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Objective: To evaluate the speech-in-noise performance of listeners 
with different levels of hearing loss in a variety of complex listening 
environments.

Design: The quick speech-in-noise (QuickSIN)-based test battery was 
used to measure the speech recognition performance of listeners with 
different levels of hearing loss. Subjective estimates of speech reception 
thresholds (SRTs) corresponding to 100% and 0% speech intelligibility, 
respectively, were obtained using a method of adjustment before objec-
tive measurement of the actual SRT corresponding to 50% speech intel-
ligibility in every listening condition.

Results: Of the seven alternative listening conditions, two conditions, 
one involving time-compressed, reverberant speech (TC+Rev), and  the 
other (N0Sπ) having in-phase noise masker (N0) and out-of-phase tar-
get (Sπ),  were found to be substantially more sensitive to the effect of 
hearing loss than the standard QuickSIN test. The performance in these 
two conditions also correlated with self-reported difficulties in attention/
concentration during speech communication and in localizing the sound 
source, respectively. Hearing thresholds could account for about 50% or 
less variance in SRTs in any listening condition. Subjectively estimated 
SRTs (SRTs corresponding to 0% and 100% speech intelligibility) were 
highly correlated with the objective SRT measurements (SRT corre-
sponding to 50% speech intelligibility).

Conclusions: A test battery that includes the TC+Rev and the N0Sπ con-
ditions would be useful in identifying individuals with hearing loss with 
speech-in-noise deficits in everyday communication.

Key words: Hearing loss; Quick speech-in-noise; Speech recognition 
in noise.

(Ear & Hearing 2018;XX;00–00)

INTRODUCTION

Good hearing is crucial for our ability to socialize, work, 
communicate, and stay connected to the world around us 
(Garstecki 1987). A normal-hearing listener can communicate 
even in very complex listening scenarios using various auditory 
skills and processes, such as the ability to segregate the sound of 
interest from the interfering noise, attending to one out of mul-
tiple simultaneous audio signals, modulation masking release, 
spatial release from masking, etc. (Freyman et al. 2001; Dubno 
et al. 2002; Buss et al. 2009; Litovsky 2012). These auditory 
skills are known to degrade with increasing hearing loss.

Hearing difficulties due to hearing loss are often first appar-
ent in difficult listening environments that involve noisy rever-
berant spaces, multitalker conversations, rapid speaking rates, 
and other complicating factors that are typically not present in 
the clinical spaces or in the standardized tests used to assess 
hearing loss (Pienkowski 2016). This may help explain why 

clinical assessments of hearing loss often do not correlate 
with the everyday speech-in-noise communication difficulties 
reported by patients (Hannula et al. 2011; Jerger 2011).

One common issue with many clinical speech tests is that 
they fail to assess binaural function, which is critical for speech 
perception in complex environments. The ability to use binaural 
cues is known to be affected by hearing loss and may very well 
relate to speech-in-noise difficulties reported by listeners with 
hearing loss (Carhart 1965, McArdle et al. 2012). A few clinical 
speech recognition tests like the listening in spatialized noise 
(Cameron et al. 2011) and the hearing in noise test (Nilsson et 
al. 1994) measure some aspects of binaural speech-in-noise per-
formance. However, many of the most widely used standardized 
clinical tests, such as the quick speech-in-noise (QuickSIN) 
(Killion et al. 2004) and words in noise (Wilson 2003; Wilson 
& Burks 2005), rely exclusively on multitalker babble maskers 
presented diotically with the target speech. Another issue with 
clinical speech tests is the lack of visual speech cues, which are 
inherent to face-to-face communication. The ability to process 
and integrate visual cues, which may or may not be correlated 
with hearing loss, can greatly influence speech recognition 
performance. Very few standardized speech tests are currently 
available to clinically evaluate audiovisual speech perception in 
listeners with hearing loss.

To overcome these problems, Brungart et al. (2014) altered 
the stimuli and the testing paradigm of the QuickSIN to 
develop a short clinical test for measuring speech reception 
thresholds (SRTs) in eight different auditory scenes. Some lis-
tening conditions were expected to be easier for speech com-
munication than the standard QuickSIN condition due to the 
ability of a normal-hearing listener to benefit from the bin-
aural release from masking and from integrating audio and 
visual speech cues. Hearing loss can potentially degrade these 
abilities, resulting in worse-than-normal performance in these 
conditions. On the other hand, some listening conditions were 
expected to be more difficult than the standard condition. 
These particular conditions were designed to simulate chal-
lenging acoustic environments such as reverberant rooms and 
fast talkers, which often causes people with even mild to mod-
erate hearing loss to complain of communication difficulties 
(Gordon-Salant & Fitzgibbons 1993). When combined with 
the standard QuickSIN condition, these conditions can pro-
vide a more comprehensive assessment of a person’s opera-
tional speech communication ability. For occupations such as 
firefighting, aviation, law enforcement, military, etc., where 
communication is critical for mission success and survivabil-
ity, such an assessment can be potentially used for predicting 
fitness-for-duty. This test battery is also useful for studying the 
effect of a hearing prosthesis or a hearing protection device on 
everyday speech communication.
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Brungart et al. (2014) reported normative speech-in-noise 
data on 49 normal-hearing listeners on their test battery. The 
present study used the same tests to measure speech-in-noise 
performance in participants with various degrees of hearing 
loss. The main goal of the present study was to identify the 
auditory test scenes that are most sensitive to speech-in-noise 
deficits and to measure the effect of hearing loss on speech-in-
noise performance in those cases. Speech-in-noise performance 
in different listening conditions was also compared with the 
perceived hearing difficulties of participants.

METHODS

Subjects
Participants between 19 and 57 years of age, who were either 

civilian staff members or were eligible for health care, were 
recruited for this study at Walter Reed Army Medical Center 
(Washington, DC) or at Walter Reed National Military Medi-
cal Center (Bethesda, MD). Audiometric thresholds were either 
taken from the listener’s health records, if measured within 6 
months of the start of testing, or were measured clinically as part 
of the study. Subjects were divided into three groups: H1 (nor-
mal to near-normal); H2 (mild); and H3 (moderate to severe), 
according to the hearing profiles described in the U.S. Army 
standard for medical fitness (AR40-501) (U.S. Department of 
Army 1960). Those in the H1 group were subdivided into two 
groups: normal hearing (H1NH), having thresholds ≤20 dB HL 
from 250 to 8000 Hz, and borderline normal (H1BN), having 
at least one threshold >20 dB HL, but ≤30 dB HL from 250 to 
3000 Hz and ≤45 dB HL from 4000 to 8000 Hz. Figure 1 shows 
average audiometric thresholds across subjects in each hearing 
profile group, and also lists gender and age statistics for each 
group. Data of the H1NH group were analyzed and presented in 
Brungart et al. (2014).

Stimuli
The testing method and the test conditions were identical to 

those described in Brungart et al. (2014). Subjects were required 
to recognize Institute of Electrical and Electronic Engineers 

(IEEE) sentences (Institute of Electrical and Electronic Engi-
neers 1969) spoken by a female talker and presented in eight 
different conditions as follows:

 1. Babble: standard QuickSIN condition with four-talker 
babble masker,

 2. Audiovisual (AV): Babble condition with audiovisual 
IEEE sentences,

 3. N
0
Sπ: Babble condition but phase of the target sentences 

shifted by 180° in one ear,
 4. AV+N

0
Sπ: N

0
Sπ condition with audiovisual target 

sentences,
 5. Spatial: using head-related transfer functions, target set in 

front, and two four-talker babble maskers (same four talkers 
as in all previous conditions, but different babble signals), 
one set to the left (−90°) and the other to the right (90°),

 6. Reverberation (Reverb): Spatial condition with rever-
beration (RT60 = 0.25 sec) added to stimuli,

 7. Time compression and reverberation (TC+Rev): Reverb 
condition with target speech rate increased by 50% 
using pitch-preserving time compression (i.e., time 
compressed to 66% of the original length) before apply-
ing reverberation, and

 8. Speech-Spectrum Noise (SSN): standard QuickSIN con-
dition with the babble replaced by continuous speech-
spectrum noise masker.

The sentence lists, each with six IEEE sentences, were taken 
from the QuickSIN compact disc (CD), and the background 
noise level adjustment used in the CD for equalizing perfor-
mance across lists was preserved to the greatest extent possible. 
In the four conditions that used four-talker babble (namely, Bab-
ble, AV, N

0
Sπ, and AV+N

0
Sπ), the sentences-masker pairs were 

identical to those on the CD. For the three conditions that used 
eight-talker babble (namely, Spatial, Reverb, and TC+Rev), 
the four-talker babble on the left was matched to the target list, 
while that on the right was taken from a different list.

Test Procedure
In each listening condition, subjects first estimated the range 

of their psychometric curve using a method of adjustment. In 
this part, subjects were presented a continuous stream of IEEE 
sentences at 70 dB SPL, while they adjusted the background 
masker level using a slider. Subjects first increased the masker 
to a level where they could hear the speech but no longer under-
stand any word [i.e., SRT corresponding to 0% speech intelligi-
bility (SRT

0
)] and then decreased it to a level where they began 

to understand all the words [i.e., SRT corresponding to 100% 
speech intelligibility (SRT

100
)].

The subjective SRT estimation was followed by a speech 
recognition task according to the standard QuickSIN procedure 
to measure the actual speech-in-noise threshold, denoted as 
SRT corresponding to 50% speech intelligibility (SRT

50
), for 

that condition. In this task, subjects were required to hear and 
repeat back sentences from a QuickSIN list, in the presence of 
background noise. The signal to noise ratio (SNR) of the first 
sentence was set to be 12.5 dB above the average of the SRT

0
 

and SRT
100

 thresholds estimated for that condition. The SNR of 
each subsequent sentence was decreased in 5 dB steps, making 
it harder to recognize than the previous one. The speech signal 
was set at 70 dB SPL, and the masker level was adjusted accord-
ing to the SNR. Subject performance was scored based on the 

Fig. 1. Average audiometric thresholds in left (x) and right (o) ears for the 
four listener groups. Number of M and F subjects in each group, and the 
mean and ±1 SD of subject age in each group are also listed. BN indicates 
borderline normal; F, female; M, male; NH, normal hearing.
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number of key words recognized correctly in each sentence, and 
if no key word was recognized correctly in a sentence, then fur-
ther sentences were not presented, assuming a score of zero for 
those sentences. On the basis of the SRT calculation methodol-
ogy in the standard QuickSIN procedure, the SRT

50
 was calcu-

lated by adding 2.5 dB to the SNR of first sentence and then 
subtracting the total number of key words recognized correctly.

This procedure was repeated once for each condition, thus 
obtaining two estimates of each SRT. For the first set of SRT 
estimates, the eight listening conditions were presented in 
random order. In the second session, and for the second set, 
the order of the conditions from the first set was reversed, to 
counterbalance the presentation order effect. List numbers 1–16 
from the QuickSIN CD were used in a pseudorandom order 
for estimating the SRT

50
 twice in each of the eight conditions. 

For each subject, list numbers 1–12 were randomly assigned 
across conditions, while list numbers 13–14 and 15–16 were 
always paired and were assigned to one of the six audio-only 
conditions because the video for these two list pairs was not 
available. The continuous stream of IEEE sentences for the sub-
jective estimates (SRT

0
 and SRT

100
) was not from the QuickSIN 

CD, but rather from audiovisual recording of IEEE sentences by 
a different female talker, made using the same equipment and 
at the same time as the QuickSIN recordings. The total testing 
time per subject was about 25 to 30 min. This translates to about 
3 to 4 min per condition, with about 2 mins required to obtain 
the subjective estimate (SRT

0
 and SRT

100
) and another 2 min to 

obtain the objective estimate (SRT
50

) Table 1.

Speech, Spatial and Qualities of Hearing Scale 
Questionnaire

An abbreviated version of the Speech, Spatial and Quali-
ties of Hearing Scale (SSQ) questionnaire (Gatehouse & Noble 
2004) was administered to listeners to sample their perceived 
difficulties in everyday speech communication. This abbrevi-
ated version consisted of 12 questions that were selected from 
the three subareas of the SSQ to be highly correlated with func-
tional hearing handicap, weakly correlated with each other, 
or having operational relevance for individuals in challenging 
occupations like firefighting, law enforcement, or the military 

[note that these questions were selected before the publication 
of the SSQ-12 abbreviated form of the questionnaire (Noble et 
al. 2013) and are unrelated to them]. The questions used in the 
abbreviated SSQ questionnaire are listed in Table 1 (Fig. 2).

RESULTS

Effect of Subject Group and Listening Condition
Figure 2 shows the average SRT

50
 values for the four listener 

groups in all listening conditions. As expected, thresholds for all 
subject groups significantly improved (p < 0.001) due to visual 
input (AV versus Babble and AV+N

0
Sπ versus N

0
Sπ) and bin-

aural release from masking (N
0
Sπ versus Babble and AV+N

0
Sπ 

versus AV). There was no significant improvement or degrada-
tion for any group in the SSN (p > 0.16) condition, relative to 
the Babble condition. The three spatial conditions (Spatial, Rev, 
and TC+Rev) were not directly comparable to the babble condi-
tion because they had eight interfering talkers rather than four. 

TABLE 1. Questions in the abbreviated SSQ questionnaire, along with their original SSQ number

SSQ No. Original SSQ No. Question

1 Speech 14 You are talking to someone on the telephone and someone next to you starts talking. Can you follow 
what’s being said by both talkers?

2 Speech 12 You are in a group and the conversation switches from one person to another. Can you easily follow the 
conversation without missing the start of what each new speaker is saying?

3 Speech 5 You are talking to a person. There is continuous background noise, such as a fan or running water. Can 
you follow the conversation?

4 Spatial 8 In the street, can you tell how far away someone is, from the sound of their voice or footsteps?
5 Spatial 13 Can you tell from the sound whether a bus or truck (vehicle) is coming towards you or going away?
6 Spatial 17 Do you have the impression of sounds being where you would expect them?
7 Spatial 3 You are sitting in between two people. One of them starts to speak. Can you tell right away whether it is 

the person on your left or your right, without having to look?
8 Qualities 14 Do you have to concentrate very much when listening to someone or something?
9 Qualities 13 Can you easily judge another person`s mood by the sound of their voice?
10 Qualities 11 Do everyday sounds that you hear seem to have an artificial or unnatural quality?
11 Qualities 18 Can you easily ignore other sounds when trying to listen to something?
12 Qualities 5 Can you easily distinguish different pieces of music that you are familiar with?

SSQ, Speech, Spatial and Qualities of Hearing Scale.

Fig. 2. Measured speech-in-noise thresholds (SRT50) for each group in all 
eight listening conditions. Symbols and error bars denote means and 95% 
confidence intervals estimated across listeners within each group. 
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However, relative to the baseline Spatial condition, performance 
degraded significantly (p < 0.001) due to Reverb and TC+Rev.

In all the conditions, the speech-in-noise performance 
degraded (i.e., SRT

50
 increased) with moderate to severe hear-

ing loss, but not with mild hearing loss. The average perfor-
mances of H2 and H3 groups were worse than the control group 
(i.e., H1NH) in all listening conditions (p ≤ 0.004 for H2 and p 
≤ 0.003 for H3), but the H1BN group did not show a significant 
deficit (p > 0.075) in any condition. Compared with the standard 
QuickSIN condition (i.e., Babble), the speech-in-noise deficit 
was noticeably greater in N

0
Sπ, AV+N

0
Sπ, Reverb, and TC+Rev 

conditions. Analysis of variance revealed that the listener group 
had a significant main effect (p < 0.001) on SRT

50
 in all lis-

tening conditions, but the effect was stronger than the standard 
condition [F(3,130) = 18.405] only in N

0
Sπ [F(3,130) = 20.087] 

and TC+Rev [F(3,130) = 27.620] condition.
Figure 3 shows cumulative distributions of SRT

50
 values in 

all listening conditions. In N
0
Sπ, Reverb, and TC+Rev condi-

tions, some H3 listeners had SRT
50

 thresholds more than 20 
dB higher than the average SRT

50
 for the control group (i.e., 

H1NH). Consistent with the analysis of variance results, the 
highest separation between cumulative distributions of H1NH 
and H2 or H3 group was observed in N

0
Sπ and TC+Rev condi-

tions. To quantify the separation among groups, SRT
50

 distribu-
tion of the H1NH group was compared with those of the other 

three groups in each listening condition using two-tailed student 
t tests, and the results are listed in Table 2.

No statistically significant difference was observed 
between the H1NH and H1BN groups in any listening condi-
tion (p > 0.75). H2 and H3 groups were significantly different 
(p < 0.002) than the control group in all but one listening condi-
tion (AV+N

0
Sπ for H2 and AV for H3). But the highest separa-

tion, as indicated by the t statistics, was observed in the TC+Rev 
condition, followed by that in the N

0
Sπ condition. The Babble, 

Spatial, Reverb, and SSN conditions also show high degree of 
separation, with t statistics exceeding 4.5 for H3 and, in some 
cases, for H2 Figure 4.

Another commonly used metric in clinical psychophysics 
for quantifying the performance of a patient is to compare it 
with the fifth percentile value of the control or the “normal” 
group (i.e., a performance level that 95% of the control group 
population achieves or exceeds). The fifth percentile level for 
the control group in each listening condition is denoted by the 
vertical dash-dotted line in Figure 3. Figure 4 shows that more 
than 58% of H3 subjects and more than 29% of H2 subjects per-
formed worse than this level in Babble, N

0
Sπ, AV+N

0
Sπ, Reverb, 

TC+Rev, and SSN conditions.

Test–Retest Reliability
Despite having additional subjects with hearing loss, the 

test–retest reliability of the data in the present study was very 

Fig. 3. SRT50 cumulative distributions (in percentile). The vertical dash-dotted line in each panel represents the fifth percentile value for H1NH group in each 
condition. 

TABLE 2. Results of two-tailed t tests comparing the distribution of SRT50 values of the control group (i.e., H1NH) with that of the other 
three groups

Group Babble AV N0Sπ AV+N0Sπ Spatial Reverb TC+Rev SSN

H1BN −0.01 0.09 −0.19 0.08 −0.16 1.08 1.81 1.76
H2 4.27 3.49 5.18 3.03 4.17 3.49 6.12 4.74
H3 4.88 3.16 4.92 3.75 4.71 5.05 6.14 5.07

Values in bold denote cases with statistically significant difference after Bonferroni correction (p < 0.002).
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close to that reported by Brungart et al. (2014). For example, 
the mean absolute difference in SRT

50
 thresholds in the standard 

QuickSIN condition (i.e., Babble) in the present study was 2.36 
dB, compared with 2.3 dB reported by Brungart et al. (2014). 
The mean absolute difference in SRT

50
 varied between 2.24 dB 

(Reverb) and 3.71 (AV and AV+N
0
Sπ). The ranges for the mean 

absolute difference in SRT
0
 and SRT

100
 were 2.4 to 3.7 dB and 

3.1 to 4.9 dB, respectively Table 3.
Another way to characterize the test–retest reliability is in 

terms of the Pearson correlation coefficient. The two estimates 
for the three SRTs were significantly correlated (p < 0.001) in all 
conditions. Table 3 lists the Pearson correlation coefficients. The 
two estimates were averaged for all subsequent analyses Table 4.

Cross-Correlations
The eight listening conditions, although designed to test 

different aspects of speech-in-noise performance, could have 
redundancies due to common factors such as speech stimuli and 
the testing paradigm. Table 4 shows Pearson correlation coef-
ficients between the SNR

50
 values. Strong correlations (r > 0.8) 

were observed between N
0
Sπ and AV+N

0
Sπ, and among Babble, 

Reverb, and TC+Rev conditions. The AV condition was not 
strongly correlated (r ≤ 0.61) with any other condition, while 
Spatial and SSN conditions showed moderate correlations with 
each other as well as with other conditions (0.54 ≤ r ≤ 0.79).

Audiometric Hearing Thresholds
The systematic degradation of the average speech-in-noise 

performance from H1NH group to H3 group in all conditions 
suggests that the speech-in-noise deficit could be related to 
the elevated audiometric thresholds. To test this hypothesis, 
SRT

50
 performances in all listening conditions were modeled 

using linear multiregression of all audiometric thresholds 
from both ears. The variance in SRT

50
 that was accounted for 

by the audiometric hearing thresholds varied across condi-
tions, with the least variance accounted for in the AV condi-
tion (R2 = 0.26; p = 0.005) and the most variance accounted 

for in the Reverb and TC+Rev conditions (both R2 = 0.56; p < 
0.001). Hearing thresholds also accounted for nearly 50% or 
more variance in other conditions that had significant speech-
in-noise deficits, such as N

0
Sπ (R2 = 0.49; p < 0.001) and SSN 

(R2 = 0.54; p < 0.001). Thus, the increased speech-in-noise 
deficits in certain conditions may be partially due to the loss 
of audibility resulting from elevated thresholds. Although 
the target speech level was the same in all conditions, the 
loss of high-frequency speech cues due to inaudibility would 
reduce the redundancy in the speech information received by 
listeners with hearing loss, making their speech communica-
tion ability less robust to noise-masking and environmental 
distortions. It might also represent a distortion component 
that systematically increased with increasing thresholds. 
Nevertheless, audiometric hearing thresholds fail to account 
for more than 40% of the variance in any condition Figure 5.

Perceived Speech-in-Noise Performance
Figure 5 compares the subjectively estimated range of 

speech-in-noise performance (i.e., SRT
0
 to SRT

100
) with the 

measured SRT
50

 thresholds (+ symbols). In most conditions, the 
measured SRT

50
 thresholds were not only within the perceived 

range of performance but were also very close to the center of 
the range, denoted by × symbols. The exceptions were the AV 
and AV+N

0
Sπ conditions, where subjects tended to underesti-

mate their thresholds resulting in SRT
50

 values very close to 
SRT

0
 values, and the TC+Rev condition, where subjects tended 

to overestimate their thresholds resulting in SRT
50

 values closer 
to their perceived SRT

100
. The results for the audiovisual condi-

tions suggest that although listeners do not perceive the visual 
speech information to aid speech communication (possibly due 
to increased cognitive load required to process audiovisual stim-
uli), their speech-in-noise performance is improved by visual 
speech cues. On the other hand, the overestimated performance 
for the TC+Rev condition indicates that listeners, irrespective 
of their hearing loss, feel that they can understand rapid speech, 
but in reality, they make more errors than they think Figure 6.

Perceived Hearing Difficulties
To test the ability of the speech-in-noise performance in 

various listening conditions to capture the speech-in-noise 
communication problems, the correlations between SRT values 
(both subjective and measured) and SSQ questionnaire ratings 
were calculated. Figure 6 shows coefficient magnitudes for the 
correlations that were statistically significant after Bonferroni 
correction. SSQ questions 4, 7, 9, 11, and 12 had very weak or 
nonsignificant correlations with any SRT value in any condi-
tion. In general, SRT

50
 values were more highly correlated with 

SSQ ratings than the subjective thresholds. Only questions 2, 
3, 4, and 10 had relatively strong correlations (r > 0.35) with 
more than one condition. When compared by condition, only 
Babble, Reverb, TC+Rev, and SSN conditions had correlations 

Fig. 4. The percentage of subjects in each group having an SRT50 higher (i.e., 
worse performance) than the fifth percentile value for the control group in 
each listening condition. 

TABLE 3. Pearson correlation coefficient between two estimates of the three SRT values across all listeners

 Babble AV N0Sπ AV+N0Sπ Spatial Reverb TC+Rev SSN

SRT0 0.73 0.76 0.61 0.88 0.78 0.75 0.73 0.71
SRT50 0.57 0.47 0.83 0.71 0.65 0.84 0.73 0.68
SRT100 0.41 0.63 0.56 0.77 0.77 0.74 0.66 0.72

All correlations were statistically significant (p < 0.001).
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with r > 0.35. TC+Rev and SSN were the only two conditions 
that yielded stronger correlations with SSQ questions than the 
standard QuickSIN condition (i.e., Babble). The AV condition 
was poorly correlated (r < 0.3) with SSQ questions.

The only two conditions that were correlated with SSQ 
question 6, which relates to the perceived location of the sound 
source, were N

0
Sπ and AV+N

0
Sπ. This suggests that the two N

0
Sπ 

conditions could be potentially useful in evaluating the role of 
binaural integration ability in speech-in-noise communica-
tion. Question number 8, which pertains to attention and effort 
required while listening to speech-in-noise, correlated more 
with TC+Reverb condition (r > 0.3) than any other condition. 
Therefore, one likely reason why all listeners found the TC+Rev 
condition to be the most challenging could be the higher cogni-
tive load required for communicating in this condition.

DISCUSSION

In this study, a set of speech materials designed to evaluate 
speech perception in a variety of complex environments was 
used to examine how well listeners with different levels of hear-
ing loss performed in each task. In designing the tests, it was 
hypothesized that some more complex speech environments 
might be more sensitive to the effects of hearing loss than the 

standard clinical version of the QuickSIN test, which presents a 
single talker monaurally or diotically in the presence of a four-
talker babble in an anechoic space. Of the seven alternative 
listening conditions tested, two conditions stood out as being 
substantially more sensitive to the effect of hearing loss than 
the standard QuickSIN test (note that this increased sensitiv-
ity occurred despite the fact that the QuickSIN test was care-
fully normalized to reduce the variability in the intelligibility 
of the IEEE sentences in the Babble task, and this adjustment 
was not made for any of the other listening conditions. Poten-
tially the differences across conditions might be even greater 
if these adjustments were made for the other listening condi-
tions). The first was the TC+Rev condition, which was highly 
correlated with the standard babble test but was substantially 
more sensitive to the effects of hearing loss. This suggests that 
the performance in the TC+Rev condition is degraded by the 
same hearing deficits that interfere with performance in the 
standard QuickSIN task, but that these degradations are ampli-
fied by the temporal distortions caused by the increased speech 
rate and simulated Reverb. Notably, the TC+Rev condition was 
more correlated than any other condition with a survey question 
asking how much listeners needed to concentrate to understand 
speech, suggesting an interaction between cognitive effort and 
the extraction of fast speech from reverberant environments.

The second condition that appeared to be more sensitive to 
the effects of hearing loss than the standard Babble condition 
was the N

0
Sπ condition. However, in contrast with the TC+Rev 

condition, the N
0
Sπ condition was very poorly correlated with 

performance in the standard babble condition. It was also one 
of the only two conditions (other being AV+N

0
Sπ) that were cor-

related with the SSQ question regarding the accuracy of sound 
localization. This suggests that it might be influenced by some 
aspect of binaural and spatial perception that is not addressed 
by the other conditions.

It is also notable that the AV conditions of the experi-
ment showed relatively little difference between the subjects 
with different degrees of hearing loss. Comparing the AV 
and non-AV conditions with and without the N

0
Sπ manipu-

lation, it appears that all listeners obtained approximately a 
5 dB improvement in performance from the availability of 
visual cues. Also, in general, it seems that the AV cues tend to 
minimize the differences between listeners with and without 
hearing loss, presumably because the performance in those 
conditions is dominated more by differences in lipreading 
skills than in hearing loss. Nevertheless, the AV conditions 
represent an important aspect of the everyday face-to-face 
communication. Moreover, there may be some type of hearing 
loss or some hearing prostheses or hearing loss interventions 

TABLE 4. Cross-correlation coefficients among the eight listening conditions, calculated across all participants

 AV N0Sπ AV+N0Sπ Spatial Reverb TC+Rev SSN

Babble 0.61 0.70 0.62 0.72 0.83 0.83 0.77
AV — 0.47 0.56 0.54 0.60 0.59 0.54
N0Sπ — — 0.84 0.64 0.62 0.71 0.63
AV+N0Sπ — — — 0.56 0.52 0.64 0.56
Spatial — — — — 0.79 0.75 0.69
Reverb — — — — — 0.81 0.76
TC+Rev — — — — — — 0.77

All correlations were statistically significant (p < 0.001). The correlation coefficients greater than 0.8 are written in bold.

Fig. 5. Subjectively estimated speech-in-noise thresholds SRT0 (open sym-
bols) and SRT100 (filled symbols) for each group in all eight listening condi-
tions. Symbols and error bars denote means and 95% confidence intervals 
estimated across listeners within each group. In each case, the gray “×” 
symbol denotes the mid-way point between SRT0 and SRT100, whereas the 
black “+” symbol represents the average SRT50 value. 
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that might be more sensitive to differences in visual cues, and 
the AV variants of the QuickSIN might be very useful in those 
situations.

A note should be made about the usefulness of a technique 
based on the method of adjustment to assess speech percep-
tion, rather than one based on objective speech intelligibility. 
In this experiment, listeners were fairly reliable at adjusting the 
level of masker to estimate the points of 100% and 0% speech 
intelligibility, and these subjective estimates were highly cor-
related with their objective SRT measurements (p < 1 × 10−8). 
This suggests that method of adjustment can be a very useful 
tool for assessing within-subject, across-masker differences in 
speech intelligibility in cases where a very rapid estimate is 
needed or where limitations in the amount of available speech 
materials (e.g., in the number of lists available in the Quick-
SIN) make it impractical to objectively test every condition. 
However, it does seem like these responses may also be influ-
enced by other factors. For example, in this experiment, the 
SRT

100
 condition was the only one correlated with the subjec-

tive question asking about the clarity of music. However, there 
were differences in these measures across listening conditions 
(especially in the AV and TC+Rev conditions of this experi-
ment), so care must be taken in using subjective measures to 
compare performance across different listening conditions.

Overall, these results suggest that a hearing test regimen that 
combines the TC+Rev task and the N

0
Sπ task might be an ideal 

combination for identifying individuals with hearing loss with 
speech-in-noise deficits but who score normally on traditional 
speech perception tests. Interestingly, the TC+Rev speech per-
ception condition and N

0
Sπ tone detection (not speech percep-

tion) are also the two tests that other studies in our laboratory 
have found to be most sensitive to self-reported hearing deficits 
in blast-exposed individuals with normal or near-normal audio-
grams (Brungart et al. 2016). The authors are currently adapting 
these tests for testing in the free field, which could be used to 
evaluate devices like hearing aids, and exploring ways to stan-
dardize and distribute these modified versions of the QuickSIN 
for more widespread clinical use.
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