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Objectives: Subjective questionnaires are informative in understanding
the difficulties faced by patients with hearing loss. Our intent was to
establish and validate a new questionnaire that encompasses situations
emphasizing binaural hearing. The Spatial Hearing Questionnaire is a
self-report assessment tool with eight subscales representing ques-
tions; pertaining to the perception of male, female, and children’s
voices; music in quiet; source localization; understanding speech in
quiet; and understanding speech in noise.

Design: The Spatial Hearing Questionnaire, composed of 24 items, is
scored from 0 to 100. It was administered to 142 subjects using one or
two cochlear implants. Speech perception and localization abilities were
measured, and the Speech, Spatial, and Other Qualities questionnaire
was completed to evaluate validity of the questionnaire. Psychometric
tests were performed to test the reliability and factor structure of the
Spatial Hearing Questionnaire.

Results: Results showed high internal consistency reliability (Cron-
bach’s � � 0.98) and good construct validity (correlations between the
Spatial Hearing Questionnaire and other test measures, including the
Speech, Spatial, and Other Qualities, were significant). A preliminary
factor analysis revealed scores loaded on three factors, representing the
following conditions: localization, speech in noise and music in quiet,
and speech in quiet, explaining 64.9, 13.0, and 5.3% of the variance,
respectively. Most of the questionnaire items (12/24) loaded onto the
first factor that represents the subscale related to source localization.
Mean scores on the Spatial Hearing Questionnaire were higher for
subjects with bilateral cochlear implants than for subjects with a
unilateral cochlear implant, consistent with other research and support-
ing construct validity.

Conclusions: The Spatial Hearing Questionnaire is a reliable and valid
questionnaire that can be completed independently by most patients in
about 10 minutes. It is likely to be a valuable tool for clinicians and
researchers to measure spatial hearing abilities.

(Ear & Hearing 2009;30;466–474)

INTRODUCTION

Hearing-care professionals are continually striving to min-
imize communication difficulties experienced by their patients
with hearing impairment. Hearing-aid devices such as hearing
aids and cochlear implants are available for this purpose and
have improved dramatically over the years to help patients with
hearing loss communicate effectively and remain active in their
communities. Along with efforts to improve hearing devices,
efforts to better characterize the degree of handicap and
disability that results from hearing impairment have been made
over the years (MacKeith & Coles 1971; Colburn et al. 1987;
Zurek 1993; Peissig & Kollmeier 1997; Vershuur et al. 2005;
Tyler et al. 2006a,b). Questionnaires have been developed for
this purpose to report more specifically the situations faced by
listeners with hearing impairment (Ventry & Weinstein 1982;
Walden et al. 1984; Gatehouse 1999; Cox & Alexander 1995,
1999, 2001; Noble 1998, 2006). Despite multiple question-

naires examining patient satisfaction, hearing-aid benefit, and
many other aspects of hearing loss, there are a limited number
of questionnaires that encompass the realm of situations that
rely on binaural hearing abilities or the ability to use hearing
from two ears. Spatial hearing is characterized by hearing in
the sound field (but not necessary with two ears). Binaural
hearing is hearing that involves both ears and is typically
thought to enhance our abilities of sound localization, speech
understanding in noise with the target and the noise from
different locations, and the impression that sound is three-
dimensional.

Noble et al. (1995) developed a questionnaire addressing
disability and handicap associated with impaired localization and
other binaural hearing abilities. The 38-item questionnaire was
divided into three sections: section I, localization disability;
section II, localization handicap; and section III, speech hearing
disability. The questionnaire was administered to 10 subjects with
normal hearing and 104 subjects with unilateral or bilateral
hearing aids, and responses were scored on a four-point scale
(“almost always,” “often,” “sometimes,” and “almost never”).
Results showed that (1) the subjects with hearing loss had
significantly more difficulty localizing sound than listeners with
normal hearing; (2) handicapping effects reported by the subjects
with hearing impairment, although minimal, were related to
experiences of confusion of sounds in busy places, subsequent
loss of concentration, and a desire to escape these challenging
situations; and (3) subjects with hearing loss reported significantly
poorer speech understanding, especially in group conversations
and competing noise contexts. The authors also found that
self-reported localization ability was significantly correlated with
speech hearing abilities.

Psychometric evaluation for the localization disabilities and
handicaps questionnaire (Noble et al. 1995) was conducted by
Ruscetta et al. (2005). In this study, sections I (localization
disability) and II (localization handicap) of the questionnaire
were administered to a cohort of 20 subjects with normal
hearing, 20 with profound hearing loss in one ear, and 10 with
bilateral hearing loss of varying degrees. The authors noted that
construct validity of the questionnaire was established because
significant differences were found between the subjects with
normal hearing and the subjects with hearing impairment for
sections I and II of the questionnaire. Internal consistency
reliability was assessed, and a strong interrelationship was
found between the items for sections I and II. Previously
reported results by Flamme (2001) agreed well with those
reported in this study by Ruscetta et al. for section I of the
questionnaire. Finally, subjects completed the questionnaire a
second time, 3 weeks after the first administration, and test-
retest reliability was highly significant.

Based on the work of Noble et al., the Speech, Spatial, and
Qualities of Hearing Scale (SSQ) (Gatehouse & Noble 2004;
Noble & Gatehouse 2004, 2006) was developed to study
further the relationship of disability and handicap to hearing
experience across a wide variety of listening domains. The
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SSQ contains 49 questions and was designed and validated
based on a clinician-patient interview. The clinician rates each
response on a scale from 0 to 10. The SSQ is composed of three
subscales: (1) speech hearing, which consists of competing
sounds, the visibility of other talkers, and the number of people
involved in a conversation; (2) spatial hearing or directional
and distance judgments; and (3) other qualities such as segre-
gation of sounds, recognition, clarity/naturalness, and listening
effort.

One hundred and fifty-three subjects using hearing aids
were evaluated with the SSQ (Gatehouse & Noble 2004; Noble
& Gatehouse 2004), and although no factor analysis was done,
the authors demonstrated that all 49 SSQ items were positively
intercorrelated. In addition, they showed that the three sub-
scales represent distinct domains of hearing ability and that
patients with asymmetrical hearing loss performed signifi-
cantly worse than patients with symmetrical hearing loss in
many situations, especially on the spatial hearing subscale.
Finally, Noble and Gatehouse (2006) investigated the effects of
bilateral versus unilateral hearing aid use as measured with the
SSQ. They divided subjects into three groups: 144 were
unaided, 118 were fit with one hearing aid, and 42 were fit with
two hearing aids (aids were used for at least 6 months during
their study). Results showed that subjects using one hearing aid
reported more benefit over unaided subjects in several
domains, including directional hearing, hearing speech in
more demanding contexts (i.e., divided or rapidly switching
attention), clarity and naturalness of speech, and segregation
of sounds. Benefit with two hearing aids exceeded benefit
with one hearing aid when subjects were asked to rate their
(1) ability to hear speech in more demanding contexts, (2)
ability to judge distance and movement direction of sound,
and (3) overall listening effort. The authors concluded that
binaural hearing aids “offer advantage in demanding and
dynamic contexts,” arguing that this has implications for
improving the social competency and emotional well-being
for an individual.

Here, we describe the development of the Spatial Hearing
Questionnaire. We began this process in the late 1990s before
we were aware that the SSQ was also under development. Our
intent was to create a questionnaire that was particularly
sensitive to spatial hearing abilities. Additionally, we expected
that our questionnaire would differentiate patient performance
among bilateral and unilateral cochlear implant and hearing aid
users, particularly in situations where spatial hearing was
emphasized. Support for this hypothesis comes from Noble and
Gatehouse (2006), where bilateral hearing aid users reported
advantages over unilateral hearing aid users in more demand-
ing and dynamic listening situations, and from the literature
surrounding bilateral cochlear implantation, where the advan-
tages of two cochlear implants are well documented, specifi-
cally providing better speech understanding in noise and ability
to localize sound over one cochlear implant (Van Hoesel &
Tyler 2003; Laszig et al. 2004; Nopp et al. 2004; Verschuur et
al. 2005; Litovsky et al. 2006; Tyler et al. 2002, 2007). The
purpose of the present study is to describe the sensitivity and
psychometric property of the Spatial Hearing Questionnaire,
show its validity and reliability, and perform a preliminary
analysis of its factor structure.

MATERIALS AND METHODS

The Spatial Hearing Questionnaire consists of 24 questions
(see Appendix). Patients score each question independently on
a scale from 0 to 100, where 0 indicates that the situation is
very difficult and 100 indicates that the situation is very easy.
We designed the questionnaire to represent eight different
characteristics that are likely to be important in binaural
hearing:

1. Male voices (items 1, 5, 9, 13, and 17)
2. Female voices (items 2, 6, 10, 14, and 18)
3. Children’s voices (items 3, 7, 11, 15, and 19)
4. Music (items 4, 8, 12, 16, and 20)
5. Source localization (items 13 to 24)
6. Understanding speech in quiet (items 1 to 4)
7. Understanding speech in noise with target and noise

sources from the front (items 5 to 8)
8. Understanding speech in noise with spatially separate

target and noise sources (items 9 to 12)

A total score is also obtained by combining scores from all 24
questions.

Subjects
All subjects were participants of the Iowa Adult Cochlear

Implant Program from approximately 2001 to 2007. A total of
142 subjects, 77 women and 65 men, participated in this study.
There were 42 subjects with bilateral implants (6 were sequen-
tially implanted and 36 were simultaneously implanted) and
100 subjects with unilateral cochlear implants. None of the
subjects with a unilateral cochlear implant used a hearing aid
postoperatively. A diverse number of implant types were
included in this study, as seen in Table 1.

We began routinely administering the Spatial Hearing
Questionnaire in 2001 to our subjects with cochlear implants.
However, because of clinic time constraints and dropouts, not
all subjects received the questionnaire. Subjects with 12
months or more of cochlear implant experience were included
in this analysis.

Test Measures
We compared subject’s scores on the Spatial Hearing

Questionnaire with various speech perception measures on as
many of the 142 subjects as was possible. If tests were
collected at multiple sessions, only the most recent, closely
matched data point to the collection of the Spatial Hearing
Questionnaire was selected. In an attempt to document differ-
ences in the number of subjects across test measures, n is
reported individually for each test below.

The following tests were used:

1. The Consonant-Nucleus-Consonant (CNC) monosyllabic
word test was presented in quiet in the sound field at 70 dB
SPL(C) (Tillman & Carhart 1966). Using recorded materi-
als, two lists of 50 CNC words were presented, and lists
were randomized across subjects. This test was scored by
percent correct words repeated by the subject, ranging from
0 (poor) to 100 (excellent). A total of 124 of 142 subjects
were tested with CNC words (89 had a unilateral cochlear
implant and 35 had bilateral cochlear implants).

2. The Hearing in Noise test (HINT) was presented in quiet at
70 dB SPL(C) in the sound field using recorded materials
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(Nilsson et al. 1994). Although the HINT sentence was
originally developed to be presented with background
noise, this test has been implemented in the clinical and
research protocols of cochlear implant centers to assess
sentence recognition abilities in quiet (Firszt et al. 2004;
Gifford et al. 2008). Four lists of 10 sentences each were
presented, and lists were randomized across subjects. The
HINT sentences were scored by percent correct and range
from 0 (poor) to 100 (excellent). HINT sentences were
collected with 121 subjects (95 had a unilateral cochlear
implant and 26 had bilateral cochlear implants).

3. An adaptive spondee word test presented in background
noise was used to evaluate speech recognition abilities in
noise. This test was adapted from Hawley et al. (1999) and
is referred to as the Recognition of Multiple Jammers (see
Tyler et al. 2006b for more details). This test used an
eight-loudspeaker array spanning 108° in front of the
subject. An adaptive spondee word was presented from one
of two loudspeakers (placed either �8° from 0°
azimuth) in front of the subject. The spondee words
were spoken by a female talker, and the talker was the
same voice in each trial. Simultaneously, two jammers
were presented to each side of the listener, located at
either �54 and �38° azimuth or at �54 and �38°
azimuth. The two jammers presented on each side of
the listener consisted of both a male talker and a
female talker in each trial. The actual talkers varied
from trial to trial. In this test, the listener’s task was to
report the target spondee word. At the conclusion of
the test, the signal to noise ratio at which the subject could
correctly identify 50% of the target words was determined.
The better the signal to noise ratio (i.e., more negative), the
better the subject was able to separate the target word from
the jammers. Forty-eight subjects were tested on the Rec-
ognition of Multiple Jammer test (28 had a unilateral
cochlear implant and 20 had bilateral cochlear implants).

4. A localization test, referred to as Everyday Sounds Local-
ization, was administered to assess subjects’ ability to

localize sound. Stimuli consisted of 16 everyday sounds
(i.e., glass breaking, a knock at the door, child laughing)
and eight loudspeakers, each spaced 15.5° apart, forming an
108° arc in front of the subject, were used to present the
sounds (see Dunn et al. 2005 for a more detailed description
of this test). The 16 everyday sound stimuli were each
presented at 70 dB(C) six times randomly from one of the
eight speakers. Subjects were asked to identify the speaker
number from which the sound originated. A low score on
this test (i.e., RMS error of 10 to 20°) would represent good
localization abilities. Chance performance is approximately
40° RMS error. Sixty-three of the total 142 subjects were
tested using the everyday sounds localization test (29 had a
unilateral cochlear implant and 34 had bilateral cochlear
implants).

5. The SSQ was administered to a total of 139 subjects (99
unilateral cochlear implant users and 40 bilateral cochlear
implant users) (Gatehouse & Noble 2004). Subjects com-
pleted all items from the three subscales of the SSQ, and
ratings for each item varied on a scale from 0 (less able) to
10 (more able). Responses were averaged across the sub-
scales to give an average SSQ score. In addition, responses
to the second subscale of the SSQ were examined sepa-
rately to investigate how this subscale related to the Spatial
Hearing Questionnaire. This subscale was intended to
reflect binaural hearing abilities.

As a supplementary evaluation of the Spatial Hearing Ques-
tionnaire, we examined the results of 26 subjects before and
after receiving their cochlear implant(s). Of the 26 subjects
who were evaluated with the Spatial Hearing Questionnaire
preoperatively, 17 used bilateral hearing aids, 5 used a hearing
aid in one ear, and 4 were unaided. Thirteen of the 26 subjects
were implanted with a unilateral cochlear implant, and 13 were
implanted with bilateral cochlear implants. After 12 months of
cochlear implant use, the Spatial Hearing Questionnaire was
readministered to all 26 subjects. The mean sentence recogni-
tion score for the 26 subjects before implantation was 17.2%

TABLE 1. Implant type for all subjects (n � 142)

Implant type
Unilateral cochlear implant
subjects (No. with device)

Bilateral cochlear implant subjects

Simultaneous
(No. with device)

Sequential

Implant type (No. with device)

Clarion HiFocus CII 10 9 Ineraid/Clarion HiFocus CII 1
Clarion HiRes 90K with Helix 3 1 Ineraid/Nucleus CI24M 1
Clarion HiFocus 1.2 8 1 Ineraid/Clarion HiRes 90K 1
Clarion HiFocus II 1 Clarion Standard 1.0/Clarion

HiRes 90K
2

Clarion Radial Bipolar/Standard 1.0 12 Nucleus CI24R/Nucleus
CI24M

1

Clarion HiRes 90K 8 8
Nucleus CI24R 17 4
Nucleus CI24M 18 9
Nucleus CI22 11
Nucleus CI 24RE(CA) 6 3
Nucleus CI 24R(CA) 5 1
Ineraid 1

Total n � 100 n � 36 n � 6

The implant type for unilateral implant subjects is presented in the second column. Columns 3, 4, and 5 summarize the type of devices used by bilateral cochlear implant subjects. Bilateral
simultaneously implanted subjects are included in column 3. Data for sequentially implanted subjects are listed in the rightmost portion of the table, in columns 4 and 5.
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(SE � 3.9, SD � 18.6), and the mean score after implantation
was 89.6% (SE � 2.3, SD � 11.0).

RESULTS

Subjects’ ages ranged from 18 to 89 years with the average age
at 54.2 (SE � 1.8, SD � 15.8) years for female subjects and 55.8
(SE � 1.9, SD � 15.4) years for male subjects (see Fig. 1). A
Pearson correlation coefficient was calculated to compare the age
of the subjects with their Spatial Hearing Questionnaire scores. A
nonsignificant correlation of �0.30 emerged among these vari-
ables. The mean Spatial Hearing Questionnaire score was 60.0
(SE � 2.3, SD � 20.3) for women and 48.6 (SE � 2.7, SD �
21.8) for men. This difference was also not statistically significant
[t (140) � 3.23, p � 0.05]. Because there was no influence of age
or gender in the data, all data were pooled together to complete the
final analyses.

Factor Analysis
Factor analysis is often used in questionnaire development to

determine the existence of relationships among items in a ques-
tionnaire and any clustering effects among them. The general
principle of factor analysis is that the items should load on certain
underlying factors that are highly correlated with the items. The
amount of variance accounted for by each factor is determined in
factor analysis, with the first factor accounting for the highest
possible variance (and therefore producing the best relationship
among the items) and the remaining factors representing the
maximum amount of variance not accounted for by the first factor.
The extracted factors have an assigned eigenvalue (or the amount
of variance in the items accounted for by each component), and
factors with eigenvalues greater than 1.0 are often retained (Kaiser
1960). Various methods of factor rotation exist, including Vari-
max rotation (spreads the variation more evenly across the
factors), oblique rotation (produces correlated factors), and or-
thogonal rotation (produces uncorrelated factors). In addition, the
proportion of common variance in an item, called the communal-
ity, is estimated by factor analysis. High communality values
(� 0.50) are desired and indicate that the items are highly
influenced by the factors (Flamme 2001).

To determine whether factor analysis should be used to
interpret data from the Spatial Hearing Questionnaire, the
Kaiser-Meyer-Olkin (SPSS, v. 15.0) measure of statistic ade-
quacy was first completed. This test indicates the proportion of
variance in the variables that might be caused by underlying
factors. A ratio close to 1 indicates that factor analysis would
be an appropriate test, and a ratio close to 0 indicates that
another form of analysis should be performed. The ratio for the
Spatial Hearing Questionnaire was 0.88. The subjects-to-
variables ratio is also an important indicator for the utility of
factor analysis. For this study, the subject-to-variables ratio
was 6:1 (142 subjects/24 items � 5.9). Previous research has
recommended a ratio of at least 5:1 to use factor analysis
(Osborne & Costello 2004). Based on a high Kaiser-Meyer-
Olkin ratio and a reasonable subjects-to-variables ratio, factor
analysis was used to analyze the data.

The factor structure of the Spatial Hearing Questionnaire
was analyzed using the extraction method of principal compo-
nent analysis (SPSS, v. 15.0). Table 2 lists the communality, or
shared features, of each variable. Communality values ranged
from 0.55 to 0.91. Three eigenvalues greater than 1 emerged
from the 24 items. The eigenvalue, percent of variance, and
cumulative percent of variance for the three factors are dis-
played in Table 3. The first factor explained 64.9% of the total
variance (eigenvalue � 15.6); the second factor explained
13.0% of the total variance (eigenvalue � 3.1); and the third
factor explained 5.3% of the total variance (eigenvalue � 1.3).

To interpret the data more easily, factor loadings were rotated
using Varimax rotation with Kaiser normalization (this manipu-
lation spreads the variation more evenly over the 3 components).
Table 4 shows the rotated component matrix for the three
components.
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Fig. 1. Age distribution for female and male subjects.

TABLE 2. Communality values for each item from the question-
naire (n � 142)

Item Communality

1 0.75
2 0.83
3 0.70
4 0.55
5 0.87
6 0.87
7 0.86
8 0.82
9 0.86

10 0.80
11 0.81
12 0.83
13 0.91
14 0.91
15 0.89
16 0.87
17 0.91
18 0.91
19 0.90
20 0.86
21 0.80
22 0.89
23 0.76
24 0.83
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Analyzing the three separate factors, 12 items loaded on
factor 1, 9 items loaded on factor 2, and 2 items loaded on
factor 3. Further examination revealed that items from factor 1
(13 through 24) related to the source localization subscale. For
factor 2, the items (4 through 12) related to understanding in
noise with target and noise sources from the front, understand-
ing in noise with spatially separate target and noise sources,
and music listening in quiet subscales. Factor 3 included two
items (1 and 2) that related to the subscales of understanding a
man’s voice and a woman’s voice in quiet. One item, question
3, loaded equally on factors 2 and 3. Item 3 relates to
understanding a child’s voice in quiet. Because it loaded
equally between factors 2 and 3, it was determined that the
most logical placement for this item would be in factor 3,
because factor 3 pertains to similar situations of understanding
speech in quiet already represented by items 1 and 2. Overall,
the results from factor analysis show that items concerning
sound localization represent the majority of the questionnaire items that load on factor 1. More difficult speech understanding

in noise and music listening situations are taken into account in
factor 2, and easier listening situations in quiet are represented
in factor 3.

Reliability
Reliability of the Spatial Hearing Questionnaire was assessed

by performing Cronbach’s � and the item-total correlation coef-
ficients. A Cronbach’s � of 0.98 was calculated for all 24 items.
This high � indicates that there is good internal consistency
reliability for the questionnaire. Cronbach’s � was also computed
for the three individual factors that emerged from factor analysis.
For factor 1, � � 0.98; for factor 2, � � 0.97; and for factor 3,
� � 0.76, indicating good reliability for each of the three factors.
Item-total correlations are given in Table 5. Item-total correlations
ranged from 0.41 to 0.88, indicating that each of the 24 individual
items correlated moderately well with the Spatial Hearing Ques-
tionnaire total score.

Construct Validity
Table 6 displays mean scores for unilateral and bilateral

cochlear implant users for the Spatial Hearing Questionnaire,
including the total, factor, and subscale scores and mean scores
for the six test measures. Independent sample t-tests were
performed for each measure to determine significant differ-
ences between the two groups. Scores on the Spatial Hearing
Questionnaire were significantly better for bilateral cochlear
implant users compared with unilateral cochlear implant users
for the total score and factor 1 score. Factor 2 yielded no
significant difference between unilateral and bilateral cochlear
implant users. Factor 3 also yielded no significant difference
between the two groups; however, it is important to note that

TABLE 3. Eigenvalues, percentage of variance, and cumulative
percentage of variance represented by the three factors
(n � 142)

Factor Eigenvalue % of variance
Cumulative %

of variance

1 15.6 64.9 64.9
2 3.1 13.0 77.9
3 1.3 5.3 83.2

TABLE 4. Rotated component matrix for the three factors

Item

Factor

1 2 3

13 0.91 0.24 0.16
14 0.91 0.23 0.18
15 0.86 0.32 0.21
16 0.87 0.32 0.15
17 0.90 0.29 0.08
18 0.89 0.31 0.13
19 0.85 0.40 0.12
20 0.87 0.32 0.02
21 0.85 0.29 0.05
22 0.90 0.29 0.08
23 0.76 0.40 0.13
24 0.82 0.36 0.13

4 0.27 0.67 0.16
5 0.37 0.79 0.34
6 0.36 0.79 0.35
7 0.45 0.78 0.24
8 0.32 0.84 0.02
9 0.31 0.83 0.27

10 0.27 0.82 0.26
11 0.38 0.80 0.19
12 0.29 0.86 0.03

1 0.12 0.21 0.83
2 0.05 0.30 0.86
3 0.27 0.56 0.55

Variables are grouped according to the factors (in bold) and are listed numerically by item
number (n � 142).

TABLE 5. Item-total correlation coefficients for each item on
the Spatial Hearing Questionnaire (n � 142)

Item Item-total correlation

1 0.41
2 0.42
3 0.66
4 0.67
5 0.85
6 0.84
7 0.85
8 0.77
9 0.82

10 0.75
11 0.81
12 0.76
13 0.83
14 0.83
15 0.86
16 0.85
17 0.84
18 0.85
19 0.88
20 0.83
21 0.79
22 0.82
23 0.83
24 0.84
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this factor resulted in the highest score of the three factors
for unilateral and bilateral cochlear implant users.

Scores on the individual subscales were also calculated and
are shown in Table 6. Scores were significantly different (p �
0.05) between unilateral and bilateral cochlear implant users
for all subscales except understanding in noise with noise and
target sources from the front and understanding in noise with
spatially separate target and noise sources subscales. Addition-
ally, subscale scores were highest for the understanding in
quiet subscale and lowest for the source localization subscale
for both unilateral and bilateral implant users.

For the six speech perception test measures, statistically
significant results were found (p � 0.05) with bilateral co-

chlear implant users revealing better performance than unilat-
eral cochlear implant users for the CNC monosyllabic word
test, recognition of multiple jammers, everyday sounds local-
ization, the SSQ total, and the SSQ subscale 2. Results from the
HINT sentence test in quiet revealed no significant difference
between unilateral and bilateral cochlear implant users.

Pearson correlation coefficients were computed to compare
results for the six test measures with the Spatial Hearing
Questionnaire (including total and factors 1, 2, and 3). The
results for all subjects are listed in Table 7. For CNC words in
quiet, HINT sentences in quiet, and the SSQ, the correlation
with the Spatial Hearing Questionnaire was expected to be in a
positive direction because a higher score is better for these

TABLE 6. Mean scores and t-test results for the Spatial Hearing Questionnaire total score, the factor scores, the 8 subscales, and the
6 test measures

Test measures

Unilateral CI Bilateral CI

T df pMean (SE, SD) n Mean (SE, SD) n

Total 51.3 (2.1, 21.3) 100 62.7 (3.2, 20.5) 42 �3.0 80 0.00*
Factor 1 38.6 (2.7, 26.5) 100 56.3 (4.1, 26.3) 42 �3.6 140 0.00*
Factor 2 53.7 (2.6, 26.0) 100 61.3 (3.4, 22.1) 42 �1.6 140 0.11
Factor 3 83.0 (1.5, 14.9) 100 87.6 (2.0, 12.7) 42 �1.7 140 0.09
Male 58.8 (2.0, 19.8) 100 68.2 (3.2, 20.5) 42 �2.6 140 0.01*
Female 58.2 (2.1, 20.7) 100 68.6 (2.8, 18.4) 42 �2.8 140 0.01*
Child 48.2 (2.4, 23.5) 100 58.8 (3.5, 23.0) 42 �2.5 140 0.02†
Music 44.5 (2.6, 25.7) 100 57.2 (3.8, 24.7) 42 �2.7 140 0.01*
Quiet 78.0 (1.7, 16.9) 100 84.1 (2.2, 14.3) 42 �2.1 140 0.04†
Source localization 38.6 (2.7, 26.5) 100 56.3 (4.1, 26.3) 42 �3.6 140 0.00*
Understanding in noise–front 52.3 (2.7, 26.7) 100 60.4 (3.5, 22.4) 42 �1.7 140 0.09
Understanding in noise–spatially 53.2 (2.7, 26.6) 100 58.9 (3.5, 22.8) 42 �1.2 140 0.22
CNC (%) 50.0 (2.6, 24.3) 89 65.0 (3.8, 22.8) 35 3.2 123 0.00*
HINT in quiet (%) 79.4 (2.7, 26.5) 95 89.3 (3.3, 16.7) 26 1.8 119 0.07
Multiple jammer (S/N in dB) 0.69 (0.9, 4.6) 28 �2.8 (1.0, 4.4) 20 �2.6 46 0.01*
Localization (RMS degrees error) 44.6 (1.1, 6.1) 29 19.5 (1.8, 10.5) 34 �11.3 61 0.00*
SSQ
Total 4.9 (0.2, 1.9) 99 5.9 (0.3, 1.8) 40 2.9 137 0.00*
Subscale 2 4.1 (0.2, 2.1) 99 5.7 (0.3, 2.1) 40 4.0 137 0.00*

CI indicates cochlear implant. The n for each group is listed in the column to the right next to the mean scores.
* p � 0.01.
† p � 0.05.

TABLE 7. Pearson correlation coefficients among scores on the Spatial Hearing Questionnaire and the six test measures

CNC words
in quiet HINT in quiet

Recognition of
Multiple Jammers Localization

SSQ

Total
Spatial Hearing

subscale

Total 0.30** 0.16 �0.24 �0.23 0.79** 0.75**
n � 125 n � 121 n � 48 n � 63 n � 139 n � 139
p � 0.001 p � 0.074 p � 0.107 p � 0.069 p < 0.001 p � 0.001

Factor 1 (directionality) 0.24** 0.19* �0.11 �0.34** 0.78** 0.84**
n � 124 n � 121 n � 48 n � 63 n � 139 n � 139
p � 0.006 p � 0.035 p � 0.462 p � 0.006 p � 0.001 p < 0.001

Factor 2 (speech in noise,
music)

0.29** 0.17 �0.29* �0.01 0.70** 0.56**
n � 125 n � 121 n � 48 n � 63 n � 139 n � 139
p � 0.001 p � 0.056 p � 0.047 p � 0.919 p � 0.001 p � 0.001

Factor 3 (speech in quiet) 0.32** 0.21* �0.39** �0.042 0.60** 0.46**
n � 125 n � 121 n � 48 n � 63 n � 139 n � 139
p < 0.001 p � 0.022 p � 0.007 p � 0.741 p � 0.001 p � 0.001

Bolded regions highlight the portion of the Spatial Hearing Questionnaire (total vs. one of the three factors) that best matches the test measure.
* p � .05.
** p � .01.
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tests. In comparison, for the recognition of multiple jammers
and localization in quiet tests, the correlation with the Spatial
Hearing Questionnaire was expected to be negative, because a
lower score is better for the former two tests.

Table 7 also lists the number of subjects per condition and
the probability that the correlation deviates from the null
hypothesis. Bolded regions of the table highlight the portion of
the Spatial Hearing Questionnaire (total or factor) that best
match the speech perception, localization, or SSQ test measure.
For CNC word recognition in quiet, the correlations were
significant when comparing CNC results with the Spatial
Hearing Questionnaire total score and factors 1, 2, and 3.
Comparing the HINT results with the Spatial Hearing Ques-
tionnaire, only the correlations between factors 1 and 3 were
significant. For recognition of multiple jammers, the correla-
tions with factors 2 and 3 were significant. For localization, the
correlation with factor 1 was significant. Comparing the SSQ
with the Spatial Hearing Questionnaire, the observed Pearson
correlation coefficients were significant for the total and all
factor scores. Finally, comparing the spatial hearing subscale
from the SSQ with the Spatial Hearing Questionnaire, corre-
lations were significant for the total and all factor scores.

Figure 2 shows the scores on the Spatial Hearing Question-
naire before and after cochlear implantation. The average Spatial
Hearing Questionnaire pre- and postimplant scores (SE and SD in
parentheses) for subjects with one cochlear implant (N � 13) were
33.0% (3.5, 12.7) and 52.5% (6.3, 22.6), respectively, which
resulted in a mean improvement of 19.5%. Comparing pre- with
postimplant scores for unilateral cochlear implant users yielded a
significant difference (p � 0.01, paired two-tailed t-test). For
patients with bilateral implants (N � 13), the mean pre- and
postimplant scores were 31.7% (5.4, 19.5) and 65.4.5% (4.6,
16.6), with a mean improvement of 33.8%. This also yielded a
significant difference (p � 0.000, paired two-tailed t-test) when
comparing pre- with postimplant scores for bilateral cochlear
implant users. When unilateral and bilateral cochlear implant users
were compared with one another, there was no significant differ-
ence on preimplant scores (p � 0.83), postimplant scores (p �
0.11), and overall improvement in scores (p � 0.12) from the

preimplant to postimplant condition using two-tailed independent
t-tests. The nonsignificant results obtained for mean improvement
in scores, as well as pre- and postimplant scores, for the unilateral
and bilateral cochlear implant users are likely attributed to the
small number of subjects and large SD within each group.

DISCUSSION

The results of this study indicate that the Spatial Hearing
Questionnaire is a reliable and valid questionnaire. Internal
consistency reliability (Cronbach’s � � 0.98) is high. Addi-
tionally, correlations between the Spatial Hearing Question-
naire and other test measures were significant, and expected
differences between unilateral and bilateral cochlear implants
were evident, indicating that construct validity was adequate. A
preliminary factor analysis revealed that three general factors
underlie patient responses. Factor 1 related to the source
localization subscale. Factor 2 related to subscales focused on
speech understanding in noise with coincident target and noise
sources, speech understanding in noise with spatially separate
target and noise sources, and music listening in quiet. Factor 3
related to understanding speech in quiet subscales, including
the subscales for male, female, and children’s voices. We
suggest that a further factor analysis is warranted and should
include more subjects and subjects with unilateral and bilateral
hearing aids and cochlear implants and combinations thereof.

The questionnaire was designed so that subscales can be
compared with one another to assess different aspects of spatial
hearing. For example, one could compare understanding
speech in quiet from the front (subscale 6) with understanding
speech in noise from the front (subscale 7), or one could
contrast source localization (subscale 5) to understanding
speech in spatially separate noise (subscale 8).

Significant improvements in Spatial Hearing Questionnaire
scores from pre- to postimplant were noted for both unilateral and
bilateral cochlear implant subject groups. Greater improvement on
the Spatial Hearing Questionnaire was seen for subjects with
bilateral cochlear implants compared with subjects with a unilat-
eral cochlear implant. Additionally, scores on the Spatial Hearing
Questionnaire, including the total score, factor 1, and six of the
eight subscales, were significantly higher for bilateral cochlear
implant users compared with subjects with a unilateral cochlear
implant. Mean scores for all test measures (i.e., CNC word
recognition in quiet, recognition of multiple jammers, everyday
sounds localization, and the SSQ) except the HINT in quiet were
significantly higher for subjects with bilateral cochlear implants
compared with subjects with a unilateral cochlear implant. It
should be noted that the unilateral and bilateral cochlear implant
users were not matched for specific characteristics such as degree
of deafness and age at implantation. Therefore, comparisons of
speech recognition performance cannot be assumed to be solely
the result of one versus two implants. Despite this difference,
results from the present study reveal that the Spatial Hearing
Questionnaire is a sensitive test in that it was able to detect a
difference between unilateral and bilateral cochlear implant users
in their subjective spatial hearing abilities.

In this study, evaluation of the Spatial Hearing Questionnaire
was limited to cochlear implant users. Future studies should
investigate the utility of this questionnaire in other patient popu-
lations such as unilateral and bilateral hearing aid users and users
of a cochlear implant and hearing aid in opposite ears.
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Fig. 2. Mean Spatial Hearing Questionnaire scores for unilateral and
bilateral cochlear implant (CI) users measured before and after cochlear
implantation. Significant differences are marked by brackets. **p � 0.01
level.
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Finally, with only 24 items, the Spatial Hearing Question-
naire is relatively quick to administer to patients. The total
Spatial Hearing Questionnaire score gives the clinician an
indication of how the patient perceives his or her spatial
hearing abilities or disabilities, and subscale scores provide
details on how the patient performs in specific situations. The
ease of scoring (100-point scale) and relative brevity of the
Spatial Hearing Questionnaire make it likely to be a valuable,
efficient tool for clinicians and hearing scientists.
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