Group 1 and those
who performed poorest were assigned to Group 10. Data
points (percent correct for each presentation level vis-
ited) were taken from the tracking histories of all par-
ticipants in each decile, excluding the first five trials.
Logistic functions were fit to the data, omitting the data
points based on fewer than 10 observations. Figure 3 is
a 10-panel graph that shows the 10 sets of NHT and
WIN data. Table 4 lists the 50% points and the slopes
of the functions at the 50% points for the decile data.
Figure 4 depicts the family of NHT and WIN functions.
These comparisons show that, from a subset of the same
listeners, although the NHT and WIN use different stim-
uli and were administered under telephone and earphone
conditions, respectively, performance deficits were similar
with the deficits running in the same direction. It is note-
worthy that the WIN data do not appear to be as system-
atic as the NHT data, which is understandable because
the data were organized into deciles on the basis of
NHT performances. In general, although the functions
for the two materials are displaced, the auditory impres-
sion gained from each is the same and the performance
for both the NHT and the WIN clearly improves in a sim-
ilarly systematic and orderly manner as the signal-to-
noise level is increased.

NHT Validation

The main objective of this study was to validate the
NHT results by comparing the NHT thresholds with other
audiometric measures obtained from the same participants.
The following section provides several plots comparing
the NHT thresholds with the PTAs, and the WIN and
QuickSIN performances (Figs. 5, 8, and 9). In addition,
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Table 3. Mean LE and RE Performances and SDs for the NU-6 in Quiet, WIN, QuickSIN, and NHT Tests

NU-6 (%) WIN (dB SNR) QuickSIN (dB SNR) NHT (dB SNR)
LE RE LE RE LE RE LE RE
Mean 79.4 82.1 13.1 12.7 10.9 15 —-3.5 3.7
SD 21.6 19.9 5.6 5.3 6.3 6.9 3.3 32
n 690 689 521 528 151 150 690 689

Note: The number of participants for each procedure is included (n).

correlational analyses were completed between the per-
formances on the NHT and the other audiometric var-
iables, as shown in Figure 6.

Figure 5 contains bivariate plots with the ordinate
containing the NHT thresholds and the abscissae dis-
playing the 3-Freq PTAs (top panels) and 4-Freq PTAs
(bottom panels) for the LEs (left panels) and REs (right
panels). The slopes of the linear regressions used to
describe the data in each panel, all ~0.13%/dB, indicate
a positive relationship between the two variables (i.e.,
the participants with higher PTAs also had higher NHT
thresholds). Indeed, the two variables correlated strongly
for the LE [rggs) = 0.62, p < 0.000] and the RE [reg7) =
0.63, p < 0.000]. The correlations between the 4-Freq
PTA and the NHT were slightly higher for the LE
[ress)y = 0.64, p < 0.000] and RE [rgs7) = 0.66, p <
0.000]. Because both the 3-Freq and 4-Freq PTAs corre-
lated strongly with the NHT performance, it is not sur-
prising that there were significant correlations among
the NHT threshold and the pure-tone thresholds across
the frequency range (250-8000 Hz). Interestingly, as seen
in Figure 6, the strength of the correlation was frequency
dependent. Although the ear-specific NHT performance
and pure-tone thresholds all correlated significantly
(p < 0.001), there were more modest correlations in the
low- and high-frequency ranges with the highest correla-
tion observed with the 2000 Hz threshold.

An additional way of presenting the systematic relation-
ship between the NHT and PTA is depicted in Figure 7.
The fitted NHT psychometric functions for each decile
from Figures 3 and 4 are shown, along with the mean
4-Freq PTA values for each decile. This family of functions
consists of an orderly progression across the deciles, with
a systematic increase in the PTAs across the deciles.
These data reinforce the conclusion that the NHT sys-
tematically discriminates among listeners with different
degrees of hearing sensitivity as measured by the PTA.

Beyond pure-tone threshold correlations, the NHT
correlates strongly with other speech-in-noise measures
as shown in Figures 6, 8, and 9. To minimize superim-
posed datum points in Figures 8 and 9, the WIN and
QuickSIN 50% points were jittered randomly with an
additive algorithm from —0.36 and 0.36 in 0.04 steps.
As seen in Figure 8, WIN performance and the NHT
had a strong positive relationship for the LE [r19) =
0.75, p < 0.000] and RE [r@gs26) = 0.74, p < 0.000] with

regression slopes of 0.42 and 0.44dB/dB, respectively.
Likewise, as illustrated in Figure 9, performance on
the QuickSIN also showed a positive relationship with
the NHT for the LE [r9149) = 0.50, p < 0.000] and
RE [r4g148) = 0.60, p < 0.000] with slopes of 0.27 and
0.28dB/dB, respectively. The correlations between the
NHT and the speech-in-noise measures are high, which
is not surprising because the NHT, WIN, and QuickSIN
are all measures of speech recognition in background
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Figure 3. Psychometric functions for NHT and WIN data show-
ing listeners performing at different levels and examining the cor-
respondence among the functions. For this analysis, the listeners
were divided into 10 groups (deciles) based on their performance
on the NHT.
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Table 4. Points at 50% (dB SNR) Calculated from
Polynomial Equations Used to Fit Mean Data in Figure 3
Listed for NHT and WIN Protocols, Along with Slopes of
Mean Functions at the 50% Points

50% Points
DeciRange NHT  WIN  Diff. NHT WIN Diff.

Slopes at 50% Points

1 -84 62 146 16.1 6.5 8.6
2 =74 74 1438 14.9 6.4 8.5
3 -6.5 8.0 145 13.3 6.4 6.9
4 -56 95 1561 12.8 6.2 6.6
5 -46 118 164 11.8 5.9 5.9
6 -3.7 123 16.0 10.7 6.3 4.4
7 —-27 128 155 9.7 5.9 3.8
8 —-20 157 177 9.1 4.7 4.4
9 -03 184 187 7.8 3.6 4.2
10 44 213 169 3.0 3.2 -0.2

The associations between the NHT and audiometric
performance were also examined with respect to the
location at which the NHT was completed (i.e., VA clinic
or home). Across all study sites, 505 participants com-
pleted the NHT at a VA clinic, whereas 188 participants
completed the test at home. Although an equal number
of participants were randomly assigned to complete the
NHT at home and at the clinic, several participants did
not have landline telephones but, instead, only had cell
phones, which were not included in the present study.
These participants were asked to complete that task at
the clinic. In addition, many other participants left the
clinic and failed to take the NHT at home for unknown
reasons, despite attempts to contact them to encourage
completion. As seen in Table 5, the NHT thresholds
were better (lower) when the task was completed in a
VA clinic compared with tasks completed at the homes
of the participants. The differences in performances
between the two groups only were significant for the
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Figure 4. Family of NHT and WIN functions listed starting from
decile group 1-10.
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Figure 5. Ear-specific bivariate plots with NHT score shown as a
function of the 3-Freq PTA (panels A and B) and 4-Freq PTA (pan-
els C and D). The large filled circle represents the mean data. To
minimize superimposed datum points, the PTA data were jittered
randomly using an additive algorithm from —0.3 to 0.3 in 0.05
steps.

RE [te91,2) = 1.2, p < 0.05]. Factors such as a noisy
room, lack of assistance with the instructions, and lower
quality of telephones at home may have contributed to
the performance difference. Despite these potential
poorer test conditions at home, the data in Table 5 indi-
cate that the at-home group was significantly older, had
more hearing loss for pure tones, and poorer word rec-
ognition scores than the participants who completed the
NHT in a clinic. Thus, the differences in NHT perfor-
mance are likely related to age and hearing loss of the
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Figure 6. The correlations between the SNR required for 50%
correct recognition on the NHT and other measures are shown
for individual audiometric frequencies, for 3-Freq PTA, 4-Freq
PTA, and for the WIN for the LE (x) and RE (o) collapsed across
sites.
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Figure 7. Group psychometric functions for each decile, based on
performance on the NHT. Data points (mean percent correct for
each SNR visited in the tracking procedure) are shown for the first,
fifth, and ninth deciles. Also shown are the mean 4-Freq PTAs
(rounded to the nearest dB HL) for the ears within each decile,
reflecting the strong association between PTA and SNR on the
screening test.

at-home group rather than actual setting in which the
test was completed. For evaluation of this explanation,
the at-home group participants were age matched (=2
mo) to a subgroup of 188 clinic participants (see Age-
Matched Data in Table 5). When matched, the observed
difference of poorer NHT performance by the at-home
group compared with the VA-group disappeared; thus,
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Figure 8. Ear-specific bivariate plots showing the NHT thresh-
old (dB SNR) as a function of the WIN threshold (dB SNR). To min-
imize superimposed datum points, the WIN 50% points were
jittered randomly with an additive algorithm from -0.36 and
0.36 in 0.04 steps. The telephone data were not jittered.
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Figure 9. Ear-specific bivariate plots showing the NHT thresh-
old (dB SNR) as a function of the QuickSIN threshold (dB SNR). To
minimize superimposed datum points, the QuickSIN 50% points
were jittered randomly with an additive algorithm from —0.36
and 0.36 in 0.04 steps. The NHT data were not jittered.

it is reasonable to attribute the differences associated
with location of NHT completion to age and hearing loss.
This finding also suggests that the broad variety of tele-
phone receivers that must have been used by the at-home
group had little or no influence on test performance.

To investigate further the possible contribution of the
telephones used by the participants, we examined the
performances obtained within the at-home group based
on differences related to telephone attributes [i.e., cord (n =
108) versus cordless (n = 79)] and telephone service [i.e.,
cable company (n = 67) versus traditional telephone com-
pany (n = 118)]. No significant age or hearing-abilities dif-
ferences were found between the groups that used the
different telephone attributes or service providers. The
mean NHT thresholds for both ears on the cord and cordless
phones ranged from —2.5 to —3.0 dB SNR (with 3.0-3.5
dB SDs) and were not significantly different [¢1g52) = 1.02
p > 0.05, LE; ¢(1839) = 0.4, p > 0.05, RE]. These results
were somewhat surprising considering the acknowledged
increase in interference and the decrease in the frequency
response of cordless telephones (bandwidth of 3600 Hz)
compared with the larger, but also limited, bandwidth
of corded phones (Church and Taylor, 2007). The NHT
thresholds for the participants with a cable company phone
service were —3.6 dB SNR (SD = 3.4dB) and —3.3 dB SNR
(SD = 3.0 dB) for the LE and RE, respectively, whereas
participants with traditional phone services had a mean
NHT threshold of —2.6 dB SNR (SD = 3.2 dB) for the LE
and —2.3 dB SNR (SD = 3.1 dB) for the RE. The NHT
performance difference was only significant for the LE
[t(lgg’g) = 2.7 p < 0.05].
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Table 5. Mean Ages, 3-Freq PTAs, 4-Freq PTAs, and Performance on the WIN and NHT Tests for LEs and REs for
Participants Who Took the NHT at the VA (n = 505) or at HOME (n = 188)

3-Freq PTA (dB HL) 4-Freq PTA (dB HL) WIN (dB SNR) NHT (dB SNR)

Location Age (yr) LE RE LE RE LE RE LE RE
Means

VA 63.8 32.3 30.4 39.3 37.1 12.7 124 -3.8 —41

HOME 69.3* 34.1% 32.8* 41.9* 40.1* 14.3* 13.6* —2.7 —2.8"
SDs

VA 13.2 17.3 15.8 17.9 16.7 5.7 5.4 3.3 3.2

HOME 10.0 15.3 16.7 14.8 16.1 52 4.8 33 3.2
Age-Matched Data (n = 188)

VA 69.2 33.2 31.2 39.7 38.2 13.1 12.9 -3.0 -3.2

HOME 69.3 341 32.8 41.9 40.1 14.3 13.6 —2.7 -2.8

Notes: SDs are shown in the middle panel. In the bottom panel, the age-matched data are shown. *Denotes significant differences (p < 0.05)

across groups for each measure.

Sensitivity and Specificity

The validity of a diagnostic test is often described in
terms of the ability of the test to identify which individ-
uals have a disease of interest and which individuals do
not have the disease. This is commonly expressed by
measures of sensitivity and specificity. Sensitivity refers
to the ability of the test to identify positive results,
whereas specificity relates to the ability of the test to
identify negative results. For a test of hearing function,
sensitivity is the proportion of hearing-impaired indi-
viduals who are correctly identified as such, and specif-
icity is the proportion of normal-hearing individuals
who are correctly identified. Sensitivity is calculated
by determining the number of true-positives, in our
case, the number of individuals correctly identified by
the NHT as having a hearing impairment, divided by
the sum of the number of true-positives and false-negatives
(i.e., the number of individuals with a hearing impair-
ment who are incorrectly identified as passing the NHT).
Specificity is calculated by determining the number of
true-negatives, which is the number of individuals with
normal hearing correctly identified by the NHT as pass-
ing, divided by the sum of the true-negatives and false-
positives (i.e., the number of individuals with hearing
within normal limits who are incorrectly identified as
failing the NHT). There is always a tradeoff between
sensitivity and specificity measures, and the calculated
values depend on the cutoff values of the screening
instrument and the gold standard diagnostic test with
which the screening result is compared.

The traditional standard in diagnostic audiology for
identifying individuals with hearing loss is based on
pure-tone thresholds. A pure-tone, air-conduction thresh-
old average of 25 dB HL or less is generally considered
within normal limits in the adult population. For determi-
nation of the accuracy of the NHT, a criterion threshold
of —6 dB SNR was used to distinguish between pass or
fail (Watson et al, 2012). Using this threshold criterion,
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if a participant had a NHT threshold of —5.9 dB SNR or
worse (higher), then that participant would be classified
as failing, whereas if a participant had a threshold of —6
dB SNR or better (lower), then that participant would be
classified as passing. On comparison of the 3-Freq and
4-Freq PTA results with a cutoff value of 25 dB HL
and the NHT thresholds of —6 dB SNR, the ability of
the NHT to identify ¢rue-positives, false-positives, true-
negatives, and false-negatives was determined and are
provided in the first two columns of Table 6. Using the
above-listed classifications, sensitivity and specificity
measures were determined and are shown in the bottom
rows of Table 6. When the NHT threshold was compared
with the 3-Freq PTA, the sensitivity was 0.87 and specif-
icity was 0.54. On comparison of the NHT with the 4-Freq
PTA, the sensitivity was 0.81 and specificity increased to
0.65. The 4-Freq comparison yielded better specificity
values that were most likely owing to the increase in
the number of participants with hearing impairment
when the 4000 Hz threshold contributed to the calcula-
tions. Furthermore, because of convenient sampling of
the study from audiology clinics, very few participants
with normal hearing were recruited to participate in the
study. This shortcoming has most likely influenced the

Table 6. True-Positives, True-Negatives, False-
Negatives, False-Positives, and Calculated Sensitivity/
Specificity for the NHT and WIN Tests

NHT (n = 1379) WIN (n = 1049)
3-Freq 4-Freq 3-Freq 4-Freq
PTA PTA PTA PTA
True-Positives 405 855 588 813
True-Negatives 308 213 109 98
False-Negatives 101 196 11 22
False-Positives 265 115 341 116
Sensitivity 0.87 0.81 0.98 0.97
Specificity 0.54 0.65 0.24 0.46

Note: The tests are evaluated against the 3-Freq and 4-Freq PTAs.
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specificity values obtained. However, the sensitivity and
specificity values are sufficiently high to indicate that
elevated NHT thresholds can be used to identify individ-
uals who may benefit from further evaluation.

The accuracy of the screening test also can be described
independent of the cutoff criterion by determining the
area under the receiver operating characteristic (ROC)
curve [the curve relating the hit rate (sensitivity) and
false alarm rate (1—specificity) for a test] (Wikipedia,
2013; Creelman and Macmillan, 2005). Comparing the
3-Freq and 4-Freq PTA results with a 25 dB HL cutoff
value defining normal hearing for pure tones and a —6
dB SNR cutoff point for the WIN, we computed the area
under the ROC curve (AUROC) in relationship to both
PTAs. The ROC curves are shown in Figure 10, and as
listed in Table 7, the obtained AUROC values were 0.83
and 0.82 for the 3- and 4-Freq PTA, respectively. Values
of sensitivity and specificity can be obtained from any
point on the ROC curve, but for the purposes of compar-
ison, pairs of values with sensitivity fixed at 0.80 were
used. Specificity values of 0.70 and 0.67 were obtained
for 3-Freq PTA and 4-Freq PTA (using NHT SNR cutoff
values of —4.9 dB and —5.9 dB), respectively.

Although the PTA is commonly used as the primary
measure of hearing ability, it is also informative to eval-
uate the NHT against a measure of speech-in-noise rec-
ognition. Outside of the United States, speech-in-noise
measures are more commonly used by hearing profes-
sionals to assess hearing function. One such measure,
the Plomp and Mimpen (1979) sentence test, was used
as the criterion for the evaluation of the sensitivity and
specificity of the Dutch version of the NHT (see Smits
et al, 2004). In the present study, the WIN was used as
the criterion measure for the assessment of the NHT.
For determination of the sensitivity and specificity of
the WIN, the cutoff threshold of 6 dB SNR, which
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Figure 10. ROC curves for the WIN and NHT (full dataset and
WIN subset) evaluated against the 4-Freq PTA (25 dB HL criterion).

defines the 90th percentile of the normal performance
range, was used to distinguish between normal and abnor-
mal speech recognition in noise (Wilson et al, 2003). Once
again, on comparison of the 3- and 4-Freq PTA results with
a cutoff level of 25 dB HL, the ability of the WIN test to
identify true-positives, false-positives, true-negatives, and
false-negatives was determined and are provided in the
last two columns of Table 6 for the 1049 ears that under-
went WIN testing. Using the above-listed classifications,
the following sensitivity and specificity measures were
determined and are also shown in the bottom rows of
Table 6. When the WIN test was compared with the
3-Freq PTA, the sensitivity was 0.98 and specificity was
0.24. When the WIN test was compared with the 4-Freq
PTA, the sensitivity was 0.97 and the specificity increased
to 0.46.

Furthermore, the AUROC and specificity for a con-
stant sensitivity value (0.80) were also calculated for
the NHT and WIN. Using a threshold of 6 dB SNR on
the WIN as the cutoff level for normal hearing function,
we computed the AUROC and specificity (for sensitivity =
0.80) values for the NHT. As might be expected, these
values were somewhat higher than those using PTA as
the criterion, with AUROC = 0.86 and specificity = 0.76.
The AUROC values for the WIN evaluated against the 3-
and 4-Freq PTAs (=25 dB HL criterion) were 0.86 and
0.89, respectively. The WIN specificity values corre-
sponding to a sensitivity of 0.80 were 0.73 and 0.81 for
the 3- and 4-Freq PTA. The AUROC and specificity val-
ues for a constant sensitivity of 0.80 are summarized in
Table 7.

The sensitivity and specificity of the NHT and WIN
were similar. Although these values are somewhat higher
for the WIN than for the NHT, the differences are not
great, given that the WIN was administered in a clinical
setting with an audiometer, rather than over the tele-
phone. When the same, somewhat smaller population
was used to evaluate the NHT (data for only 1027 ears
were available for the WIN), the NHT fared about the
same as with the larger population, with AUROC = 0.83
and specificity = 0.71 (for sensitivity = 0.80) for the 3-
Freq PTA, and AUROC = 0.83 and specificity = 0.70 for
the 4-Freq PTA. A comparison of the ROC curves for the
NHT and WIN, evaluated against the 4-Freq PTA (=25
dB HL criterion), is provided in Figure 10. When eval-
uating both the WIN and NHT against PTA values, the
WIN performed somewhat better relative to the 4-Freq
PTA than to the 3-Freq PTA, and the NHT performed
similarly for both PTA measures. This finding indicates
that although the higher frequencies are important for
the intelligibility of speech material, the limited fre-
quency response of the telephone has little or no impact
on the accuracy of the NHT. As mentioned earlier, the
differences in performance and validity between the
NHT and WIN tests may be attributed to the differences
in the test stimuli and administration of the material.
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Table 7. AUROC, Sensitivity, and Specificity for the NHT and WIN Tests

NHT Against WIN Against NHT Subset Against
3-Freq PTA 4-Freq PTA WIN 3-Freq PTA 4-Freq PTA 3-Freq PTA 4-Freq PTA
AUROC 0.83 0.82 0.86 0.86 0.89 0.83 0.83
Sensitivity 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Specificity 0.70 0.67 0.76 0.73 0.81 0.71 0.70
n 1349 1349 1027 1027 1027 1027 1027

Note: The tests are evaluated against the 3-Freq and 4-Freq PTAs; the NHT is also evaluated against the WIN. The larger “n” is for the full set of
usable NHT data, and the smaller “n”is for the subset of the NHT data for which WIN scores were available.

Although the background noise used in each speech-in-
noise measure differed, with the WIN presented in the
presence of multitalker babble and the NHT embedded
in speech-shaped noise, this difference has not been
shown to contribute much to performance differences on
the WIN (Wilson et al, 2012). On the other hand, the
NHT requires the recognition of a small set of spoken
monosyllabic digits, compared with the multiple unpre-
dictable monosyllabic words presented in the WIN test,
which does contribute significantly to performance dif-
ferences (e.g., Miller et al, 1951). Additionally, the mode
of administration differed between the two tests; the
WIN test was presented through earphones in a sound
booth, whereas the NHT was presented in an open room
(e.g., clinical office setting or somewhere in the home
of the participants) and with the bandwidth of tele-
phones that had a narrower frequency response than
the earphones.

Feasibility

We discussed the NHT in terms of validity and have
reported that the screening test provides sufficient sen-
sitivity and specificity for use as a functional auditory
screening protocol but have yet to discuss the feasibility
of the NHT. The test is convenient and is cost and time
efficient. Also, it is possible to modify the NHT to be even
more time efficient by reducing the number of trials
required to converge onto the 50% threshold. In the
present study, the NHT took an average of 6.4 min
(SD = 1.31 min) per ear. As seen in Figure 11, the num-
ber of trials required for a reliable estimate of the SNR
threshold was determined by plotting the correlation
between the NHT and the 3- and 4-Freq PTAs and WIN
performance as a function of the number of trials used
in the NHT threshold estimate. It is evident that thresh-
olds based on approximately 25 trials are nearly as reli-
able as those based on a 40-trial series. The evidence that
fewer trials are sufficient is similar to the data presented
by Watson et al (2012), further supporting the reduction
of the duration of the test. The NHT may be shortened
to 25 trials and still maintain similar high sensitivity
and specificity values. Computations based on a 25-trial
track confirmed that AUROC and sensitivity/specificity
values are nearly identical to those shown in Table 6 for
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40 trials, as would be expected based on the similar cor-
relations.

CONCLUSIONS

he NHT has been proposed for use in the United

States for the same purposes that similar telephone-
administered hearing screening tests are now in use
in many European countries and in Australia (Watson
et al, 2012). The NHT provides a convenient, easy-to-
take, and valid screening test of functional hearing to
anyone who wishes to take the test. There is no question
that individuals concerned about the state of their hear-
ing are best advised to seek a standard audiological
assessment. It is well established, however, that a large
proportion of individuals with impaired hearing in the
United States and in most other countries have not had
their hearing tested for a variety of reasons (Bogardus
et al, 2003; Dalton et al, 2003). Reports of the response
to telephone screening tests in other countries suggest
that some of those who fail those tests comply with the
recommendations that they seek further assessment
and some of those are fitted with hearing aids (Yueh
et al, 2010; Meyer et al, 2011). Another possible use
of this brief test is as a quick screening device for use
in clinics or physicians’ offices that do not have in-house
audiological services.
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Figure 11. The correlation between the NHT and three hearing
measures (3-Freq PTA, 4-Freq PTA, and WIN) as a function of the
number of trials on which the threshold estimate is based.



National Hearing Test among a VA Sample/Williams-Sanchez et al

Either for the general population or for use in clinics,
value-cost analyses clearly show that the pass-fail cri-
terion point for such a brief screening test should be
very strict in the sense that only excellent performance
should be considered a definite negative test outcome
(meaning that the person’s hearing is considered within
normal limits). Requiring a high level of performance
has two consequences: one desirable and one undesir-
able. The desirable consequence is that the “hit rate”
for correctly identifying persons who should be advised
to seek hearing assessment can be quite high, even 90—
95%. The undesirable consequence of such a strict pass-
ing criterion is that the rate of false-positives will also
be high, possibly 50-60%. The theoretical argument for
this recommendation is a simple application of statisti-
cal decision theory with the goal of maximizing overall
value and minimizing costs. The value of correctly advis-
ing a person with impaired hearing to seek a full-scale
assessment of his or her hearing and receive appropri-
ate treatment is vastly greater than the cost of having a
person evaluated whose hearing turns out to be within
normal limits. It is important to note that the false
alarm rate is likely to be operating on a relatively small
number of individuals with normal hearing, if taking
the test is voluntary. As noted by Watson et al (2012),
it is very likely that only a small number of persons
who have hearing within normal limits will elect to take
the test. Another value of hearing screening tests, where
they have been widely publicized, is that the general
public has become more aware of the importance of
healthy hearing and of the value of treatment for
impairments.

The most important difference between a screening
test and a diagnostic test is the very different conse-
quences of the two types of measurement. A positive
result of a screening test most commonly means that
the listener is referred for a complete audiological eval-
uation. A positive result on a diagnostic test, in contrast,
most often is the basis for some form of treatment, although
marginal findings can call for either repeating the test
or selecting some other diagnostic measure. Another
distinction between screening and diagnostic tests is
that screening tests are sometimes given to entire pop-
ulations, independent of any basis for believing that the
tested individuals are at risk. Examples include routine
mammograms, mandatory premarital blood tests, and
universal vision and hearing screening in schools. Less
common are elective screening tests that are offered to
the general public, often in the form of kits purchased in
a drugstore or, in the case of mental health, as tests that
can be taken on the internet or in the popular press.
Many of these elective screening tests are considered
to be of dubious validity, and professional associations
often advocate against their use. Blanket rejection of
elective screening tests, however, should not be applied
to tests of demonstrated validity, especially for clinical

conditions such as hearing impairment that are known
to be greatly under-reported.

Telephone-administered screening tests for functional
hearing problems appear to meet most of the criteria for
useful screening instruments that are accepted by the
clinical community. At this time, no standards have been
established by the US Food and Drug Administration for
such tests, although that agency has suggested that such
tests fall in the domain of medical instrumentation and
therefore will eventually require approval. For such
approval to be given, it is necessary for tests to be clin-
ically validated, through studies such as the present
work. Thus, the goal of the present study was to eval-
uate the US NHT for a large, mainly male, VA sample.
It was demonstrated that the NHT provides sensitivity
and specificity that are comparable to telephone screen-
ing tests evaluated with nonveteran populations in the
United States and in other countries. The results indi-
cate that the NHT is a quick, convenient, and valid screen-
ing test of functional hearing.
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Appendix

Subject Number: XX

Telephone Hearing Screening Study

Thank you for your participation. Please follow the directions created specifically for you below.
If you have any questions, please contact Audiology Research at (727) 398-XXXX ext. 4862.

You have been randomized to complete this study at: VA

You will hear 40 sets of 3 numbers (triplets) in the presence of varying background noise via the telephone. After
each presentation of triplets, you must key in 3 numbers into your telephone keypad. If you did not hear the num-
bers, then please guess. Please continue the screening until you have completed all 40 triplets, and then complete

the screening on your other ear.

(1) From a landline telephone, call the following number: 1-888-XXX-4240.
(2) You will be prompted to enter your IDENTIFICATION NUMBER.

Please key in the following IDENTIFICATION NUMBER: 10001707

(3) Press 2 to hear the screening instructions.

(4) To begin the screening, place the telephone to your LEFT ear and press 1.

*It is very important that you place the telephone to the correct ear indicated above.
(5) Upon completing the screening, using your LEFT ear, please hang up and redial 1-888-XXX-4240 and complete

the screening using your RIGHT ear this time.

Please key in the following IDENTIFICATION NUMBER: 10001708

A MPORTANT

% Please perform the telephone hearing screening from a landline telephone only. DO NOT use a CELL PHONE or

any other MOBILE telephone device.

% If you are a hearing-aid user, DO NOT wear your hearing aids while completing the telephone hearing screening.
% If you have any difficulties, please call Audiology Research. Or if you no longer wish to participate in the telephone
hearing screening study, please call to inform us that you are longer able to participate. Audiology Research at (727)

398-XXXX ext. 4862
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