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Introduction

When evaluating for hearing

deficit in a patient, audiologic tests

can provide sufficient objective

and subjective information such as

type, degree, and configuration of

hearing loss. Perhaps equally

important is determining the

impact of hearing loss on the

 individual's everyday experiences

and it’s psychosocial effects. Self-

reported assessment scales can be

used to measure the degree of

hearing-related handicap experi-

enced by patients. There are several

subjective questionnaires available

to assess hearing handicap in daily

life such as the Speech, Spatial,

and Qualities of hearing Scale

(SSQ),1 Hearing Handicap Inven -

tory (HHI),2 and the Abbreviated

Profile of Hearing Aid Benefit

(APHAB).3 Most of these sub -

jective questionnaires apply to

and focus on communication, as

speech perception is the primary

goal of audiologic rehabilitation.4

However, the auditory system ful-

fills more functions than speech

perception alone. Sound localiza-

tion is another important function

of the auditory system. Decreased

sound localization as a result of

hearing loss are often overlooked

or underestimated by clinicians.

Spatial hearing refers to hearing

within the sound field. The use of

both ears is not essential for spa-

tial hearing, but binaural hearing

is known to have a substantial

positive auditory effect by

improving sound localization and

speech recognition in high noise

environments.4-6

The use of validated question-

naires is important both in clinical

practice and in the research set-

ting.7 The Spatial Hearing Ques -

tionnaire (SHQ), developed by

Tyler et al.,6 is a valid and  reliable

questionnaire to measure spatial

hearing abilities, emphasizing

binaural  hearing. The SHQ has a

high internal consistency relia -

bility (Cronbach’s α = 0.98) and

good construct validity with sig-
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nificant correlations between the

SHQ and other instruments meas-

uring auditory function, including

the SSQ.6 Factor analysis shows

scores loaded on three  separate

factors, representing subsequent

situations: sound localization,

speech perception in noise/ music,

and speech perception in quiet,

accounting for 64.9, 13.0, and

5.3% of variance, respectively.

The purpose of this study is to

validate  the Dutch translation

of the SHQ and to investigate

whether the same psychometric

qualities (reliability and factor

analysis) as the original SHQ can

be obtained. 

Material and methods

The questionnaire

The English SHQ is a self-reported

assessment tool and consists of

24 questions (Table 1). Each item

is scored with a figure on a scale

from 0 (very easy) to 100 (very

difficult). The questionnaire uses

eight different qualities or sub-

scales of possible importance in

binaural hearing, which conse-

quently reflects spatial hearing.

The questionnaire includes items

addressing the recognition and

understanding of male, female,

and children’s voices, perception

of music, source localization, and

speech recognition in quiet and in

loud environments (signal and

noise from the front, and signal

and noise spatially separated). A

total score is calculated as an

 average of all item scores.

The translation process

The SHQ was translated into

Dutch by staff members of the

ENT and Audiology department at

the University Hospital of Antwerp

with item-by-item assessment.

The questionnaire was then back

translated from Dutch to English

by two independent native English

speakers who also have excellent

knowledge of Dutch. The correla-

tion between the original and back

translated version was settled by

item-to-item assessment. Table 2

shows the final Dutch version.

The Subjects

Seventy-one patients with various

types of hearing loss who visited

the ENT department of Antwerp

1. A man talking to you is standing in front of you. It is a very quiet room. How well
can you understand him?

2. A woman talking to you is standing in front of you. It is a very quiet room. How
well can you understand her?

3. A child talking to you is standing in front of you. It is a very quiet room. How
well can you understand the child?

4. You are listening to music that is comfortably loud coming from in front of you.
It is a very quiet room. How easy or difficult is it to hear the music clearly?

5. A man talking to you is standing in front of you. There is a loud fan directly
behind him. How well can you understand him?

6. A woman talking to you is standing in front of you. There is a loud fan directly
behind her. How well can you understand her?

7. A child talking to you is standing in front of you. There is a loud fan directly
behind them. How well can you understand the child?

8. You are listening to comfortably loud music coming from in front of you. There
is also a loud fan in front of you. How easy or difficult is it to hear the music
clearly?

9. A man talking to you is standing in front of you. There is a loud fan off to one
side. How well can you understand him?

10. A woman talking to you is standing in front of you. There is a loud fan off to one
side. How well can you understand her?

11. A child talking to you is standing in front of you. There is a loud fan off to one
side. How well can you understand the child?

12. You are listening to comfortably loud music coming from in front of you. There
is also a loud fan off to one side. How easy or difficult is it to hear the music
clearly?

13. How well are you able to determine the location of a man’s voice when you can-
not see him?

14. How well are you able to determine the location of a woman’s voice when you
cannot see her?

15. How well are you able to determine the location of a child’s voice when you can-
not see the child?

16. How well are you able to determine the location of a music source, say a radio,
when you cannot see it?

17. How well are you able to determine the location of a man’s voice when he is
behind you?

18. How well are you able to determine the location of a woman’s voice when she is
behind you?

19. How well are you able to determine the location of a child’s voice when the child
is behind you?

20. How well are you able to determine the location of a music source, say a radio,
when it is behind you?

21. How well are you able to determine the location of a flying airplane when you
cannot see it?

22. You hear a car off in the distance, but you cannot see it. How accurately can you
tell where it is coming from?

23. If you were to stand beside a road and close your eyes, how well could you tell
what direction a car was going as it passed by?

24. You are in a room in a house and hear a loud sound. How easily can you tell how
far away the sound was?

Table 1

Original (English) SQH
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University Hospital were random-

ly and voluntarily asked to com-

plete the Dutch translation of the

questionnaire. All patients were

capable of completing the ques-

tionnaire independently; no diffi-

culties were mentioned and no

help answering the questions was

offered. Patients using hearing

aids were instructed to respond to

the questionnaire as if they would

not be using their hearing aid.

The patient group consisted of 33

females and 38 males with a mean

age of 57.0 years (standard devia-

tion (SD) 14.5; standard errorSE

1.72; range 19 to 82). The mean

age was 59.4 years (SD 13.8; SE

2.4) for women and 54.9 years

(SD 14.9; SE 2.4) for males.

Reliability as internal consistency

Cronbach’s coefficient alpha (α)

is a measure of the internal consis-

tency reliability of a psychometric

instrument, such as a question-

naire.8 Good internal consistency

reliability is represented by a high

coefficient α score (close to 1).

Scores greater than or equal to

0.80 were defined as good.

Factor analysis

We used the Kaiser-Meyer-Olkin

measure of sampling adequacy (KMO)

to measure the appropriateness

of factor analysis. It gives an indi-

cation of the proportion of vari-

ance in the variables due to under-

lying factors. Regarding the high

KMO score (near 1), principal

factor analysis could be used and

was performed. To spread the fac-

tors more even over the factor

loadings, the factors were subject-

ed to a varimax rotation. 

Construct Validity

Based on pure tone audiometry we

divided the total group of hearing

impaired patients into subgroups

with asymmetrical hearing loss

(34 patients) and with symmetri-

cal hearing loss (37 patients) to

compare and analyze the SHQ

results of these groups. Patients

with an interaural difference

in air conducted hearing level

thresholds  of more than 10 dB

in three consecutive frequencies

were classified in the group with

asymmetrical hearing loss. Inde -

pendent sample t-tests were per-

formed to assess significant differ-

ences between the two groups.

We also examined the relation

between the degree of hearing loss

and its outcome on the SHQ. For

statistical analysis the computer

software SPSS v. 17.0 (SPSS Inc.

Chicago, IL USA) was used.

1. Een man die met u praat staat recht voor u. Het is een erg stille kamer. Hoe goed
kunt u hem verstaan?

2. Een vrouw die met u praat staat recht voor u. Het is een erg stille kamer. Hoe
goed kunt u haar verstaan?

3. Een kind dat met u praat staat recht voor u. Het is een erg stille kamer. Hoe goed
kunt u het kind verstaan?

4. U luistert naar muziek op een comfortabele luidheid. De muziek komt van voor
u Het is een erg stille kamer. Hoe gemakkelijk of moeilijk is het om de muziek
helder te horen.

5. Een man die met u praat staat recht voor u. Er staat een luide ventilator direct
achter hem. Hoe goed kunt u hem verstaan?

6. Een vrouw die met u praat staat recht voor u. Er staat een luide ventilator direct
achter haar. Hoe goed kunt u haar verstaan?

7. Een kind dat met u praat staat recht voor u. Er staat een luide ventilator direct
achter het kind. Hoe goed kunt u het kind verstaan?

8. U luistert naar muziek op een comfortabele luidheid. De muziek komt van voor
u. Er staat ook een luide ventilator recht voor u. Hoe gemakkelijk of moeilijk is
het om de muziek helder te horen?

9. Een man die met u praat staat recht voor u. Er staat een luide ventilator aan één
kant. Hoe goed kunt u hem verstaan? 

10. Een vrouw die met u praat staat recht voor u. Er staat een luide ventilator aan één
kant. Hoe goed kunt u haar verstaan? 

11. Een kind dat met u praat staat recht voor u. Er staat een luide ventilator aan één
kant. Hoe goed kunt u het kind verstaan? 

12. U luistert naar comfortabel luide muziek dat van voor u komt. Er staat ook een
luide ventilator aan één zijde. Hoe gemakkelijk of moeilijk is het om de muziek
helder te horen?

13. Hoe goed kunt u de plaats bepalen van een mannenstem als u hem niet kan zien?
14. Hoe goed kunt u de plaats bepalen van een vrouwenstem als u haar niet kan zien?
15. Hoe goed kunt u de plaats bepalen van een kinderstem als u het kind niet kan

zien?       
16. Hoe goed kunt u de plaats bepalen van een muziekbron, bijvoorbeeld een radio,

als u deze niet kan zien?
17. Hoe goed kunt u de plaats bepalen van een mannenstem als hij achter u staat?
18. Hoe goed kunt u de plaats bepalen van een vrouwenstem als zij achter u staat?
19. Hoe goed kunt u de plaats bepalen van een kinderstem als het kind achter u staat?
20. Hoe goed kunt u de plaats bepalen van een muziekbron, bijvoorbeeld een radio

als deze achter u is?
21. Hoe goed kunt u de plaats bepalen van een overvliegend vliegtuig als u het niet

kunt zien?
22. U hoort een auto in de verte, maar u kunt de auto niet zien. Hoe precies kunt u

zeggen waar de auto vandaan komt?
23. Als u langs een weg zou staan met uw ogen dicht, hoe goed zou u kunnen zeggen

in welke richting een auto gaat terwijl de auto langs rijdt?
24. U bent in een kamer in een huis en hoort een luid geluid. Hoe gemakkelijk kunt

u zeggen hoe ver weg het geluid was?

Table 2

Dutch version of the Spatial Hearing Questionnaire
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Ethical considerations

The study was conducted under the

supervision of the ethical committee

of Antwerp University Hospital.

Results

Pearson correlation

We used the Kolmogorov-Smirnov

test to evaluate normality of distri-

bution. The test distribution was

normal. The mean SHQ score was

56.3 (SD = 23.6; ES = 2.8). Mean

SHQ score was 54.5 (SD = 24.1;

SE = 3.9) for men and 58.3 (SD =

23.3; SE 4.06) for women.

Levene’s Test for Equality of

Variance showed no difference

between the male and female

group. There was no significant

difference between the SHQ score

for men and women (p = 0.5);

thus dividing the group according

to gender was not necessary.

Pearson correlation was used to

compare age with SHQ scores and

no linear correlation was found

between the variables age and

SHQ scores (p = 0.21).

Reliability

Internal validity was assessed

using Cronbach’s coefficient α

and the calculation of item-total

correlation coefficients. Cronbach’s

α was 0.98 for the complete ques-

tionnaire, indicating good internal

consistency reliability for the

translated Dutch questionnaire.

The Cronbach’s α of three sepa-

rate factors 1, 2, and 3, according

to factor analysis by Tyler et al.6

(2009) of the original SHQ, was

0.93, 0.97, and 0.98, respectively.

Each factor analyzed separately

also showed high reliability. For

each item on the Dutch SHQ,

item-total correlation was calcu-

lated with a result ranging from

r = 0.65 to r = 0.90, as shown in

Table 3. All individual items corre-

lated well with the total score.

Factor Analysis

Factor analysis is a method to

detect structure in the relationship

between variables (items) in a

questionnaire and to identify a

smaller group of underlying vari-

ables out of all variables. These

collective underlying variables, on

which the items load, are called

factors. It is important that these

loadings factors explain nearly as

much of the variance as the

observed items. 

Before performing factor analy-

sis the KMO measure of sampling

adequacy was measured to check

for the appropriateness of factor

analysis. KMO score was high

(close to 1) which allowed for the

use of principal component analy-

sis. Varimax rotation was used to

simplify the interpretation of the

data, maximizing the sum of the

variance of the squared loadings.

Table 4 reports the rotated compo-

nent matrix for the four compo-

nents. 

Communality describes the

amount of variance of an item as

predicted by the loading factor

and therefore gives an assessment

of the shared feature in an item.

An item loads well on a factor

when the item has a communality

of more than 0.45. In Table 5, the

communality values are summa-

rized ranging from 0.78 to 0.96.

The number of factors can be

determined based on visual analy-

sis of the scree plot (Figure 1) or

based on certain ‘eigenvalues’ of

the items. This is the amount of

variance in the items accounted

for by each component. In con-

formity with the Kaizer-criterium,

factors with eigenvalue greater

than 1.0 were held back. Factor

analysis of the Dutch SHQ

revealed four factors each

accounting for 67.8%, 10.7%,

6.21%, and 4.57%, respectively.

Table 6 contains the eigenvalue,

percent of variance, and cumula-

tive percent of variance for these

four factors.

Construct Validity (Sample t-tests:

symmetrical vs. asymmetrical)

The original SHQ has solid

 construct validity. Significant

 correlations between the SHQ and

other measures were present.

Independent t tests showed a

Table 3 

Item-total correlation coefficients for
each questionnaire item (n = 71)

Item Item-total correlation

1 0.65

2 0.72

3 0.75

4 0.72

5 0.81

6 0.78

7 0.82

8 0.83

9 0.87

10 0.88

11 0.86

12 0.87

13 0.85

14 0.90

15 0.89

16 0.85

17 0.79

18 0.84

19 0.86

20 0.83

21 0.85

22 0.87

23 0.75

24 0.83
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 significant difference between

unilateral and bilateral cochlear

implant users, which reflects the

difference in spatial hearing in

these two groups. Bilateral

cochlear implantation showed sig-

nificantly better results on the

total and factor 1 score and on the

male, female, child, music, quiet,

and source localization subscales.

Construct validity was tested by

comparing scores of subjects with

symmetrical and asymmetrical

hearing loss. The group with asym-

metric hearing loss was expected

to have worse SHQ scores (total

score, subscale scores, and factor

scores) as this group benefits less

from interaural time and level

 differences involved in spatial

hearing that improve speech

 perception in noise and sound

localization. 

The symmetric hearing impaired

group consist of 37 patients (19

males, 18 females) with a mean

age of 57.6 (SD 14.50; SE 2.38).

The asymmetric hearing-impaired

group included 34 patients (19

males, 15 females) with a mean

age of 56.4 (SD 14.70; SE 2.52).

Kolmogorov Smirnov test showed

a normal distribution of the vari-

ables in both groups. A significant

difference between asymmetric

and symmetric hearing losses was

found for the SHQ total score

(p < 0.05; Table 7). Scores were

significantly lower for the group

with asymmetrical hearing loss for

the subscales of female voice (p =

0.02), children’s voice (p = 0.03),

and understanding in noise with

the signal separated from noise (p

= 0.04). The difference between

groups was the greatest for the

subscale of source localization

(p < 0.01). Paired t tests were per-

formed to compare the Fletcher

Index (FI) of the best and worst

ears of the two groups. No statisti-

Table 4

Loadings for the 4 factors of the Dutch version of the SHQ
in a rotated component matrix

Table 5

Communality values for each
 questionnaire item (n = 71)

Item Communality

1 0.86

2 0.90

3 0.93

4 0.78

5 0.95

6 0.90

7 0.92

8 0.89

9 0.95

10 0.96

11 0.94

12 084

13 0.88

14 0.86

15 0.88

16 0.82

17 0.91

18 084

19 0.87

20 0.93

21 0.89

22 0.95

23 0.90

24 0.92

Item Factor 1 Factor 2 Factor 3 Factor 4

1 0.26 0.28 0.08 0.85

2 0.39 0.12 0.31 0.80

3 0.41 0.22 0.22 0.82

4 0.26 0.46 0.12 0.70

5 0.89 0.18 0.21 0.29

6 0.88 0.17 0.23 0.20

7 0.86 0.25 0.19 0.27

8 0.84 0.30 0.21 0.21

9 0.85 0.31 0.27 0.25

10 0.85 0.31 0.29 0.24

11 0.85 0.31 0.23 0.27

12 0.63 0.56 0.13 0.34

13 0.29 0.82 0.26 0.22

14 0.47 0.57 0.54 0.16

15 0.35 0.74 0.38 0.23

16 0.34 0.71 0.41 0.15

17 0.19 0.90 0.20 0.16

18 0.28 0.79 0.33 0.18

19 0.29 0.76 0.37 0.26

20 0.18 0.87 0.26 0.27

21 0.35 0.49 0.71 0.15

22 0.34 0.41 0.77 0.27

23 0.22 0.34 0.85 0.16

24 0.31 0.41 0.78 0.18
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cal significant difference across

groups was found for the FI of the

best ear with a mean FI of 30.0 dB

HL (SD 17.7; SE 3.0) in the asym-

metrical group and an equivalent

mean FI of 30 dB HL (SD 18.4;

SE 3.0) in the symmetrical group.

The FI of the worst ear was signifi-

cantly lower in the group with

asymmetrical hearing loss (62.2 dB

HL (SD 26.1; SE 4.5) compared to

an FI of 38.0 dB HL (SD 21.1; SE

3.5) in the group with symmetric

impaired hearing. The correlation

factor (R) between scores of both

groups is reported in Table 7 and

is low in all the tested measures.

Low correlations are expected

because patients with symmetric

hearing loss generally have better

spatial hearing abilities than

patients with asymmetric loss.

The low correlations between

symmetric and asymmetric hearing

loss provide further evidence of

high validity, demonstrating the

ability of the questionnaire to

measure spatial hearing abilities. 

Discussion

In the original article by Tyler et

al.6 (2009), factor analysis revealed

a factor structure with three under-

lying loading factors for the 24

items. Factor 1, grouping item 13

through 24, refers to the sound

source localization subscale  (spatial

hearing). Factor 2 (item 4 through

12) accounted for speech recep-

tion in noise (target and noise

from the front and target and noise

sources spatially separated) and

for music listening in quiet. Factor

3, representing items 1 through 3,

related to speech reception in

quiet environments.

When performing factor analysis

on our Dutch SHQ we found that

the items loaded on four factors.

The first loading factor consisted of

8 items (question 5 through 12) and

represented speech understanding

in noise. The second factor, also

with 8 items (question 13 through

20), related to sound localization

with voices and music as sound

source. The third factor (question

21 trough 24) covered the subscale

of spatial hearing in the presence

of other sound sources (car, air-

plane). Factor 2 and 3 could be

considered overlapping as they

both refer to sound localization.

We confirmed that the majority of

the questionnaire items refer to

spatial hearing. The fourth factor

(question 1 through 4) relates to

the subscale of speech understand-

ing in quiet. 

The high communality values

of the items, as estimated by fac-

tor analysis, show that the factors

explain the majority of the vari-

ance within an item. The com -

munality values range from 0.78

to 0.96. In the original study by

Tyler et al. (2009) we find values

ranging  from 0.55 to 0.91.

Internal consistency reliability

of the Dutch version of the SHQ is

good. The Cronbach’s α value is

0.98 which is equal to Cronbach’s

α of the original SHQ by Tyler et

al.6 The good reliability for each

Figure 1
Scree plot for the 24 items of the Dutch version of the Spatial Hearing Questionnaire

Table 6

Eigenvalues, percentage of variance, and cumulative percentage
of variance represented by the four factors (n = 71)

Factor Eigenvalue % of Variance Cumulative % of
variance

1 16.3 67.8 67.8

2 2.6 10.8 78.6

3 1.5 6.2 84.8

4 1.1 4.6 89.4
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of the three factors of the original

SHQ with high Cronbach’s α

value (factor 1, α = 0.98; factor 2,

α = 0.97; factor 3, α = 0.76) is

also present in our study (factor 1,

α = 0.92; factor 2, α = 0.97; factor

3, α = 0.98). The Cronbach’s α for

the four underlying factors

extracted by principal factor

analysis from our data shows, yet

again, a high reliability (factor 1,

α = 0.98; factor 2, α = 0.97; factor

3, α = 0.97; factor 4, α = 0.93).

The 24 items separately have a

positive correlation with the total

score of the SHQ with item-total

correlations ranging from 0.65 to

0.90. This means all individual

items correlate well with the total

SHQ score. 

Conclusion

The SHQ was successfully trans-

lated to Dutch. The psychometric

characters of the Dutch question-

naire are similar to the original

English SHQ. Internal consistency

reliability of the Dutch SHQ is

high. The questionnaire is sensi-

tive enough to address problems

in spatial hearing that result from

hearing loss and more specifically

asymmetric hearing loss. The

Dutch version of the SHQ, Vragen -

lijst voor Ruimtelijk Horen, is a

valid and reliable instrument for

measuring  spatial hearing abilities

in both clinic and research set-

tings.
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Table 7 

Mean scores and t-test results for the Dutch Spatial Hearing Questionnaire of asymmetrical vs. symmetrical hearing loss regarding
the 8 subscales, the total score, and the factor score

*: p < 0.05.

Asymmetrical hearing
loss

Symmetrical hearing
loss

Test measure Mean (SD; SE) n Mean (SD; SE) N T df R p

Male 53.6 (18.8; 3.2) 34 64.0 (25.1; 4.1) 37 -2.0 69 -0.03 0.05

Female 51.8 (21.2; 3.6) 34 65.0 (23.4; 3.8) 37 -2.5 69 -0.07 0.02 *

Child 49.6 (22.6; 3.9) 34 62.6 (25.6; 4.2) 37 -2.3 69 -0.04 0.03 *

Music 52.3 (22.5; 3.9) 34 61.1 (27.1; 4.5) 37 -1.5 69 -0.04 0.14

Quiet 77.0 (19.8; 3.4) 34 79.3 (23.8; 3.9) 37 -0.4 69 0.24 0.67

Source localization 43.6 (25.4; 4.4) 34 61.1 (27.1; 4.5) 37 -2.8 69 -0.09 0.00 *

Understanding in noise-front 46.4 (24.5; 4.2) 34 57.5 (25.5; 4.2) 37 -1.9 69 -0.16 0.07 *

Understanding in noise-spatially 43.0 (23.8; 4.1) 34 55.6 (27.1; 4.5) 37 -2.1 69 -0.14 0.04 *

Total 49.5 (20.7; 3.5) 34 62.6 (24.3; 4.0) 37 -13.1 69 -0.07 0.02 *

Factor 1 51.9 (27.1; 4.7) 34 50.5 (24.8; 4.1) 37 1.5 69 -0.13 0.82

Factor 2 54.6 (31.9; 5.5) 34 54.0 (26.5; 4.4) 37 0.7 69 -0.01 0.92

Factor 3 49.2 (30.1; 5.2) 34 48.9 (28.7; 4.7) 37 0.3 69 0.05 0.96

Factor 4 79.6 (21.2; 3.6) 34 76.5 (22.9; 3.8) 37 3.2 69 -0.22 0.55

Age 56.4 (14.7; 2.5) 34 57.6 (14.5; 2.4) 37 -0.4 69 / 0.7

01-potvin-_Opmaak 1  20/12/11  11:44  Pagina 241
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Appendix: summary of the raw data
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