-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by VBN

Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Speech Related Hearing Aid Benefit Index Derived from Standardized Self-Reported
Questionnaire Data

Narayanan, Sreeram Kaithali; Piechowiak, Tobias; Wolff, Anne; Storbjerg Houmgller, Sabina;
Narne, Vijaya Kumar; Loquet, Gérard Sylvian Jean Marie; Hougaard, Dan Dupont; Gaihede,
Michael; Schmidt, Jesper Hvass; Hammershgi, Dorte

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Narayanan, S. K., Piechowiak, T., Wolff, A., Storbjerg Houmgller, S., Narne, V. K., Loquet, G. S. J. M.,
Hougaard, D. D., Gaihede, M., Schmidt, J. H., & Hammershgi, D. (2019). Speech Related Hearing Aid Benefit
Index Derived from Standardized Self-Reported Questionnaire Data. Poster presented at International
Symposium on Auditory and Audiological Research, Nyborg, Denmark.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
? You may not further distribute the material or use it for any profit-making activity or commercial gain
? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at vbon@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: November 25, 2020


https://core.ac.uk/display/304621062?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://vbn.aau.dk/en/publications/d39c3b90-3729-4e97-8d06-28b61aa84f71

. Speech Related Hearing Aid Benefit Index Derived from
((‘ GN Standardized Self-Reported Questionnaire Data

Sclence
s (019

Sreeram Kaithali Narayanan', Tobias Piechowiak?, Anne Wolff®, Sabina S Houmgller*, Vijaya Kumar Narne°, Gérard Loquet®’, Dan Dupont Hougaard?,
Michael Gaihede®, Jesper Hvass Schmidt*, & Dorte Hammershgi'
I Department of Electronic Systems, Signals and Information Processing, Aalborg University, Aalborg, Denmark.?GN Resound A/S, Ballerup, Denmark. “Department of

AALEORG UNIVERSITY
DENMARK

BEAR .

L0\
VA OUH Otolaryngology, Head and Neck Surgery and Audiology, Aalborg University Hospital, Aalborg, Denmark. “Department of Oto-rhino-laryngology, Odense University
S DU o Odense Hospital, Odense, Denmark. °Institute of Clinical Research, Faculty of Health Sciences, University of Southern Denmark, Odense, Denmark. ®Department of Clinical

Universitetshospital

Medicine, Aalborg University, Aalborg, Denmark.

Introduction Results

The present Work 1S lnsplred by the thought Of haVIIlg a Slngle lndeX tO Questions PC]s.pe?:ChZRel:tCe: Q:::tionpsc-:et 1C6 PC]S.peT’cChZRel:tC:d Q:ecs;ion:(;ssetzpcs PCl1 | PC2 | PC3 | PC4 | PC5 | PC6 | PC7 | PCB | PC9 | PC10|PC11 l:’llctll;e;t:;;s PC14 | PC15 | PC16 | PC17 | PC18 | PC19 | PC20 | PC21 | PC22 | PC23 | PC24
o . o . 53% | 15% | 8% 6% 5% 5% | 62% | 9% | 8% 5% | 4% | 4% | 30% | 10% | 8% 4% 3% 3% 3% 3% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 1% 1% 1% 1% 1% 1%
Scale the hearlng ald (HA) beneﬁt from Self_reported queStlonnalreS° Pre- 15DQ1-Mobility:5 options ranging from walking normally to bed ridden. 0.38 0.01 | 1.24 0.06 | 0.46 041|028 1.93 0.04 0.73 | 1.66 198 | 0.01 :— f0a 10 i
VIOUS StUdl@S haVe ShOWIl that SpeﬁCh underStandlng 1n nOISy enVIrOnmentS 15DQ2-Vision:5 options ranging from see normally to completely blind. 0.41 0.03 | 0.71 1.78 0.76 1.95| 0.48 | 2.33 1.27 | 0.76 | 1.09 0.01 | 0.01 E
1S one of the most desired improvements Sought by hearing a1d users [1, 2] 15DQ3-Hearing:5 options ranging from hear normally to completely deaf. s.ss-o.os 0.05 | 0.19 z.ss-z.mloss 027 0.08 | 0.13 | 0.59 0.1 | 0.37 | 0.11 | 0.3a | 0.00 | 0.01 0.01 0.81 | 0.11 0.71 E
The perceived HA benﬁﬁt thus Can depend OIl the faCﬂitatiOn Of every_ 15DQ4-Breathing:5 options ranging from breathe normally to breathing difficulties at all times. 0.28 0.01 | 0.03 0.81 | 1.62 2.62 | 053 0.81 | 1.82 | 1.27 1.19 | 0.18 | 0.51 E
. . . . . . 15DQ5-Sleeping:5 options ranging from sleeping normally to severe sleeplessness. 0.30 | 0.62 1.18 | 1.20 | 2.53 | 1.15 0.24 0.26 | 092 | 031 =
day Communlcathn ln Challenglng enVernmentS by the HA. Thls ShOuld 15DQ6-Eating:5 opti ing f t Iy t yblet tall 0.07 | 0.63 | 0.25 | 0.05 0.05 155|042 |037|0.01|0.72| 094 |0.73 | 007 | 0.31 | 0.00 | 0.35| 0.02 | 0.03 :
ating:5 options ranging from eat normally to unable to eat all. ! } L ! ; ! L ! L L I L ! - _
a‘lSO ldeally reﬂeCt ln Self—repOrted queStlonnalreS responses recorded ln 15DQ7-Speech:5 options ranging from speak normally to can only make myself understood by gestures. 0.06 | 1.01 2.70 1.77| 030|175 | 0.01 | 0.71 | 0.10 | 0.15 | 1.67 | 1.12 0.49 | 0.01 | 232 :
the BEAR prOjeCt. Slngle index scale would facilitate the 1dentification of ::dbzi'::::?u";:t;p:_im ranging from my bladder and bowel work normally to no control over my bladder 0.51 0.21 | 027 | 0.82 0.73 | 1.80 1.60 0.14 | 0.06 0.00 | 0.02 0.01|119(000|
a Sub_population, if there exist, With a low_compensation beneﬁt from the 15DQ9-Usual Activities:5 options ranging from perform my usual activities to unable to manage. 0.09 | 1.27 0.07 | 0.05 2.56 | 165|1.00| 1.36 | 1.59 | 0.20 | 0.13 | 0.01 | 0.28 | 0.90 0.26 | 0.01 0.11 E
f h . 'd 15DQ10-Mental Function:5 options ranging from think clearly and logically to | am permanently confused and 0.00 | 0.33 3.05 0.07 | 036 | 159 | 0.811 033 0.39 | 0.39 | 0.29 2.09 | 118 022 —_
usSadgc Ol Ncaring aid. disoriented : : — : -
g g :il:?;:;l:fcomfort and Symptoms:5 options ranging from no physical discomfort to unbearable physical 0.44 036 | 0.16 | 0.02 | 0.43 | 3.08 0.25 | 0.20 | 154 | 3.14 1.70 | 0.03 0.20 0.14 | 0.03 | 012 :
The Self_reported questionnaire responses recorded during the fOllOW_up 15DQ12-Depression:5 options ranging from do not feel depressed to feel extremely depressed 0.49 | 0.92 0.14 | 1.81 1.03 | 0.00 0.95 | 0.37 E 0.34 | 2.50 | 0.03 0.93 | 0.09 | 0.09 E
ViSit 2 IIlOIlthS aftﬁl' th@ initial ﬁt, ShOW a Stronger COI’I’@latiOIl (Figure 1) 15DQ13-Distress:5 options ranging from do not feel stressed to feel extremenly stressed 0.55 0.15 2.62|1.72 1.62 0.87 | 0.11 | 1.36 | 0.10 | 0.33 | 0.06 | 0.51 | 1.32 | 0.22 | 1.21 E
. . . 15DQ14-Viatlity:5 options ranging from feel healthy and energetic to feel extremely weary 0.28 | 0.37 | 0.09 | 0.48 | 0.45 | 2.09 | 0.12 | 0.77 | 047 | 047 | 0.01 | 0.03 | 0.75 | 0.99 | 1.49 | 0.37 | 0.09 0.27 | 1.59 | 0.09 —
of 15D question 3 related to speech understanding, to the 17 questions of 5015 Sexual AcTRY:S options ranging from no adverse affec o sl ety o exual Sy JON P By B Bt B ) By Bty By s e s v v e
. . . impossible. ’ ’ : : : : -
SSQ, and three questions from IOI-HA (Question 3, 5, and 6), which were OLHAGLTITk st e o o Yot rsrt s 145 v et vk 01 3 v o ” SO PP PP o O - Ju Py P o P B
also part of the same survey (Figure 2). Further, a composite single value T o O e 0 ey bt before You Bot your present hearing 032|038 | 330{ 021 | 008 | 0.02  0.00 [ 006 [ 001 [ 030 [ 010 [ 074 [ 240 | 064 | 047 | 152 034 ] 0.00 | 0.00 | 074 [ 01| -
index created from speech-related questions (SRQ) that are part of the sur- varing i, howmach iffcuty o you ST hvein shtsution? o wd G0 G (5] - | - B -
. . . . - :Consider everything, do you think your present hearing aid(s) is worth the trouble? 0.89 0.69 | 0.11 0.73 | 0.32 | 0.00 | 0.01 | 0.16 | 0.54 | 0.23 | 0.29 | 0.03 | 0.11 | 0.05 | 0.50 | 0.44 | 0.36 2.75 | 0.22 | 0.23 -
vey can be a good representation of the perceived hearing aid benefit. o | o — -
y g p p g :,oﬁl;ttﬁsﬂ?ev:;,;: c::t cta\:od:f;eks, with your present hearing aid(s), how much have your hearing difficulties 0.33 0.01 012 | 1.12 1 0.02 | 077 | 1.00| 0.04 | 0.58 | 0.08 071 | 0.01 152 :‘_ 0% (Midooint)
ﬂ:ﬁ‘:f:::':; ;';ey';:fh:"::i:::;:'c ::i:‘s‘?’“”"e‘e"t hearing aid(s), how much do you think other people 0.12 0.04 1.39 | 0.01 | 1.73 | 0.04 0.21 | 0.00 [ 0.62 | 1.62 1.25 | 0.61 0.99 115 | 1.40 E
5 5 g g g g o o &2 < o © - ® I0I-HAQ7:Considering everything, how much has your present hearing aid(s) changed your enjoyment of life? 1.08 0.31 | 0.09 0.03 | 0.06 | 0.01 | 0.24 | 0.75 | 0.01 | 0.66 | 0.80 0.41 0.69 :
et mermooT oo g g E’L E’L E"L g g g g Sl % % % % % S8N8388n f:?:l":i:vh:g::zzﬁl':’"x;:'::e“ep:;:‘:::;‘:’e“t:::::‘:es:y:,w onin the same room. Without turning 3.98 | 0.10 | 0.08 0.66 | 0.21 0.08 | 0.14 | 0.00 | 0.47 0.40 | 0.02 | 038 | 0.13 | 0.00 | 0.07 | 1.08 | 0.28 088 |162|07a| _
CD-H ED? ED? CD? CD? CD-H ED? CD? CD? CD? CD? CD? ED? CD? CD? g g g g g g g g g g g g g g g g g %. %. %. %. %. %. %. SSQ-SpeechQ4: You are in a group of about five people in a busy restaurant. You can see everyone else in the 0.11 | 0.09 081 0.11 0.0a | 011 | 0.01 | 0.81 | 2.24 0.25 | 0.00| 0.02 | 0.00| 0.47 | 0.95 | 0.51 | 0.21 | 0.05 | 0.82 :
CLLoLoworoonooeeBRRRRRR8808888088838 020808080 group. Can you follow the conversation? i : e I i B B Bt B B B N I -
150.01 (@ o] @ e sTselsTols 1 Sé?;"::::’g;?t :::.::::?:L::m the sound which direction a bus o truck is moving, for example, from your 0.04 | 0.07 0.09 0.29 | 0.61 0.51 0.07 0.09 004 | 0.13| 003|099 | 012|007 | 0.03 | 0.09 | 0.01 028 |257] 0.64 E
150-Q2 o @ o :i?:;?:?ﬁ:tocu:nlev::;i::oﬂr;si:g: Of ihely voice or footsteps which direction a person s moving, for 0.08 | 0.69 0.66 | 0.24 0.35 | 0.05 | 0.24 | 0.76 | 1.50 | 0.05 | 1.06 | 0.01 | 0.09 | 0.05 | 0.02 | 0.04 | 0.00 0.13 | 0.05 | 0.67 | 0.10 008 | -
1b-Q3 ¢ . 00 ¢ 0000000000009 @ bl SSQ-Spe;chQIZ: Can you tell from their voice or footsteps whether the person is coming towards you or going —
150-Q4 @ @ NI I y way? 0.29 | 0.39 0.01 | 0.03 | 0.25 0.66 | 0.05 [ 0.73| 0.19 | 0.86 | 1.15 | 0.63 | 0.54 | 0.15 | 0.74 | 0.43 | 0.47 0.97 -
Egﬁg ° .. o oo 0000 igfi'::xh\g::f:obi:::::::‘: ;:hs:pn;:::; on the telephone and someone next to you starts talking. Can 0.27 | 0.61 038 | 1.33 | 0.03 1.18 | 0.66 0.02 | 0.44 | 0.01 | 0.59 | 0.15 | 0.02 H 031 036|036 |0.75 | 254 -
15D-Q7 . e ® L AN AR ® Sl:Qk-SpaceQG:Youareoutside.AdogbarksIoudly. Can you tell immediately where it is, without having to 0.13 078 | 0.11 | 0.1 | 1.44| 0.15 | 027 | 025 | 0.36 055 | .03 | 0.02 0.10 | 0.02 | 0.19 | 0.60 | 0.03 | 1.93 :
15D-Q8 oo Qe cjeesiee 0e -t -
15D-Q9 & & e ®® . AN X ® - SSQ-SpaceQ9: Can you tell how far away a bus or a truck is, from the sound? 0.03 096 | 0.04]|034|1.04/0.15(0.21|057|0.13| 1.02| 0.47 | 0.37 | 0.02 0.03 | 0.01]|0.26 | 0.07 | 0.00| 013 :
123:31? ® P : @ ® :,;: : : : ° ° ° S$SQ-SpaceQ13: Can you tell from the sound whether a bus or truck is coming towards you or going away? 0.01 0.61 | 0.02 | 0.02 | 1.59 | 0.06 | 0.00 | 0.45 | 0.17 | 1.01 | 0.18 | 0.65 | 0.46 0.25 | 0.01 | 0.02 | 0.28 | 0.08 | 0.19 :
15D-Q12 & ® @ L JN AR M K | .. & e e | & 0.4 S.S(:;Q?HQ;;\:Ihen \:’ou hear more than one sound at a time, do you have the impression that it seems like a 0.46 | 124 | 0.75 | 0.00 | 0.72 | 1.69 | 0.11 2| 166 | 056 094 | 0.07 1.49 | 1.59 :
15D-Q13 ® ® * @O ® single jum sound? 2 :
15D-Q14 @ ® @ oo @ oo ® ® $SQ-QoHQ7: When you listen to music, can you make out which instruments are playing? 0.14 | 1.49 0.14 | 1.26 | 1.33 | 0.14 | 2.48 | 0.00 | 0.29 | 0.70 | 0.26 0.65 0.04 -
SSQ—S;ZE;E? ‘ ® ° 9900 . Y Iy ry ° @ o0 02 SSQ-QoHQ9: Do everyday sounds that you can hear easily seem clear to you (not blurred)? 0.24 | 0.13 0.16 | 0.41 009 | 0.29 | 0. 0.46 | 1.44 | 0.43 | 0.44 | 1.37 :
Szz{iizzig?: : . . L L ILAL L : : : : : : : : ¢ : : : ° S$SQ-QoHQ14: Do you have to concentrate very much when listening to someone or something? 0.00 | 1.61 0.80 031|134 0.01 1.66 | 0.25 | 0.73 | 0.17 1.29 0.45 | 0.22 217 0.40 ;
SSQ-SpeechQ11 ® 200000 OO e @ ® ¢ $SQ-QoHQ15: Do you have to put in a lot of effort to hear what is being said in conversation with others? 1.18 | 0.16 0.75 | 0.35 E 0.13 097 | 0.13 | 0.31 | 0.07 m 0.48 | 0.01 041
ggg:gszzz:gi : e o : : : : ::: : : : : : B 0 :fo(:‘.gc:?:eo‘}tsu;?wmn you are the driver in a car can you easily hear what someone is saying who is sitting 2691 0.11 051 | 0.14 oo | 0.13 | 032 | . 1.09 0.00 | 213 | 0.12 o0 0.01 257 | 0.00
223:22:2233 : . YT . .:: : : : : : : : : : : SSQ-QoHQ17: When you are a passenger can you easily hear what the driver is saying sitting alongside you? 1.18 | 0.00 0.47 | 0.11 | 0.82 | 0.64 | 0.30 | O. 0.86 0.06 | 1.37 | 0.49 | 0.23 0.09 259 | 0.02
SSQ-SpaceQ13 ® e o : : : : : : :::;: : : : : : : ® L BN - 02 $SQ-QoHQ18: Can you easily ignore other sounds when trying to listen to something? 0.17 | 0.36 | 0.68 0.19 | 0. 1.60 | 0.17 | 0.00 | 0.65 | 0.30 | 0.20 | 1.11 | 1.36 0% (Min)
S5Q-QoHQ2 @ @ o ® -
$SQ-QoHQ7 o 000000000000 o <00 . ] ] ] ] o o ] ]
Ssaasas [+ ]ele . QUUOOCNOOOCE D0000RR0R0OE Figure 3. The table shows PCA results for the three sets of questionnaires. The percentage contribution of each principal component (PC) 1s indicated in
ssQqoHats [+ |+ |8 C 8090000000 c00008 -0 2. the second row of the header. The values in the fields below each PC are the percentage contribution of each question to that respective PC. From analysis
SSacoHaty |- |+ (e : 18000000000 :::::: el0ci00 of all questions, 1t can be seen 1) PC1 1s clearly linked to speech understanding (SSQ answers), 2) PC2 1s related to mental well-being (stress, discomfort,
oLHAQ! ( 0000 depression), 3) PC3 1s most strongly related to hearing benefit (IOI-HA), whereas 4) PC4 may represent spatial dimensions of the hearing experience.
I01-HAQ2 IR s ojoooo0PDOoOe + O
I0-HAQ3 O oo oDy oo
IOI-HAQ4 ..... °® 0.8
01-HAQS o ® 0 00 oo e oo oooee-ooePHoo
0-HAQB . ® 0 0000000000000 o000
I0l-HAQ7 ® Xy ) . 200 _
1SRQ-set1 —
SRQ-set2 R
Figure 1. Correlation matrix for 15D, SSQ (17 questions) and I0I-HA 150 All Questions g ~
recorded during the follow-up visit 2 months after the initial fitting of the - X
. . O m
hearing aid. 2 ~ O -
S 100 =
g g Y
- x |
Methods = S
50 £ Y-
The principal component analysis 1s used as the basis to form a com- | | | | j
posite index related to speech understanding from the seltf-reported ques- 4 2 0 2 4
tionnaires. This approach 1s well established 1n constructing a composite . :
. . T 0 Index with all questions
soc10-economic status index [3, 4].
: Index
Three sets of questions were selected for the study are: - -
o
T - e
< - i : %
e Speech Related Questions -Set 1: 15D-Question 3, IOI-HA (Ques- i 1 o -
tion 3, 5, and 6), and SSQ Speech domain questions (Question 1, N - i i i %
¢ ' | O -
2 =
— | i LY
. . ! : ! > I
e Speech Related Questions -Set 2: 15D-Question 3, SSQ Speech do- N ; ; ; [0
main questions (Question 1, 4, 10, 11, 12, and 14), SSQ Quality | = -
domain (Questions 14, 15, 16, 17) Y - %
[ [ [ [ [
| | |
-  OnnAa; - SRQ-Set! SRQ-Set2 All Questions -4 -2 0 2 4
e All questions of all three questionnaires (total 39 questions).
Question Sets Index with all questions
Only responses recorded from the follow-up visit (after 2 months of initial Figure 4. Top: The plot shows the histogram of the derived index from Figure S. Top: The index derived from SRQSetl plotted against the

fit) were considered for the study.

DATA SORTING INDEX

Principal components
explaining up to 90% of
variances are considered for
deriving the index.

The index is derived using the
below formula:

The responses to the questions
of interest in each set are
extracted.

From a total of 1960 participants,
participants with valid
responses to all of the questions
in the considered set are only
included in the study (SRQ-
Set1:N=1465,SRQ-

k
. * Factor Scorey,
Set2:N=1321,All Questions:

N=996).

I = Number of participants.

K = Number of principal
components considered for the

15D questions are applied with
respective weight.

analysis.

PC,= % of variance explained by
the k' PC.

PCiotai = % of total variance
explained.

Factor Scoreik= Score,; *
loading,

Figure 2. The data was sorted and weights for 15D were applied before
performing PCA, and calculation of composite single value index.

References

all three sets of questions. Bottom: The box plot with the median of the
derived index and error bars showing the 95% confidence intervals. It can
be seen that the median 1n all cases 1s close to the same level. An ANOVA
showed no significant difference between the three sets of questions.

Discussion

The results establish the relation of speech in the perceived benefit. The
positive covariance of the index derived from speech specific questions to
all questions supports this hypothesis.

The derived composite index can thus be used to define the sub-population
with low compensation benefit from a speech-related function point of
view. A negative index can be an indication of low aided benefit.

Further, the index can be regressed with other outcomes like aided speech
intelligibility, compression parameters, word-recognition scores, and hear-
ing aid usage time for having a stronger understanding of underlying fac-
tors defining low compensation benefit.
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index derived using all 39 questions. The plot shows negative covariance
(covariance coefficient: -1.31). Bottom: The index derived from SRQSet2
plotted against the index derived using all 39 questions. The plot shows
positive covariance (covariance coefficient: 1.92).

Conclusion

The results suggest that the composite single value speech-related benefit
index using PCA can indicate the perceived benefit of hearing aid use.

The speech-related questions, the SRQ-set2, can be representative of over-
all benefit with a positive covariance to the index based on all questions
included 1n the present study.

This approach can be extended using other powertul multivariate statistical
tools like partial least square (PLS) method can open up more possibilities
in predicting aided benefit using only audiometric and demographic vari-
ables.
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