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Speech, Spatial and Qualities of Hearing
Scale (SSQ) and Spatial Hearing
Questionnaire (SHQ) Changes Over
Time in Adults With Simultaneous
Cochlear Implants

Juan Zhang,®® Richard Tyler,® Haihong Ji,° Camille Dunn,”
Ningyu Wang,? Marlan Hansen,” and Bruce Gantz®

Purpose: The purpose of the present study is to
evaluate the changes over time of the Spatial Hearing
Questionnaire (SHQ; Tyler, Perreau, & Ji, 2009) and the
Speech, Spatial and Qualities of Hearing Scale (SSQ;
Gatehouse & Noble, 2004) in adults with simultaneous
bilateral cochlear implants by collecting data for 2 years
after implantation.

Method: Nineteen postlingual subjects participated in this
study. Average age at implant was 63 years. The subjects’
data were included in this retrospective analysis only if they
completed both questionnaires. We compared subjects’
SSQ and SHQ scores to word recognition and sound
localization performances.

Results: The study showed SHQ and SSQ scores
continuously improved up to 1 year postimplantation, with
the most improvement occurring within the first 6 months of
implantation. After 1 year, the scores reached a plateau.
This is consistent with laboratory tests from the same

19 subjects, and they showed high correlations (p < .05).
The present study also showed a high degree of correlation
between SHQ and SSQ scores.

Conclusions: Both the SSQ and SHQ scores improved up
to 12 months postimplantation, with the most improvement
during the first 6 months of implantation. Both were
consistent with laboratory tests. There was a high degree of
correlation between SHQ and SSQ scores.

and cochlear implant (CI) performance, it is im-

portant to assess spatial hearing— the ability to
hear and process sounds from different locations. This can
be accomplished with a variety of tests and questionnaires.

Spatial hearing speech perception tests include tests in

which the speech and noise originate from different loca-
tions. For example, words originate from one loudspeaker,
and noise or a competitive signal is simultaneously sent
from a different source (Arndt et al., 2011; Buss et al.,
2008; Gantz et al., 2002; Hassepass et al., 2013; Litovsky,
Parkinson, Arcaroli, & Sammeth, 2006; Tyler et al., 2002;
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Tyler, Noble, Dunn, & Witt, 2006). Localization tests usu-
ally require subjects to identify the location among an array
of loudspeakers from which the sound was emitted (Chang
et al., 2010; Dunn, Tyler, & Witt, 2005; Grantham, Ashmead,
Ricketts, Labadie, & Haynes, 2007; Kuk, Korhonen, Lau,
Keenan, & Norgaard, 2013; Moon et al., 2014).

There are two questionnaires specifically designed to
focus on spatial hearing. The Speech, Spatial and Qualities
of Hearing Scale (SSQ; Gatehouse & Noble, 2004) covers
speech perception in the quiet conditions of a soundproof
room and in spatial hearing situations, localization tasks,
and rating the quality of speech perceived (naturalness,
clarity, ability to differentiate speakers, and perception of
music). The SSQ contains 49 questions using a scale from 0
to 10 for each question. It was developed using a clinician—
patient interview experimental design. It has been widely
used, and there have been several adaptations (Akeroyd, Guy,
Harrison, & Suller, 2014; Desmet, Wouters, De Bodt, &
Van de Heyning, 2012; Noble, Tyler, Dunn, & Bhullar, 2009;
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Table 1. Average scores and standard deviations of Spatial Hearing
Questionnaire (SHQ); Speech, Spatial and Qualities of Hearing Scale
(SSQ); word recognition; and localization performances over time.

Time since implantation Size M SD

Preimplantation

SHQ overall scores 19 25.26 20.03
SSQ overall scores 19 2.69 1.56
SHQ speech factor scores 19 26.52 22.94
SSQ speech factor scores 19 1.65 1.30
SHQ localization factor scores 19 15.12 17.05
SSQ localization factor scores 19 2.19 1.96
Word recognition 19 7.74 9.98
Localization 19 39.25 11.88
6 months
SHQ overall scores 11 52.46 27.69
SSQ overall scores 11 5.32 2.66
SHQ speech factor scores 11 52.25 28.97
SSQ speech factor scores 11 4.99 2.75
SHQ localization factor scores 11 47.16 29.97
SSQ localization factor scores 11 517 2.83
Word recognition 11 56.09 30.08
Localization 11 23.19 11.28
12 months
SHQ overall scores 19 57.00 26.79
SSQ overall scores 19 5.44 2.49
SHQ speech factor scores 19 53.60 2711
SSQ speech factor scores 19 5.01 2.61
SHQ localization factor scores 19 54.28 29.61
SSQ localization factor scores 19 5.21 2.86
Word recognition 19 61.42 22.20
Localization 19 22.20 9.96
24 months
SHQ overall scores 19 55.66 22.88
SSQ overall scores 19 5.53 2.21
SHQ speech factor scores 19 51.37 24.02
SSQ speech factor scores 19 4.91 2.27
SHQ localization factor scores 19 54.70 26.84
SSQ localization factor scores 19 513 2.99
Word recognition 19 64.00 23.45
Localization 19 20.33 8.22

Tavora-Vieira, Marino, Krishnaswamy, Kuthbutheen, &
Rajan, 2013).

The Spatial Hearing Questionnaire (SHQ; Tyler,
Perreau, & Ji, 2009) focuses only on spatial hearing, cover-
ing areas of speech perception in quiet conditions, speech
perception in spatial hearing situations, and localization of
a sound source. It does not include questions on the quality
of the speech or music. The SHQ is comprised of 24 ques-
tions using a scale from 0 to 100 (people typically choose
a number between 0 and 5, 6 and 10, 11 and 15, etc., and
therefore the resolution typically has 21 responses). It was
validated on the basis of patients filling out the question-
naire without assistance. It has also been widely used, and
there have been adaptions (Potvin, Kleine Punte, & Van
de Heyning, 2011; Desmet et al., 2012; Perreau, Ou, Tyler,
& Dunn, 2014; Perreau, Spejcher, Ou, & Tyler, 2014).

Research studying long-term results of SHQ and SSQ
questionnaires on the benefits of CIs is limited. Hassepass
et al. (2013) evaluated audiologic and SSQ outcomes at
preimplantation and 12 months after CI treatment for three
patients with unilateral hearing loss due to labyrinthitis

ossificans. Their data showed moderate-to-high hearing
benefit after CI in two cases and no benefit for the third.
Tavora-Vieira et al. (2013) showed that there was a signifi-
cant improvement from preoperative SSQ scores and the
3-month follow-up scores in a study to investigate CI in pa-
tients with unilateral deafness with and without tinnitus.
Perreau, Ou, et al. (2014) compared pre- and postimplant
scores using the SHQ for different CI profiles and found that
subjective spatial hearing ability was rated higher for the bi-
lateral and short-electrode CI users compared to the unilat-
eral and bimodal users.

However, very little research has reported on the
long-term results of SHQ and SSQ on the benefits of simul-
taneous bilateral CIs. This evaluation seems crucial given
that implants are put into both ears, and one implant is not
preserved for future medical intervention.

Research studying the correlations of SHQ and SSQ
with objective results is limited. Laske et al. (2009) demon-
strated that there was a statistically significant correlation of
the results from the localization test and the section of the
SSQ on spatial hearing (p < .05) in a study to assess subjec-
tive and objective results in 34 consecutive bilaterally im-
planted adult patients. However, Heo, Lee, and Lee (2013)
found that the relationships were not always consistent be-
tween the objective outcomes and the subjective self-reports
in a study aimed to measure the hearing aid and CI bene-
fits on the objective and subjective outcomes for adults.

To better document the benefits of the CI performances,
a study that focuses on questionnaires and objective result
correlation is needed.

Research studying the correlations of SSQ and SHQ
is limited. SSQ and SHQ are two questionnaires focused
on spatial hearing. They both have speech and localization
factors. SSQ includes the evaluation of the speech quality
perceived, and it is more detailed. The SHQ focus only
on spatial hearing, and it is easier to do. To better choose
the questionnaires for clinics and scientific research, it is
necessary to know the correlations and differences between
these questionnaires.

The purpose of the present study is to evaluate the
changes over time of SHQ and SSQ when used on adults
with simultaneous bilateral CIs by collecting data over
2 years postimplantation. We also compare the question-
naires’ results with laboratory word recognition and sound
localization tests. Last, we study the correlations of SSQ
and SHQ over time on these subjects with simultaneous
bilateral implants (CI+CI).

Method
Subjects

All subjects participated in the lowa Adult Cochlear
Implant Program, a study approved by the University of
Towa’s Institutional Review Board. Of the 19 postlingual
subjects participating in this study, eight were men, and
11 were women. The age when the implant was performed
was 63 years (range = 20-81, SD = 13). All the subjects were
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CI+CI. The subjects’ data were included in this retrospective
analysis only if they completed both questionnaires.

Test Measures

The SSQ and SHQ were administered to the subjects
in one session by a research audiologist in a quiet room.
Subjects completed the questionnaire prior, during, or
shortly after their research sessions at the University of
Towa using a paper-and-pencil method to record their re-
sponses, and data were entered and stored in a database
for later retrieval. Responses were averaged, and the mean
score for each subsection was also calculated. The three
factors in SSQ are (a) speech understanding; (b) spatial per-
ception; and (c) clarity, separation, and identification
(Akeroyd et al., 2014), respectively. The three factors in
SHQ are (a) sound localization, (b) speech in noise, and
(c) music in noise and speech in quiet (Tyler et al., 2009).

We compared subjects’ SSQ and SHQ scores to word
recognition and sound localization performances. The
Consonant—Nucleus—Consonant (CNC) test (Tillman &
Carhart, 1966) was presented in quiet at 70 dBC, and the
Everyday Sounds Localization Test (Dunn et al., 2005) was
presented in a double-walled, sound-treated room. The lat-
ter test consisted of 16 everyday sounds presented through
eight loudspeakers, each spaced 15.5° apart, forming a 108°
arc in front of the subjects. The sound stimuli were each
presented at 70 dBC. A low score on this test—that is,
root-mean-square (RMS) error of < 10°—represents good
localization abilities. Chance level of this test is from 44.5°
to 55.53° RMS error. We simulated chance observations
using statistical software R of 96 total sounds of which
12 sounds come from each of eight loudspeakers. The re-
sponse value was drawn from a uniform distribution of
choosing Speakers 1-8 a total of 12 times. RMS error was
computed for each of 10,000 simulated draws. The mean
RMS value of the simulated draws was 3.237 with a 95%
confidence interval ranging from 2.874 to 3.582. If we mul-
tiply by 15.5 to gain the azimuth between speakers, we
get the RMS error in degrees. In this case, the mean was
50.18 with a 95% confidence interval ranging from 44.55
to 55.53. The word recognition and localization data were
administered to subjects with two devices.

Results

Changes of SHQ, SSQ, Word Recognition,
and Localization Performances Over Time

Figure 1 shows the changes of SHQ, SSQ, word rec-
ognition, and localization over time. Figure 1A shows the
results from 19 subjects who all have data points at pre-
implantation and 12 and 24 months postimplantation. A
repeated-measures analysis of variance with Bonferroni ad-
justment for multiple comparisons demonstrated that the
first 12 months after implantation showed the largest incre-
mental improvement for all measurements, F(2, 36) = 77.3,
p < .05, for word recognition; F(2, 36) = 19.2, p < .05, for

SHQ; F(2, 36) = 24.0, p < .05, for SSQ; and F(2, 36) = 36.2,
p < .05, for localization performances. There is no signifi-
cant difference among 12-month postimplantation and
24-month postimplantation scores for all measurements.
CNC scores improved from 7.74% at preimplantation to
61.42% at 12 months with an additional benefit of 3%
between 12 and 24 months. For localization performances,
RMS error improved from 39.25° at implantation to 22.20°
at 12 months with an additional benefit of 2° between 12
and 24 months. SHQ scores improved from 25.26 at pre-
implantation to 57 at 12 months with no additional benefit
between 12 and 24 months. SSQ scores improved from
2.69 at preimplantation to 5.44 at 12 months with a slight
benefit of 0.1 between 12 and 24 months.

Figure 1B shows 11 subjects’ results from among the
same 19 subjects who have data points at preimplantation
and 6, 12, and 24 months postimplantation. A repeated-
measures analysis of variance with least significant difference
adjustment for multiple comparisons demonstrated that the
first 6 months after implantation showed the largest incre-
mental improvement for all measurements, F(3, 30) = 27.1,
p < .05, for word recognition; F(3, 30) = 9.0, p < .05, for
SHQ; F(3, 30) = 8.99, p < .05, for SSQ; and F(3, 30) = 7.2,
p < .05, for localization performances. There is no signifi-
cant difference among 6-, 12-, and 24-month postimplanta-
tion scores for all measurements. CNC scores improved
from 8.82% at preimplantation to 56.09% at 6 months and
continued to improve to 62.64% at 12 months with no addi-
tional benefit between 12 and 24 months. For localization
performances, RMS error improved from 36.80° at implan-
tation to 23.19° at 6 months with no additional benefit
between 6 and 12 months and then continued to improve
to 20.94° at 24 months postimplantation. SHQ scores im-
proved from 25.82 at preimplantation to 52.46 at 6 months
and continued to improve to 60 at 12 months with no addi-
tional benefit between 12 and 24 months. SSQ scores im-
proved from 2.82 at preimplantation to 5.32 at 6 months
and continued to improve to 5.53 at 12 months with no ad-
ditional benefit between 12 and 24 months. Figure 1 shows
that during the first 24 months postimplantation, word rec-
ognition, localization performances, SHQ, and SSQ scores
mainly improved between preimplantation and 6 months
postimplantation and continued to improve to 24 months
postimplantation. After 12 months, it reached a plateau,
and there were no big benefits (see Table 1). The study also
showed that the changes of SHQ and SSQ are consistent with
word recognition and localization performances over time.

Figure 2 shows the individual results for word recog-
nition, SHQ, SSQ, and localization performances at pre-
implantation and 12 and 24 months postimplantation for
the same 19 subjects shown in Figure 1A. There are large
individual differences in performances over time.

Correlations of SSQ/SHQ Scores and Word
Recognition Over Time

Figures 3A, 3C, and 3D show the correlations of
SSQ/SHQ and word recognition at preimplantation and 12
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Figure 1. Changes in Spatial Hearing Questionnaire (SHQ); Speech, Spatial and Qualities of Hearing Scale (SSQ); word recognition;

and localization performances over time. (A) Results from 19 subjects who all have data points at preimplantation and 12 and 24 months
postimplantation. (B) Eleven subjects’ results from the same 19 subjects who have data points at preimplantation and 6, 12, and 24 months
postimplantation. Word recognition performances are expressed as percentage correct. Localization performances are expressed as
root-mean-square error scores. SSQ scores are changed into 100 scales for comparisons. Error bars indicate standard errors. Significant

differences are marked by the brackets. *p < .05.

I Pre-implantation A =19
1004 [ 12 months post-implantation

I 24 months post-implantation
80 — — ~ e
60 L T T
40 -
204 i

LB | |
Word Recognition SHQ SSQ Localization

I Pre-implantation B .
100 4 == 6 months post-implantation n=11
I 12 months post-implantation
[ 24 months post-implantation
80 - N . i "
1 1 1 1
0 I I I I i
40 4
20 4
‘Word Recognition SHQ SSQ Localization

and 24 months postimplantation from the same 19 subjects
shown in Figure 1A. Figure 3B shows the correlations at

6 months postimplantation from the same 11 subjects shown
in Figure 1B. Significant correlations were found between
SHQ/SSQ scores and word recognition at 6, 12, and

24 months postimplantation. Pearson correlation coefficients
for SHQ/SSQ and word recognition at 6 months post-
implantation were 0.715 (p < .05) and 0.839 (p < .01), re-
spectively. Pearson correlation coefficients for SHQ/SSQ
and word recognition at 12 months postimplantation were
0.752 and 0.748, respectively (p < .01). Pearson correlation
coefficients for SHQ/SSQ and word recognition at 24 months
postimplantation were 0.631 and 0.648, respectively (p < .01).
No significant correlations were found between SHQ/SSQ
scores and word recognition at preimplantation.

Figure 4 shows that significant correlations were
found between SHQ/SSQ speech factor scores and word
recognition at 6, 12, and 24 months postimplantation.
Pearson correlation coefficients for SHQ/SSQ speech factor
scores and word recognition at 6 months postimplantation
were 0.698 and 0.772, respectively (p < .01). Pearson cor-
relation coefficients for SHQ/SSQ speech factor scores and
word recognition at 12 months postimplantation were
0.542 and 0.614, respectively (p < .01). Pearson correlation
coefficients for SHQ/SSQ speech factor scores and word
recognition at 24 months postimplantation were 0.634 and
0.614, respectively (p < .01). No significant correlations
were found between SHQ/SSQ speech factor scores and
word recognition at preimplantation.

Figure 3 shows that SHQ and SSQ overall scores
had good correlations with word recognition performances
over time. Furthermore, Figure 4 shows that SHQ and SSQ
speech factor scores also had good correlations with word
recognition over time.

Correlations of SSQ/SHQ Scores
and Localization Over Time

Figures 5A, 5C, and 5D show the correlations of
SSQ/SHQ scores and localization from the same 19 sub-
jects shown in Figure 1A at preimplantation and 6, 12, and
24 months postimplantation. Figure 5B shows the corre-
lations from the same 11 subjects shown in Figure 1B at
6 months postimplantation. Significant correlations were
found between SHQ/SSQ scores and localization at 6, 12,
and 24 months postimplantation in Figure 5. Pearson corre-
lation coefficients for SHQ/SSQ scores and localization per-
formances at 6 months postimplantation were —0.869 and
—0.870, respectively (p < .01). Pearson correlation coeffi-
cients for SHQ/SSQ scores and localization at 12 months
postimplantation were —0.726 and —0.639, respectively
(p < .01). Pearson correlation coefficients for SHQ/SSQ
scores and localization at 24 months postimplantation were
—0.731 and —0.666, respectively (p < .01). No significant
correlations were found between SHQ/SSQ scores and locali-
zation at preimplantation.

Figure 6 shows that significant correlations were
found between SHQ/SSQ localization factor scores and lo-
calization at 6, 12, and 24 months postimplantation. Pearson
correlation coefficients for SHQ/SSQ localization factor
scores and localization at 6 months postimplantation were
—0.817 and —0.882, respectively (p < .01). Pearson corre-
lation coefficients for SHQ/SSQ localization factor scores
and localization at 12 months postimplantation were
—0.726 and —0.639, respectively (p < .01). Pearson corre-
lation coefficients for SHQ/SSQ localization factor scores
and localization at 24 months postimplantation were
—0.662 and —0.666, respectively (p < .01). No significant
correlations were found between SHQ/SSQ localization
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Figure 2. Panels A-D: Individual results for word recognition; Spatial Hearing Questionnaire (SHQ); Speech, Spatial and Qualities of Hearing
Scale (SSQ); and localization performances at preimplantation and 12 and 24 months postimplantation for the same 19 subjects shown in
Figure 1A. RMS = root-mean-square.
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Figure 3. Correlations of Spatial Hearing Questionnaire (SHQ) scores; Speech, Spatial and Qualities of Hearing Scale (SSQ) scores; and
word recognition over time. Panel A: Preimplantation correlations from the same 19 subjects shown in Figure 1A. Panel B: The 6-month
postimplantation correlations from the same 11 subjects shown in Figure 1B. Panel C: The 12-month postimplantation correlations from the
same 19 subjects shown in Figure 1A. Panel D: The 24-month postimplantation correlations from the same 19 subjects shown in Figure 1A.
Word recognition performance is expressed as percentage correct. SSQ scores are changed into 100 scales for comparisons. r = Pearson
correlation coefficients. Significant differences are marked in the figures.
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Figure 4. Correlations of Spatial Hearing Questionnaire (SHQ) scores; Speech, Spatial and Qualities of Hearing Scale (SSQ) scores; and word
recognition over time. Panels A, C, and D: Correlations at preimplantation and 12 and 24 months postimplantation from the same 19 subjects
shown in Figure 1A. Panel B: Correlations at 6 months postimplantation from the same 11 subjects shown in Figure 1B. Word recognition
performance is expressed as percentage correct. SSQ scores are changed into 100 scales for comparisons. r = Pearson correlation
coefficients. Significant differences are marked in the figures.
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Figure 5. Correlations of Spatial Hearing Questionnaire (SHQ) scores; Speech, Spatial and Qualities of Hearing Scale (SSQ) scores; and
localization performances over time. Panel A: Preimplantation correlations from the same 19 subjects shown in Figure 1A. Panel B: The 6-
month postimplantation correlations from the same 11 subjects shown in Figure 1B. Panel C: The 12-month postimplantation correlations from
the same 19 subjects shown in Figure 1A. Panel D: The 24-month postimplantation correlations from the same 19 subjects shown in Figure 1A.
Localization performances are expressed as root-mean-square (RMS) error scores. SSQ scores are changed into 100 scales for comparisons.
r = Pearson correlation coefficients. Significant differences are marked in the figures.
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Figure 6. Correlations of Spatial Hearing Questionnaire (SHQ) scores; Speech, Spatial and Qualities of Hearing Scale (SSQ) scores; localization
scores; and localization performances over time. Panels A, C, and D: Correlations at preimplantation and 12 and 24 months postimplantation
from the same 19 subjects shown in Figure 1A. Panel B: Correlations at 6 months postimplantation from the same 11 subjects shown in Figure 1B.
Localization performance is expressed as root-mean-square (RMS) error scores. SSQ scores are changed into 100 scales for comparisons.
r = Pearson correlation coefficients. Significant differences are marked in the figures.
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factor scores and localization at preimplantation. Figures 5
and 6 show that both SHQ and SSQ overall scores and
speech factor scores had good correlations with word recog-
nition over time.

Correlations of the SSQ Scores and
SHQ Scores Over Time

Figure 7 shows the correlations of SHQ and SSQ
overall scores over time. Figures 7A, 7C, and 7D show the
correlations at preimplantation and 12 and 24 months post-
implantation from the same 19 subjects shown in Figure 1A.
Figure 7B shows the correlations at 6 months postimplan-
tation from the same 11 subjects shown in Figure 1B. Pearson
correlation coefficients for each panel are 0.876, 0.935, 0.924,
and 0.790, respectively (p < .01).

Figure 8 shows the correlations of SHQ speech factor
scores and SSQ speech factor scores over time. Pearson
correlation coefficients for each panel are 0.714, 0.929,
0.839, and 0.736, respectively (p < .01).

Figure 9 shows the correlations of SHQ localization
factor scores and SSQ localization factor scores over time.
Pearson correlation coefficients for each panel are 0.861,
0.893, 0.908, and 0.790, respectively (p < .01).

One Subject’s Questionnaire Results Were Not
Consistent With Objective Tests Results

Figure 10 shows the changes of SHQ, SSQ, word rec-
ognition, and localization for Subject 7. Her word recog-
nition scores improved from 3% at preimplantation to 38%
at 6 months with a small benefit of 6% from 6 to 12 months
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Figure 7. Correlations of Spatial Hearing Questionnaire (SHQ) and Speech, Spatial and Qualities of Hearing Scale (SSQ) overall scores over
time. Panels A, C, and D: Correlations at preimplantation and 12 and 24 months postimplantation from the same 19 subjects shown in Figure 1A.
Panel B: Correlations at 6 months postimplantation from the same 11 subjects shown in Figure 1B. r = Pearson correlation coefficients. Significant
differences are marked in the figures.
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Figure 8. Correlations of Spatial Hearing Questionnaire (SHQ) and Speech, Spatial and Qualities of Hearing Scale (SSQ) speech factor scores
over time. Panels A, C, and D: Correlations at preimplantation and 12 and 24 months postimplantation from the same 19 subjects shown in
Figure 1A. Panel B: Correlations at 6 months postimplantation from the same 11 subjects shown in Figure 1B. r = Pearson correlation coefficients.
Significant differences are marked in the figures.
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Figure 9. Correlations of Spatial Hearing Questionnaire (SHQ) and Speech, Spatial and Qualities of Hearing Scale (SHQ) localization factor
scores over time. Panels A, C, and D: Correlations at preimplantation and 12 and 24 months postimplantation from the same 19 subjects shown
in Figure 1A. Panel B: Correlations at 6 months postimplantation from the same 11 subjects shown in Figure 1B. r = Pearson correlation

coefficients. Significant differences are marked in the figures.
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postimplantation and then declined to 29% at 24 months
postimplantation. However, her SHQ scores improved
from 56 at preimplantation to 81 at 6 months with a slight
reduction to 73 at 24 months and continued to decline to
68 at 24 months postimplantation. The SSQ scores im-
proved from 4.7 at preimplantation to 6.56 at 6 months
and slightly reduced to 6.19 at 12 months postimplantation
and improved to 7.02 at 24 months postimplantation. For
this subject, the trend of SHQ and SSQ changes was consis-
tent with word recognition performances. However, the
SHQ and SSQ scores were very high even though her CNC
scores were very low. This shows that the subjective feel-
ings were not consistent with the laboratory test results.

Discussion

The purpose of the present study was to document
the performance changes of two questionnaires over time

on adults with CI+CI. We also compared the question-
naires’ results with laboratory word recognition and sound
localization tests. Furthermore, we studied the correlations
of SSQ and SHQ over time on these subjects with CI+CI.

Changes of SHQ and SSQ Over Time
on Adults With CI+CI

In the present study, the data show that during the
first 24 months postimplantation, SHQ and SSQ scores
continuously improved up to 1 year postimplantation with
the most benefit occurring within the first 6 months of
implantation. After 1 year, scores reached a plateau.

In this study, SHQ scores improved from 25.3 at pre-
implantation to 57 at 12 months postimplantation. This
is consistent with previous studies. Perreau, Ou, et al.
(2014) demonstrated that the total SHQ score for bilateral
CI users was 59.2. Compared with different CI profiles (CI,
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Figure 10. The changes of Spatial Hearing Questionnaire (SHQ);
Speech, Spatial and Qualities of Hearing Scale (SSQ); word
recognition; and localization for Subject 7. Word recognition
performances are expressed as percentage correct. Localization
performances are expressed as root-mean-square error scores.
SSQ scores are changed into 100 scales for comparisons. The SHQ
and SSQ scores were high before and after implantation, and the
Consonant-Nucleus—Consonant test scores were very low. This
indicated that the subjective feelings were not consistent with the
laboratory test results for some subjects.
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CI + hearing aid, hybrid), subjective spatial hearing ability
rated higher for the bilateral and short-electrode CI users.

Correlation of SHQ and SSQ Scores and Word
Recognition and Localization Over Time

In this study, we observed that subjects showed sub-
stantial improvement in word recognition and localization
over the first 1-12 months postimplantation. Major im-
provement occurred within 6 months, and for some subjects,
the improvement extended to 24 months. This is consistent
with earlier work that showed the majority of CI+CI pa-
tients showed improvement in speech perception and locali-
zation in 6 months (Buss et al., 2008; Chang et al., 2010;
Hamzavi, Baumgartner, Pok, Franz, & Gstoettner, 2003;
Litovsky et al., 2006; Vilimaa, Méittd, Lopponen, & Sorri,
2002).

The present study showed that both SSQ and SHQ
scores were consistent with word recognition and local-
ization performances. We compared both SSQ and SHQ
(overall and speech and localization factor scores) with word
recognition and localization scores of the same patients
from preimplantation to 24 months postimplantation, and
they showed high correlations (p < .05). Thus, we con-
clude that both questionnaires document changes in spatial
hearing abilities and speech perception in spatially separate
noise and localization.

Of the 19 subjects, one subject’s questionnaire results
were not consistent with objective results. Her SHQ and

SSQ scores were high, and her CNC scores were very low
before and after implantation. This might indicate that the
patient believed it was easier to communicate in real-life
quiet situations than those we predicted by traditional labo-
ratory measures. One possible explanation for this is that
people speak slowly or repeat items when they talk to listeners
with hearing impairment, which helps listeners understand
and respond. It is also likely that the context of the com-
munication situation facilitates speech understanding. Ques-
tionnaires have been developed for this purpose to more
specifically report the situations faced by listeners with hear-
ing impairment. Thus, questionnaire results may not be
consistent with laboratory tests. There are large individual
differences in the performances. To better characterize the
degree of handicap and to assess spatial hearing, it is im-
portant to combine the subjective and objective results.

Correlations of SSQ and SHQ

The SHQ and SSQ were designed to assess subjects’
spatial hearing abilities. Compared to the SSQ, which in-
cludes a subscale on spatial hearing as well as general ques-
tions about hearing ability, the SHQ focuses specifically on
spatial hearing ability. The SHQ also assesses subjective
hearing ability using stimuli with different frequency con-
tent (e.g., male voices vs. children’s voices). The questions
on the SSQ have more detail. The SHQ has fewer questions
and requires less time to administer. Despite the differences,
the present study shows a high degree of correlation be-
tween SHQ and SSQ overall scores and speech factor scores
as well as localization factor scores.
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