
Speech in noise continues to be the number one complaint

of hearing instrument wearers (Kochkin, 2010). Despite this

widespread issue, it has been over a decade since the

introduction of switchable directional microphones—the last

technology that significantly improved signal-to-noise ratio

(SNR) (Valente, et.al., 1995). Unitron developed smartFocus™

technology with the specific goal of further improving

speech intelligibility in noise. While smartFocus appeared to

achieve significant SNR benefits in real-world settings, two

independent and accredited universities carried out studies

to test the efficacy of the smartFocus technology in unbiased

third-party research settings.

This paper summarizes the results of the studies carried out

at University of Rochester and Louisiana Technical University.

It demonstrates how smartFocus improves speech

intelligibility in noise on the HINT and BKB-SIN. Average

improvements across two large cohorts of subjects were

16% in a traditional BTE fitting and 13.5% in an open fitting.

These results prove that smartFocus provides the biggest

improvement in speech intelligibility in noise since the

introduction of directional microphones.

SmartFocus™

Impact on speech in noise

Executive summary
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Figure 2. Sound field

Speech in noise measures

Three separate speech in noise measures were

used to answer the research questions. The tests

used included:

HINT (Hearing in Noise Test)

• Adaptive threshold measurement using

published method & 20-item lists (Nilsson, Soli

et al. 1994)

• HINT speech-shaped noise masker presented

at 65 dBA

BKB-SIN

• Threshold signal-to-noise ratio measured using

published descending method (Etymotic

Research)

• Speech was presented at 65 dBA and multi-

talker babble masker from 18 to -9 dB SNR

• Final threshold based on average of two lists

(A and B)

Hearing instrument conditions

Signal processing parameters were set to default

Quick Fit settings in all four automatic programs.

SmartFocus features were superimposed on Quick

Fit in conditions 3, 4, and 5 below.

1. Unaided

2. GS - Gold Standard Quick Fit

3. M Cm - Maximum Comfort (+10): smartFocus is

set to maximize comfort

4. D Cl - Default Clarity (+6): smartFocus is set to

the Quick Fit Default Clarity position for the

Group/Party Noise environment

5. M Cl - Maximum Clarity (+10): smartFocus is set

to Maximum Clarity

In other words, the participants were given the

HINT and BKB-SIN tests in the unaided condition

and then each of the other four conditions: GS, M

Cm, D Cl and M Cl in randomized order.

Results
Effects of smartFocus™ on
speech perception in noise

Unaided speech perception tests, HINT and

BKB-SIN are shown in Figure 3.

Figure 3. Unaided HINT & BKB-SIN results by site for
each cohort

The left side of Figure 3 shows the mean HINT

sentence thresholds ±1 Std. obtained for all 88

participants. Each bar represents the results of 22

participants. For example, the two left hand bars,

Rochester A and Louisiana A, show the mean HINT

thresholds for the 22 participants at each site who

were part of Cohort A. The HINT threshold scale is

on the left hand Y-axis. There was a mean

difference of 7.1 dB for the Cohort A HINT

thresholds across sites. There was a 5.2 dB

difference across the two sites in the unaided HINT

thresholds for Cohort B. Similar, albeit smaller

differences, were found in the BKB-SIN SNR results
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Site and cohort

The effect of smartFocus on speech perception in

noise was demonstrated in a multi-site study by

David A. Eddins, Ph.D.1,2 and Melinda

Freyaldenhoven Bryan, Ph.D.3

In their work, they answered three research

questions:

1. How do various settings of smartFocus impact

speech perception in noise?

2. Does the enhanced parameter optimization

within smartFocus provide superior

performance over the same parameters in a

traditionally fitted instrument?

3. What is the impact of smartFocus on open

fittings?

Methods
Participants

To properly evaluate the speech in noise

performance of smartFocus, Eddins and Bryan

each tested 44 hearing impaired adults at their

facilities in New York and Louisiana respectively.

The 44 participants at each site were split into two

groups of 22. Cohort A consisted of people whose

hearing threshold levels (HTLs) fell into the fitting

range of a traditional BTE with a standard earmold

and 1.5 mm venting. Cohort B consisted of people

with little or no hearing loss in the low frequencies

making them appropriate candidates for open

fittings. The audiograms for the two cohorts from

each site are shown in Figure a & b. The mean

thresholds ±1 Std. for the right ears of the 44

participants in each cohort are shown.

Note: All participants had symmetric HTLs.

Figure 1a. Right ear - Cohort A

Figure 1(a) – Mean hearing threshold levels for Cohort A. Navy diamonds represent

the mean values for the participants from Rochester and light blue squares represent

the participants from Louisiana.

Figure 1b. Right ear - Cohort B

Figure 1(b) – Mean hearing threshold levels for Cohort B. Navy diamonds represent

the mean values for the participants from Rochester and light blue squares represent

the participants from Louisiana.

The testing took place in sound treated rooms

using the sound field set up shown in Figure 2.

Participants were fitted binaurally with Passport™

Moda™ II instruments. Cohort A wore #13 tubing

and standard earmolds while Cohort B was fitted

with slim tubes with open domes. Speech was

always presented from directly in front of the

listener: 0˚ azimuth. Noise was always presented

from all around the listener: 0˚, 90˚, 180˚ and 270˚

azimuth providing maximum stress on all hearing

instrument features.
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4

SmartFocus™ – Impact on speech in noise

across the two cohorts. The BKB-SIN SNR results

are not shown as a threshold, but simply as signal

to noise ratios. The scale for the BKB-SIN results is

on the right hand Y-axis of the graph. The

difference in SNR for the Cohort A BKB-SIN test

was 5.2 dB across sites.For Cohort B, it was 2.5 dB

across sites.

A regression analysis of the HINT and BKB-SIN

results demonstrated that differences in the

participants' hearing loss accounted for

approximately half of the variance in speech

perception seen in the two tests. Since the mean

hearing losses of the two cohorts from Louisiana

were consistently worse than those from the

Rochester site, it is not surprising that the mean

HINT and BKB-SIN results are also consistently

worse from the Louisiana cohorts.

The difference in HINT and BKB-SIN scores were

very consistent for both the unaided and aided

conditions. In other words, the 7.1 dB mean

difference between the two sites for the Cohort

A HINT results in the unaided condition were

mirrored by highly consistent site differences in

each of the aided conditions, ranging from 5.44

dB to 7.4 dB for the Cohort A HINT results.

Statistical analyses of all aided HINT and BKB-

SIN results demonstrated that although the

absolute values from Louisiana were higher

(worse) than those from Rochester, the amount

of the offset was extremely consistent across

every smartFocus condition between the two

sites. Therefore, this overall site difference can

reasonably be disregarded when evaluating the

effects of smartFocus. Thus, all subsequent

figures will show only the relative differences

between the smartFocus conditions instead of

absolute threshold values as in Figure 3.

HINT scores for Cohort A and Cohort B are

shown in Figures 4a & 4b. To make it easier

to compare the results from both sites, the

individual HINT scores for each smartFocus

condition (M Cm, D Cl & M Cl) are subtracted

from those of the Gold Standard (GS) condition

for each participant. Each bar on the graph

represents the mean difference for a smartFocus

setting from that of the GS condition. The HINT

results are shown separately for Cohort A from

Rochester (n=22), Cohort A from Louisiana

(n=22) and the combined results for Cohort A

from both sites (n=44) in Figure 4a. Figure 4b

shows a similar distribution of results for the

HINT results of Cohort B.

Figure 4a. HINT results for Cohort A

Figure 4b. HINT results for Cohort B

BKB-SIN scores for Cohort A and Cohort B are

shown in Figures 5a & 5b. Figures 5a & 5b are

presented according to the same guidelines as

Figures 4a & 4b with the same analysis applied.
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Figure 5a. BKB-SIN results for Cohort A

Figure 5b. BKB-SIN results for Cohort B

Research questions

1. How do various settings of smartFocus impact

speech perception in noise?

Visual inspection of Figures 4a, 4b, 5a & 5b

indicate that there are highly significant

differences in speech perception in noise at

various settings of smartFocus. A series of

parametric statistics were employed to determine

if any of the effects observed in Figures 4 and 5

were indeed statistically significant. The final

paired comparisons of the three smartFocus

settings in the combined condition are shown

in Table 1.

Table 1. Paired t-tests

Cohort A HINT
Conditions Mean t-stat DF p value Corrected

difference significance
M Cm ≠ D Cl 3.752 9.74 43 < 0.0001 p < 0.01
M Cm ≠ M Cl 3.231 8.07 43 < 0.0001 p < 0.01
D Cl ≠ M Cl 0.521 1.56 43 0.1271 N.S.

Cohort B HINT
M Cm ≠ D Cl 1.587 3.84 43 0.0004 p < 0.01
M Cm ≠ M Cl 1.893 4.96 43 < 0.0001 p < 0.01
D Cl ≠ M Cl 0.305 0.94 43 0.3519 N.S.

Cohort A BKB-SIN
M Cm ≠ D Cl 3.01 8.17 43 < 0.0001 p < 0.01
M Cm ≠ M Cl 2.76 7.16 43 < 0.0001 p < 0.01
D Cl ≠ M Cl 0.25 0.75 43 0.4584 N.S.

Cohort B BKB-SIN
M Cm ≠ D Cl 1.14 3.41 43 0.0014 p < 0.01
M Cm ≠ M Cl 1.39 3.28 43 0.0020 p < 0.01
D Cl ≠ M Cl 0.25 0.72 43 0.4765 N.S.

Table 1. Paired t-tests comparing the HINT and BKB-SIN results for both cohorts with

respect to the three settings of the smartFocus feature.

In both cohorts and for both tests, HINT and BKB-

SIN, the results are the same. The Maximum

Comfort (M Cm) setting provides significantly

poorer speech perception in noise than either the

Default Clarity (D CL) or Maximum Clarity (M Cl)

settings (p < 0.01). However, D Cl was not

significantly different from M Cl in any instance. In

Figures 4 and 5, a lower score (bar that drops

below zero) is a better score. Any condition with a

lower score is a condition where the participants

could still understand speech in a more

unfavorable SNR. Thus, a drop to -1.8 dB for the

Default Clarity setting in Figure 4a shows that the

participants could withstand a 1.8 dB worse SNR at

the Default Clarity setting of the smartFocus control

than in the Gold Standard condition. In that same

figure, the Maximum Clarity setting was 1.9 dB

higher than the Gold Standard condition. Thus, the

Default clarity setting for all 44 participants

combined provided an average improvement in

SNR of 3.7 dB over the Maximum Comfort setting.
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Please note: A Bonferroni correction was applied to the final probabilities to account the use of multiple t-tests. Therefore, the probability of a significant effect should be read
from the right hand column with the heading, “Corrected Significance” not the traditional p-value column.



In answer to the first research question, smartFocus’

Clarity settings significantly improve speech

perception in noise over those in the Comfort

direction of the feature. SmartFocus’ two Clarity

settings yield better SNRs than the Maximum

Comfort setting in every case shown in Table 1 and

Figures 4 and 5.

2. Does the enhanced parameter optimization

within smartFocus provide superior performance

over the same parameters in a traditionally

fitted instrument?

It would appear from Figures 4 and 5 that there may

be significant differences between the GS condition

and each of the smartFocus conditions: M Cm, D Cl

& M Cl. Another round of statistical analyses was

required to definitively answer the question on a

case-by-case basis. The results of a series of paired

t-tests comparing the GS condition to each of the

three smartFocus conditions for the combined data

are shown in Table 2. A number of highly significant

outcomes can be seen in Table 2. The HINT results

from Cohort A show that all three smartFocus

conditions were significantly different from the GS

condition (p < 0.01). However, there was no

significant difference between the M Cm condition

and the GS condition in any of the other three sets

of comparisons. In those three sets of comparisons,

Cohort B HINT, Cohorts A & B BKB-SIN in both of

the Clarity settings of the smartFocus feature

provided significantly better speech perception in

noise than did the GS condition (p < 0.01).

Therefore, in answer to the question, the two Clarity

settings of smartFocus provided significantly better

speech perception in noise performance than the

traditionally fitted GS condition. There was a

statistically significant improvement in SNRs for

every Clarity setting of smartFocus over the GS

throughout Table 2 and Figures 4 and 5.

Table 2. Paired t-tests

Cohort A HINT
Conditions Mean t-stat DF p value Corrected

difference significance
GS ≠ Max Com -1.915 -5.29 43 < 0.0001 p < 0.01
GS ≠ Def Clar 1.837 5.31 43 < 0.0001 p < 0.01
GS ≠ Max Clar 1.316 3.60 43 0.0008 p < 0.01

Cohort B HINT
GS ≠ Max Com -0.379 -0.94 43 0.3514 N.S.
GS ≠ Def Clar 1.209 3.79 43 0.0005 p < 0.01
GS ≠ Max Clar 1.514 5.33 43 < 0.0001 p < 0.01

Cohort A BKB-SIN
GS ≠ Max Com 0.11 0.25 43 0.8015 N.S.
GS ≠ Def Clar 3.13 6.79 43 < 0.0001 p < 0.01
GS ≠ Max Clar 2.88 5.63 43 < 0.0001 p < 0.01

Cohort B BKB-SIN
GS ≠ Max Com 0.60 1.48 43 0.1465 N.S.
GS ≠ Def Clar 1.74 5.02 43 < 0.0001 p < 0.01
GS ≠ Max Clar 1.99 6.07 43 < 0.0001 p < 0.01

Paired t-tests comparing the Gold Standard HINT and BKB-SIN results for both

cohorts to the three settings of the smartFocus feature.

3.What is the impact of smartFocus on open fittings?

This question has already been answered while

responding to the first two questions. The results

shown in Figures 4b and 5b as well as all of the

Cohort B results in Tables 1 and 2 relate directly

to the question of the impact of smartFocus on

open fittings. As stated above, even in an open

fitting, the Default Clarity and Maximum Clarity

settings of smartFocus provided significantly

improved speech perception in noise over both

the Maximum Comfort smartFocus setting and

the Gold Standard condition. The changes to

speech perception in noise for both cohorts on

each test for the three smartFocus conditions

relative to the Gold Standard are shown in

Table 3.

The changes to speech perception in noise (dB

SNR) are shown for the HINT and BKB-SIN with

respect to Cohort A “Vented” and Cohort B “Open

fit” in Table 3.

Table 3. Impact of smartFocus feature on HINT
and BKB-SIN for both vented and open fittings.

Conditions HINT (dB) HINT (%) BKB-SIN (dB)
Vented
Maximum Comfort - 1.9 -16.9 0.1
Default Clarity 1.8 16.2 3.1
Maximum Clarity 1.3 11.6 2.9

Open fit
Maximum Comfort -0.4 -3.6 0.6
Default Clarity 1.2 10.7 1.7
Maximum Clarity 1.5 13.5 2.0

The largest improvement in SNR for the vented

fittings was at the Default Clarity setting for

both the HINT and BKB-SIN at 1.8 dB and 3.1 dB

respectively. The largest improvement in SNR in

the open fittings of Cohort B was at the

Maximum Clarity setting of smartFocus. The

Cohort B HINT and BKB-SIN improvements of

1.5 dB and 2.0 dB respectively were smaller in

magnitude than those at the Default Clarity

setting of the vented condition, but still

statistically significant. The HINT score for the

Maximum Comfort setting in the vented fittings

was the only smartFocus condition that was

significantly worse than the GS at -1.9 dB. Of

course, it is not the purpose of the Comfort

settings to improve speech perception in noise.

That is handled by smartFocus’ Clarity settings.

Therefore, this outcome is neither distressing

nor wholly unexpected.

As an aid to understanding the magnitude

of these effects, the HINT SNR scores were

converted to a percentage of change in speech

intelligibility using a correction factor of 8.9%

improvement for every 1 dB improvement in

HINT SNR (Nilsson, Soli et al. 1994). There was

as much as 16.2% improvement in speech

intelligibility in noise in the vented condition

over the Gold Standard at the Default Clarity

setting of smartFocus. Bearing in mind that the

Gold Standard condition was the same hearing

instrument (Passport™ Moda™ II) used for the

smartFocus conditions and that the directional

microphone was engaged in the GS condition,

this is a substantial improvement in speech in

noise performance and an intelligibility

improvement in excess of the already significant

directional microphone effect. Furthermore,

even the open fitting demonstrated 13.5%

speech intelligibility improvement at the

Maximum Clarity setting of smartFocus over the

GS. This is a very substantial change to be

maintained across 44 participants wearing open

fitting hearing instruments. The default position

(+6 Clarity) was the smartFocus setting with the

largest improvement in speech perception for

the vented group (Cohort A). However, the

largest speech perception benefit for Cohort B

was found at the Maximum Clarity position (+10

Clarity). This clearly demonstrates that people

with different hearing losses have diverse

requirements of the feature, and explains why

the settings can be optimized by either the fitter

or the wearer.
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Summary
Controlled testing using the HINT and BKB-SIN test at two separate sites revealed a 16% improvement

in speech intelligibility in noise using smartFocus over a traditional fitting approach without

smartFocus (Gold Standard). A 13.5% speech intelligibility improvement was maintained even in an

open fitting. These results prove that smartFocus significantly improves speech perception in noise.
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