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Abstract

To develop a tool for use in hearing screening and to evaluate the
patient journey towards hearing rehabilitation, responses to the hear-
ing aid rehabilitation questionnaire scales aid stigma, pressure, and aid
unwanted addressing respectively hearing aid stigma, experienced
pressure from others; perceived hearing aid benefit were evaluated
with item response theory. The sample was comprised of 212 persons
aged 55 years or more; 63 were hearing aid users, 64 with and 85 per-
sons without hearing impairment according to guidelines for hearing
aid reimbursement in the Netherlands. Bias was investigated relative
to hearing aid use and hearing impairment within the differential test

functioning framework. Items compromising model fit or demonstrat-
ing differential item functioning were dropped. The aid stigma scale
was reduced from 6 to 4, the pressure scale from 7 to 4, and the aid
unwanted scale from 5 to 4 items. This procedure resulted in bias-free
scales ready for screening purposes and application to further under-
stand the help-seeking process of the hearing impaired.

Introduction

Numerous studies have discussed factors which influence whether
or not a person with hearing impairment seeks help and whether or
not help-seeking results in hearing aid uptake and hearing aid use.
Davis et al.1 reported that the rehabilitation process is initiated on
average ten years too late compromising the effectiveness of hearing
aid fitting. Hearing screening among adult populations has been pro-
posed to facilitate the process of help-seeking behavior toward rehabil-
itation and to increase benefit gained from hearing aid fitting.

A description of the hearing impaired patient’s journey towards
hearing rehabilitation in order to improve hearing screens and inter-
ventions is needed.2 Manchaiah et al.3 described the patient journey
towards rehabilitation as having seven stages: i) pre-awareness; ii)
awareness; iii) movement; iv) diagnostics; v) rehabilitation; vi) self-
evaluation; and vii) resolution. The first two stages are relevant to
hearing screening as they mark the stages where the hearing
impaired person is unaware or in the process of becoming aware of
his/her hearing impairment. Since these first two stages are followed
by the movement stage where help is sought, it is clear that a hearing
screen instrument should primarily target these beginning stages.
Meister et al.4 applied the theoretical framework of the theory of
planned behavior to model determinants of help-seeking for hearing
problems relative to four of these stages: persons who have noticed
they have hearing problems but have not yet sought help (awareness),
persons who consulted an ENT specialist/audiologist but had not opted
to try a hearing aid (movement); persons who were trying out a hear-
ing aid (rehabilitation) and those who had become hearing aid owners
(resolution). Extrinsic motivation, the influence of social pressure or
significant others, played a greater role in the first two stages while in
the latter two stages it was intrinsic motivation, generated by attitudes
and behavioral control, which influenced the intention for rehabilita-
tion. It would appear then that the focus of the first two stages would
be on the hearing experience of the hearing impaired individual.

Correspondence: Michelene M.N. Chenault, Maastricht University, P.O. Box
616, 6200 MD Maastricht, The Netherlands. 
Tel.: +0031.433884294 - Fax: +0031.433618388.
E-mail: mickey.chenault@maastrichtuniversity.nl 

Key words: Item response theory; graded response model; hearing rehabili-
tation.

Acknowledgments: this research was supported by The Heinsius Houbolt
Foundation.

Dedication: This work is dedicated to the honor and memory of Dr. Lucien
Anteunis who passed away shortly after its acceptance for publication.

Conflict of interest: there is no conflict of interest.

See online Appendices.

Received for publication: 1 July 2016.
Revision received: 1 November 2016.
Accepted for publication: 2 November 2016.

This work is licensed under a Creative Commons Attribution
NonCommercial 4.0 License (CC BY-NC 4.0).

©Copyright M. Chenault et al., 2016
Licensee PAGEPress, Italy
Audiology Research 2016;6:159
doi:10.4081/audiores.2016.159

                                                                         Audiology Research 2016; volume 6:159



[page 50]                                                             [Audiology Research 2016; 6:159]                                         

However, there are other factors that influence the transition from (i)
being impaired to (v) hearing rehabilitation, which can include inter-
ventions besides the most commonly sought one of hearing aid fitting.
Seeking help marks the initiation of the rehabilitation process by the
hearing impaired person. But whether help is sought is influenced by
personality attributes and attitudes of the hearing impaired person.
Cox et al.5 reported that ability to adopt coping strategies for hearing
but also cynicism or lack of trust are greater among persons not seek-
ing help than among those who do. Manchaiah‘s third stage on the
patient journey, i.e. the movement stage, is characterized by help-seek-
ing behavior as a result of experienced hearing difficulties. However,
factors not directly related to hearing problems play a crucial role in
help-seeking behavior. Wu et al.6 found in their study of persons aged
60 years or more, that willingness to try a hearing aid was not at all
related to the degree of hearing impairment suggesting the existence
of barriers for the hearing impaired person to enter Manchaiah’s move-
ment stage. 

Results of a survey performed in the United States revealed that
denial, concern about costs and hearing aid stigma were at the base of
unwillingness to embark on the road to hearing rehabilitation
(National Council on the Aging, 1999).7 These finding were confirmed
by Iacobucci et al.8 in a study examining the intentions and attitudes of
hearing impaired individuals as consumers relative to seeking help
and the purchase of a hearing aid. Stigmas attached to hearing prob-
lems and hearing aids have been shown to form substantial barriers
while the role of significant others can play an encouraging role in the
hearing rehabilitation process.9-11 These factors which are not directly
related to experienced hearing impairment may then either encourage
or discourage the initiation of hearing aid uptake.

Parette and Scherer12 discussed the impact of stigma on assistive
technologies in general and concluded that stigmas associated with
disability and use of assistive technology is integrally related to deci-
sions regarding use. Wallhagen explored the nature of hearing loss and
hearing aid stigma in a longitudinal qualitative study.13 She identified
three interrelated experiences, namely alterations in self-perception,
ageism and vanity. Alterations in self-perception occur when the indi-
vidual is confronted with hearing loss and a diminished self-value
which is further compounded by the prospect of wearing a hearing aid
and the associated stigma of needing one. Closely interrelated to this
is how ageism interacts with this perception. The societal ideal is piv-
oted on vitality and youth and wearing a hearing aid is seen as contra-
dictory to this ideal. Moreover, wearing a hearing aid is avoided for van-
ity reasons since wearing a hearing aid is viewed as unattractive.

The role of significant others also deserves attention in Manchaiah’s
patient journey. In a study of a large sample of persons aged 55+ par-
ticipating in a driving test, Duijvestijn et al. found that the hearing
impaired who had sought help had experienced more social pressure to
do so than those who had not.14 The social environment of the individ-
ual may act as a catalyst. Family members of hearing impaired persons
may become aware of the individual’s hearing impairment before
he/she does. This occurs in practical situations such as the television
being turned on too loud, having to repeat communications to their
hearing impaired family member, etc. Often it is the family member
who suggests that the hearing impaired person should have their hear-
ing checked. Hickson et al.15 have identified this as “Third Party
Disability”, a term included in the World Health Organization (WHO)
International Classification of Functioning, Disability and Health (ICF)
framework to denote the limitations experienced by family members as
a result of the disability of a significant other. Wallhagen in her longi-
tudinal qualitative study also analyzed the views of the partners in her
sample of hearing impaired persons and found that negative attitudes
towards hearing loss and hearing aids were reinforced by those of the
partner.13 An additional barrier to hearing aid uptake is a lack in
expected benefit and cost. Garstecki and Erler16 reported that cost was

more likely to be reported as a problem in those not opting for a hearing
aid than by those who do. However, Amlani et al. reported that even if
hearing aids were provided free of charge, 65% of the hearing impaired
population would still decline adopting an aid.17

Although the focus of a hearing screen should be on the beginning
stages of the patient journey, the last two stages of the patient journey
also deserve attention. The sixth stage is self-evaluation when the per-
son fitted with a hearing aid either accepts or rejects the hearing aid
before entering into the last stage being resolution. Dissatisfaction
with hearing aids leads to underuse or non-use by hearing aid owners.
Joore et al.18 reported that 11% of hearing aid users were dissatisfied
with their hearing aids. Other studies have reported figures of non-use
by hearing aid owners. In a large survey conducted among an older
Australian population, 24% of the hearing aid owners reported that they
never used their aid.19 In a follow up on first time hearing aid users,
Vuoriahho et al.20 reported that 36.8% used their aids only occasionally
and 5.3% not at all. In a scoping study, which is a form of literature
review with the focus on uncovering where there are gaps with possi-
bilities for new research, McCormack and Fortnum21 explored the rea-
sons why persons who have been fitted for a hearing aid do not use
them. They found that the most important reasons for ownership but
non-use were related to experiencing lack of benefit, in particular lack
of effectiveness in noisy situations, and comfort. 

A number of questionnaires has been developed to assess attitudes
towards hearing aids. The Expected Consequences of Hearing Aid
Ownership (ECHO), a sister questionnaire to the Satisfaction with
Amplification with Daily LIFE (SADL) developed by Cox and
Alexander,22 measure hearing aid expectations. These questionnaires
have been applied to measure the effect of hearing rehabilitation.
Hallam and Brooks10 developed the Hearing Aid Rehabilitation
Questionnaire (HARQ) to improve care for individuals in the rehabili-
tation process. The HARQ consists of 40 items dispersed over seven
scales whereby half of the items pertain to hearing and half to hearing
aids. Four scales pertaining to hearing aids were labeled: ‘hearing aid
stigma’, ‘pressure to be assessed’, ‘aid not wanted ’and ‘positive expec-
tation of aid’. The original HARQ hearing aid scales have been applied
in other studies to assess pre- fitting attitudes: Meister et al.23 to
address expectations and Jerram and Purdy24 hearing aid stigma. 

Chenault et al.25 analyzed the HARQ from the perspective of hearing
screening, rather than in the context of hearing rehabilitation, using a
sample of persons with and without hearing aids and varying degrees
of hearing impairment. Exploratory factor analysis was applied to the
hearing aid items from the HARQ scales: ‘hearing aid stigma’, ‘pres-
sure to be assessed’ and ‘aid not wanted’. The emerging factor struc-
ture showed considerable overlap with that reported by Hallam and
Brooks10 but there were still some clear differences. The obtained
scales were named: aid stigma, pressure, and aid unwanted targeting
respectively attitudes towards the wearing of hearing aids, having
experienced social pressure from others to take action regarding hear-
ing impairment, and perceived (lack of) benefit from hearing aids. 

The objective of the present paper is to examine these three scales
within the methodological framework of Item Response Theory (IRT)
to determine their usefulness in a hearing screen setting. Hayes and
Lipscomb26 discussed the advantages of IRT methodology. Not only do
IRT models provide a better depiction of actual response patterns, IRT
estimates are a more accurate representation of the latent trait being
estimated and provide the possibility of gaining sensitivity when com-
paring groups. IRT is increasingly being applied to Patient Reported
Outcomes (PROs) to assess latent traits such as experienced disability
and attitudes. IRT is a valuable supplement to Classical Test Theory
since it facilitates the further calibration of items and scales, the exam-
ination of the relative importance of items within a scale and the inves-
tigation of measurement equivalence or bias in responses. To date
there have been just a few applications of IRT methodology in audiolo-
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gy studies. Demorest et al.27 applied IRT methodology to assess items
with a pass or fail outcome addressing communication and adjustment
to hearing difficulties. The present authors applied this methodology to
examine and calibrate two scales, derived from the 20 HARQ items per-
taining to hearing, to assess experienced hearing.28,29 The primary goal
of the present paper is to evaluate the hearing aid items and their
scales in light of the potential contribution they could make to a screen-
ing instrument to assess attitudes and factors which either encourage
or discourage the initiation of hearing rehabilitation. A secondary goal
is to further contribute to the on-going discussion regarding barriers to
hearing aid uptake.

Materials and Methods

The sample consists of hearing impaired persons with or without a
hearing aid and non-hearing impaired persons. The item responses
considered in this study were obtained by administering the HARQ to
212 Dutch persons aged 55 and older consisting of 63 hearing aid users
and 149 non-users with a mean Pure Tone Average Best Ear (PTABE for
1, 2, 4 kHz) of 38 dB (s.d.16). Hearing aid users were included since a
potential screening population will also include persons who have been
fitted with a hearing aid and either do or do not use it. Given the crite-
rion for hearing aid reimbursement in the Netherlands at the time of
data collection being a PTABE of 35 dB or more for 1, 2 and 4 kHz, the
group without a hearing aid could be divided into two groups: non-
impaired or normal hearing persons with PTABE less than 35 dB for 1,
2 and 4 kHz in the better ear; N=85) and hearing impaired persons
with PTABE of 35 dB or more for 1, 2 and 4 kHz in the better ear N=64.
Hearing aid users were included so that the sample included persons
who have gone through the process of hearing aid fitting which
includes the realization or acceptance of their hearing impairment. 

The hearing scales considered here were obtained by applying
exploratory factor analysis to 17 hearing aid items of the HARQ.25 The
same factor structure was obtained through both orthogonal and non-
orthogonal rotations resulting in three scales: aid stigma, pressure and
aid unwanted. The aid stigma scale consists of six items and addresses
hearing aid stigma, the pressure scale has seven items pertaining to
whether the person has been pressured to have his/her hearing
assessed, and the aid unwanted scale has five items addressing per-
ceived benefit. All items are on a 3-point ordinal response scale: agree,
partly agree, and disagree. One item loaded on all three scales and
another item on both the stigma and pressure scales. Reliability analy-
sis resulted in a Cronbach’s alpha of 0.62 for the aid stigma scale and
0.61 for the pressure scale, which are acceptable. For the aid unwanted
scale a Cronbach’s alpha of 0.49 was obtained which is considered
unacceptable. However, if this scale had consisted of either 6 or 7 items
such as the other two scales considered here, a Cronbach’s alpha of
0.55 or 0.58 would have been obtained according to the Spearman
Brown Formula, which rounded off would be 0.6 and thus acceptable.
These scale items are presented in Appendix I (see online
Appendices30-50).

In Appendix II a detailed description of the methodology applied in
this study is given. Classical Test Theory is initially applied to the ques-
tionnaire scales, determining whether the assumptions required for
IRT modeling, namely uni-dimensionality, local independence and
monotonicity are met. Thereafter the IRT models are estimated with
assessment of model and item fit and an inspection of generated
response and information curves. Differential Item Functioning (DIF)
analysis is then performed to ensure that items within each question-
naire scale demonstrate measurement equivalence (are bias free)
across groups. This is followed by a final re-calibration of the question-
naire scales with the remaining items.

The Classical Test Theory analysis occurred in an earlier paper.25

Monotonicity was confirmed when item responses were non-monotone
decreasing relative to scale scores. Uni-dimensionality was evaluated
with Confirmatory Factor Analysis (CFA) according to the methodology
of Joreskog,31 whereby the item coefficients, which are statistically sig-
nificantly different from zero, and the goodness of fit statistics, Root
Mean Square Error of Approximation (RMSEA), the Non-Normed Fit
Index (NNFI) and Comparative Fit Index (CFI), were considered. The
Graded Response Model (GRM)32,33 was estimated for each scale, since
the items are on a 3-point ordinal scale and the GRM allows the slope
parameters to vary per item. The corresponding Item Characteristics
Curves (ICC) and Information Curves were generated. Thereafter the
obtained IRT model fit measures and parameter estimations were
examined. Local independence was evaluated by examining the resid-
ual correlations between items generated along with the estimated
GRM parameters.34 Model fit at the item level was assessed by examin-
ing the S–c2 per item, an item fit statistic, with P< 0.05 indicating mis-
fit.35,36

The estimated parameters were examined to investigate whether to
discard an item from the scale if DIF was detected relative to hearing
impairment and hearing aid use. For this purpose three comparisons
were considered: 
- Comparison I: focal group are normal hearing persons (n=85) with

median PTABE (1,2,4 kHz)=25 dB (interquartile range: 18, 28); ref-
erence group (n=127) consists of hearing impaired persons with or
without a hearing aid.

- Comparison II: focal group are hearing aid users (n=63) with medi-
an PTABE(1,2,4 kHz)=51 dB (interquartile range: 42, 62); reference
group (149) consists of persons who have either normal hearing or
are hearing impaired but not using a hearing aid.

- Comparison III: focal group (n=63) are hearing aid users; reference
group (64) consists of hearing impaired persons not using a hearing
aid with median PTABE(1,2,4 kHz)=43 dB (interquartile range: 38,
48).
Thus for Comparisons I and II the entire sample is considered. For

Comparison III only the hearing impaired persons with or without a
hearing aid are considered. 

The procedure proposed by Teresi and Fleishmn37 for the detection
of DIF was followed. Two methods, the IRTLR (Item Response Theory
Likelihood Ratio) method developed by Thissen et al.,38 and the OLR
(Ordinal Logistic Regression) which is an extension of the LR (Logistic
Regression) method developed by Zumbo39 were used to flag items sus-
pect of exhibiting DIF. These two methods, one being based on IRT cal-
ibration and the other on scores obtained through Classical Test Theory
sum scores, complement each other.40 Items free of DIF according to
both methods were considered as anchor items to compare the differ-
ences in model fit (chi-square statistic) of any item suspect of DIF. This
occurred in two stages, first to determine the presence of items
exhibiting non-uniform DIF (differences in discrimination parameter
estimations across groups) and, secondly, uniform DIF (differences in
threshold parameters across groups). Items for which it was confirmed
that they exhibit non-uniform DIF were removed from the scale before
the procedure was repeated to investigate uniform DIF. 

Finally, the (reduced) scales were re-calibrated and the estimated
parameters evaluated. Item and total information curves of the
(reduced) scales for each of the three scales were examined. Moreover,
standardized scale scores derived from the original and reduced scales
were compared relative to groups defined by hearing impairment and
hearing aid use. It is important to note that this is a refinement rather
than a validation of the factor structure obtained and reported in
Chenault et al.,25 and therefore the results are based on the same sam-
ple. Statistical software employed included LISREL 8.7,41 IRTPRO
Student version and IBM SPSS 21.36 A type I error of .05 is considered
as statistically significant. A Bonferroni adjustment for multiple com-
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parisons was applied in the DIF analysis for both the determination of
the anchor items and when applying the IRTLR method to suspect DIF
items with the subset of anchor items.

Results

Aid stigma scale
All the factor loadings in the CFA for the six items in the aid stigma

scale were highly significant supporting the assumption of uni-dimen-
sionality. The mean trait scores per successive response category were
non-decreasing. The RMSEA was barely acceptable at 0.0967 with the
NNFI at 0.861 and CFI at 0.917. Residual correlations between items
ranged from -1 and 1.5 giving evidence of local independence. The esti-
mated slope or discrimination parameters for the six items ranged
from 1.1 to 2.8, with the S–c2 diagnostics indicating that none of the
items compromise scale fit. For each item, the content, estimated dis-
crimination parameter a and threshold parameters b1 and b2 are pre-
sented in the full scale section on the left in Table 1 together with the
significance levels of the item fit statistics (S–c2). In the ICC curves
presented in Figure 1 it can be seen that for items as1 and as2 of the
aid stigma the peak of the middle curve occurs at higher trait values.
For item as3 this occurs at lower trait values indicating that responders
with lower stigma levels are more likely to agree with this statement.
The discrimination parameters for all six items are good all being
greater than 1. The item information curves are presented in the left
top panel of Figure 2 showing the relative contribution of each item at
each theta trait value. The item with the highest discrimination param-
eter, as5, has correspondingly the highest information peak. It can also
be seen that items vary according to the information they provide rela-
tive to theta trait values. Item as3 provides relatively more information
at the lower end while item as2 at the higher end of the trait scale.

In Table 2 the chi-square statistics of the DIF analysis are given per
scale and comparison. Item as1 was flagged for non-uniform DIF by the

IRTLR method for Comparisons I and II while the OLR method flagged
items as1 for Comparison II and as3 for Comparisons II and III. Taking
items as2, as4, as5, as6 as anchor items, non-uniform DIF was con-
firmed for as1 for Comparisons I and II. Item as2 was flagged for uni-
form DIF by the IRTLR method for Comparisons I and II leaving the
remaining four items to be considered as anchor items thus confirming
uniform DIF for this item for these two comparisons. The assumptions
for IRT estimation were evaluated for this reduced four-item aid stigma
scale. Fit statistics were better than for the six-item scale. Residual cor-
relations between items were also lower ranging between -0.8 and 0.4.
The estimated IRT parameters for the remaining four-item scale are

                                Article

Table 1. Initial (full) and final (reduced) scale estimated IRT parameters (se) and item fit statistics of aid stigma, pressure, and aid
unwanted scales with reasons for dropping items.

                                                                       Full Scale                                                                      Reduced Scale
                                 item                 a                  b1                 b2             S-c2                       a                     b1                   b2            S-c2

Aid stigma                       
                                          as1                    1.1(0.3)            1.8 (0.4)           2.7 (0.6)            0.62                            non uniform DIF for Comparisons I, II
                                          as2                    1.3 (0.4)           2.5 (0.6)           4.0 (1.1)            0.51                            uniform DIF forComparisons I, II
                                          as3                    1.7 (0.4)           0.6 (0.1)           1.2 (0.2)            0.67                            1.8 (0.4)            0.6 (0.1)              1.2 (0.2)           0.08
                                          as4                    1.1 (0.3)           1.1 (0.2)           1.9 (0.4)            0.48                            1.1 (0.3)            1.1 (0.3)              2.0 (0.4)           0.59
                                          as5                    2.8 (0.9)           1.1 (0.2)           1.8 (0.2)            0.15                            4.3 (1.7)            1.0 (0.1)              1.6 (0.2)           0.15
                                          as6                    1.5 (0.4)           1.5 (0.3)           1.7 (0.3)            0.71                            1.2 (0.3)            1.7 (0.4)              1.9 (0.4)           0.05
Pressure                            
                                          p1                  Local independence assumption violated
                                          p2                     0.6 ((0.4)          4.5 (2.5)           7.4 (4.3)            0.18                            0.8 (0.4)            3.3 (1.5)              5.5 (2.6)           0.58
                                          p3                      1.1 (0.4)           -1.5 (0.4)          -1.2 (0.3)           0.39                            uniform DIF Comparison I
                                          p4                      2.7 (1.4)           0.4 (0.1)           0.3 (0.1)            0.14                            2.1 (1.0)            0.5 (0.1)              0.6 (0.2)           0.10
                                          p5                                                                                                                                                                                                           
                                          p6                      1.5 (0.4)           1.4 (0.3)           2.4 (0.5)            0.73                            1.6 (0.5)            1.4 (0.3)              2.3 (0.5)           0.62
                                          p7                      1.2 (0.4)           1.9 (0.4)           2.6 (0.6)            0.57                            1.4 (0.5)            1.7 (0.4)              2.3 (0.6)           0.48
Aid unwanted                 
                                          au1                   0.9 (0.4)           3.2 (1.2)           5.3 (2.1)            0.50                            uniform DIF Comparison II
                                          au2                   1.7 (0.5)           0.2 (0.1)           1.8 (0.4)            0.69                            1.6 (0.5)            0.2 (0.1)              1.8 (0.4)           0.38
                                          au3                   1.4 (0.3)           1.9 (0.4)           2.7 (0.6)            0.48                            1.4 (0.5)            1.9 (0.4)              2.7 (0.6)           0.59
                                          au4                   1.2 (0.3)           -0.1 (0.2)           0.7 (0.2)            0.92                            1.2 (0.4)           -0.1 (0.2)              0.6 (0.2)           0.83
                                          au5                   0.8 (0.3)           0.5 (0.3)           1.7 (0.6)            0.09                            0.7 (0.3)            0.5 (0.3)              1.8 (0.6)           0.15

Figure 1. Item characteristic curves of individual items per scale.
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given in the reduced scale portion at the right in Table 1.
Discrimination parameters range from 1.1 to 4.3 with acceptable S–c2

statistics for all four items. In the top middle panel of Figure 2 the rel-
ative contribution of each item in the reduced scale is shown. In par-
ticular it can be noted that the contribution of item as5 has increased
substantially. In the top right panel of Figure 2 the total information
curves generated by the original six and the final reduced four item
scales are presented where it can be seen that the reduced scale has a
higher maximum peak at 7.6 while the six item scale peaks at 5.5. This
is due to the increased contribution of item as5. It can also be noted
that the reduced scale provides marginally less information at the high-
er end of the trait values. In Figure 3 the standardized scores based on
the scales before and after removing items on the basis of item fit and
DIF analysis are shown, whereby the diagonal line depicts equality
between the two scales. The greatest discrepancy between the two
scores is observed in the hearing impaired groups, demonstrating the
impact of omitting items as1 and as2. 

Pressure scale
The mean trait pressure scores per successive response category for

each of the seven items were non-decreasing. While the CFA loadings
of all seven items were statistically significant, RMSEA was unaccept-
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Table 2.c2-statistics from DIF analysis for Comparisons I: focal = non-hearing impaired; II: focal = hearing aid group; III: focal=hearing
aid group, reference=hearing impaired, no aid.

                                                          Comparison I                                   Comparison II                                      Comparison III
                                          item         IRTLR       OLR           anchor           IRTLR       OLR        anchor                 IRTLR         OLR          anchor

Aid stigma
                          non-uniform    as1                8.1*               2.1                  12.1 *                   14.9*             12.5*          10.5*                            3.6                    0.5                  3.0 
                                                      as2                4.8                 0.7                                               4.7                 1.2                                                    0.7                    0.1                  
                                                      as3               2.7                 0.4                  0                           0.4                 8.3*            3.2                                 2.1                    12.4*             1.1
                                                      as4                0.5                 2.2                                               1.0                 3.8                                                    3.3                    4.7                  
                                                      as5                3.6                 0.9                                               6.9                 2.4                                                    1.0                    0.1                  
                                                      as6                0                    0.5                                               0.8                 0.3                                                    1.0                    0.1                  
                          uniform            as2                7.4*               5.0                  7.4*1                    7.0                 4.2              7.0*1                            2.0                    0.9                  2.0
                                                      as3                0.2                 4.4                                               1.2                 4.0                                                    1.7                    3.4                  
                                                      as4                0                    0                                                  0.3                 1.2                                                    1.5                    3.4                  
                                                      as5                0                    1.1                                               0                    2.5                                                    1.8                    0.6                  
                                                      as6                0.3                 0.1                                               0.6                 0.1                                                    0.2                    1.1                  
Pressure            
                          non-uniform    p2                 0.3                 0.1                                               0                    0                                                       1.2                    0                     
                                                      p3                 5.0                 7.0*               5.0                        0.4                 17.8*          0.4                                 0.2                    7.5*               0.2
                                                      p4                 3.0                 0.1                                               1.3                 1.0                                                    0                       2.4                  
                                                      p6                 2.7                 4.5                                               0                    0.3                                                    0.1                    0                     
                                                      p7                 0                    2.3                                               0.8                 0.1                                                    2.2                    0.7                  
                          uniform            p2                 0.3                 0.5                                               0.6                 0                                                       0.8                    0                     
                                                      p3                 9.9*               11.4*             9.9*                      2.2                 6.8              2.2                                 2.2                    5.0                  2.2
                                                      p4                 2.9                 4.0                                               2.7                 2.3                                                    1.6                    1.3                  
                                                      p6                 2.7                 0.1                                               0.7                 0.6                                                    0.2                    0                     
                                                      p7                 0.2                 1.1                                               0.6                 0.1                                                    0.8                    0                     
Aid unwanted 
                          non-uniform    au1               4.7                 1.7                                               1.7                 0                                                       0.2                    0                     
                                                      au2               0.2                 2.5                                               0.9                 2.6                                                    2.1                    2.0                  
                                                      au3               0.3                 4.8                                               0                    0                                                       1.2                    0                     
                                                      au4               0                    0.1                                               0.1                 2.4                                                    2.7                    4.4                  
                                                      au5               0.6                 1.3                                               2.7                 1.6                                                    0.7                    4.9                  
                          uniform            au1               4.7                 0.7                  5.3                        14.4*             11.4*          13.0*                            8.3                    5.7                  6.8
                                                      au2               0                    5.3                  0                           2.8                 7.0*            3.7                                 2.7                    2.9                  2.6
                                                      au3               0.6                 0.1                                               1.0                 5.9                                                    3.1                    0.7                  
                                                      au4               1.8                 2.6                                               3.0                 2.4                                                    3.7                    1.1                  
                                                      au5               2.7                 0.1                                               1.3                 2.9                                                    3.3                    0.9                  
*Indicates significance at .05 after Bonferroni correction; df=1, for non-uniform IRTLR and all OLR comparisons; df=2, for uniform IRTLR comparisons, 1 indicates 1 df for uniform DIF occurring when 0 counts for a
response category for one of the groups considered.

Figure 2. Item information curves of each item relative to other
items per scale for the original scale on the left, the same for the
reduced scale in the center, and a comparison of total information
curves for the original and reduced scales.
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able at 0.107. Moreover, the residual matrix indicated a high residual
correlation of 3.9 between the first two items. These two items are also
items in the aid stigma scale: “If I wear an aid, people will probably
think I’m a bit stupid” and “It would embarrass me to wear a hearing
aid”. Removing the first of these two items resulted in acceptable val-
ues for RMSEA=0.0780, NNFI=0.935 and CFI=0.961. Residual correla-
tions ranged from -0.6 and 1 supporting the assumption of local inde-
pendence. The S–c2 matrix indicated that item p5 compromised model
fit. Removal of this item resulted in acceptable fit statistics and resid-
ual correlations ranging from -1.1 to 1.7 and the S–c2 statistics indicat-
ed acceptable item fit. However the estimated discrimination parame-
ter of item p2 was low at 0.6 as visualized in Figure 1. The other four
items have acceptable discrimination parameters ranging from 1.1 to
2.7. Item p3 distinguishes itself from the other items by having much
lower threshold values with its information being to the left of those of
the other four items as can be seen in the middle left panel of Figure 2.
Item p4 not only has the highest information peak but appears to pro-
vide more information in the middle of the trait scale. 

Item p3 was tagged for non-uniform DIF by the OLR method for all
three comparisons. Taking the remaining four items as anchor indicat-
ed non-uniform DIF for this item. However, after adjustment for multi-
ple comparisons, this was no longer the case. Item p3 was also tagged
for uniform DIF for Comparison I and the OLR method for all three com-
parisons with four items again as anchor items. Uniform DIF was con-
firmed for item p3 for Comparison I. 

Evaluation of the assumptions for IRT estimation for the reduced
four item scale indicate even better fit statistics with residual correla-
tions now ranging between -1.4 and 1.4. The IRT model of the four
remaining items generated discrimination parameters ranging from
0.8 to 2.1, with acceptable S–c2 item fit statistics. In the center and
middle panel of Figure 2 the item information curves of the reduced
scale show a drop in the peak of item p4 and a slight increase in item
p2. In the right middle panel of this figure the total information curves
for the derived four item scale which peaks at 3.0, is shifted to the right
of that of the five item scale which peaks at 3.6. In Figure 3 it can be
seen that the reduced scale has lower standardized scale scores within
the hearing aid group and generally higher scores in the non-hearing
impaired group.

Aid unwanted scale
The CFA loadings of the 5 item aid unwanted scale were highly sig-

nificant while RMSEA was 0.0306, NNFI=0.96 and CFI=0.98. The mean
trait scores per successive response category were non-decreasing.
Standardized residual correlations ranged from -2.1 to 1.2 in the CFA
model while the L-D matrix produced a standardized residual coeffi-
cient of 3.3 between items au2 and au3 suggesting potential dependen-
cy between these two items, but it was decided this was not large
enough to remove either item from the scale. Fit at the item level was
supported by acceptable S–c2 statistics. In the ICC curves presented in
Figure 1 it can be seen that for items au1 and au3 the peak of the mid-
dle curve occurs at higher trait values and that au2 has the highest dis-
crimination parameter. In the bottom left panel of Figure 2 it can be
seen that item au2 has correspondingly the highest information peak
and moreover that the information provided is much greater than for
other items all along the trait scale. 

Non-uniform DIF was not detected for any of the five items for each
of the comparisons. The IRTLR method tagged au1 for uniform DIF for
Comparison II and the OLR method items au1 and au2 for Comparison
II. Subsequent analysis taking item au3, au4, au5 as anchor items, con-
firmed uniform DIF for au1 for Comparison II. 

Testing assumptions for the IRT modeling of these four remaining
items indicated excellent fit statistics and residuals ranging from -
0.007 to 0.007. The IRT model of the four remaining items generated
discrimination parameters above 1 except for item au5 at 0.7. There is

little difference in the relative information provided by these remain-
ing four items as can be seen in the bottom middle panel of Figure 2.
In the bottom right panel it can also be seen that there are negligible
differences between the total information curves for the model with 5
items and those obtained for the four-item model. In Figure 3 it can be
seen that the differences between the 5 and 4 item scales are relatively
small.

Discussion

The objective here was to derive scales from the HARQ to assess fac-
tors affecting the patient journey towards hearing rehabilitation for
use in hearing screening. Three scales, namely aid stigma, pressure and
aid unwanted, were evaluated according to fit, item fit and whether the
items within each scale demonstrate equivalence relative to experi-
enced hearing aid use and hearing impairment. 

The first item of the aid stigma scale, “If I wear a hearing aid people
will probably think I am stupid”, demonstrated non-uniform DIF for
Comparisons I (focal group is normal hearing persons) and II (focal
group is hearing aid users) and the second item: “It would embarrass
me to have to wear a hearing aid” demonstrated uniform DIF for
Comparison I (focal group is normal hearing persons). In the original
GRM scale calibration these two items had higher threshold values
than the other four items in this scale. This means that a positive
response to these two items occurs at a higher trait level. In other
words, an individual agreeing with these statements experiences rela-
tively more stigma than persons agreeing with the content of the other
scale items. When comparing the standardized scores of the six and the
reduced four item scales, the largest disparity between the two scores
were in the hearing impaired groups with lower scores when the first
two items are deleted. Relatively the largest “agree” or “partly agree”
responses occur in the hearing aid group, followed by the hearing
impaired group with the non-hearing impaired group only responding
affirmatively to this item for less than 10% of the cases. The fact that
hearing impaired persons respond relatively more affirmatively to this
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Figure 3. Comparison of scale scores for original and final
reduced scales for three groups per scale.



statement possibly illustrates the increased risk of a negative hearing
aid image with increasing hearing impairment and it is therefore not
a good item to keep in a scale to assess hearing aid stigma, as it
appears to be influenced by level of hearing impairment.

Confirmatory factor analysis indicated that the first two items of the
seven-item pressure scale were not locally independent. These two
items, both items in the aid stigma scale, are then highly correlated
within the pressure scale. Removal of the first item improved the fit
considerably. IRT calibration of the remaining six items indicated that
item p5: “I feel I have been pressured into having my hearing assessed”
had a highly significant S–c2 statistic, indicating that removing this
item improved the fit of the scale. Item p5 pertains to experienced pres-
sure but differs from two other items directly pertaining to experienced
pressure, namely p6: “I have come here about my hearing in order to
please someone else” and p7: “It is due to pressure from my family or
friends that I am having my hearing assessed” in that the words “I feel”
in p5 may add an emotional component.

The DIF analysis was conducted on the scale with items p2, p3, p4,
p6, and p7. Uniform DIF was confirmed for item p3 when the focal
group was the non-hearing impaired group. Lower threshold parame-
ters were obtained for the non-hearing impaired group for this
reversed item (p3) “I don’t consider it important to be assessed for a
hearing aid” suggesting that unimpaired persons will interpret this
item differently than hearing impaired persons. For non-hearing
impaired persons this is most likely an affirmation that they are not
experiencing problems while for hearing impaired persons it may indi-
cate a resistance to the pressure they are experiencing from others.
This is in line with the study by Duijvestijn et al.14 where 51% of the
non-consulters had reported that others had complained about their
hearing. Examination of the total information scales for the five and
reduced four-item scale shows a shift to the right in information and a
slight drop in maximum peak from 3.6 to 3.0. 

Toland discusses the usefulness of inspecting information curves to
identify redundant items.42 In light of this it is interesting to note how
close together the item information curves of p6 and p7 are. This of
course reflects the similarity in estimated thresholds of these two
items, suggesting that these two items could be used interchangeably.
Since shorter scales are considered more desirable it could be argued
that item p7 be dropped since item p6 has the higher discrimination
parameter and correspondingly a higher item information curve, being
slightly higher all across the trait scale. Since the object of this study
was to remove items exhibiting DIF, item p7 has been retained. If sub-
sequent validation research using another sample indicates that this
item is redundant, it should be removed. 

The CFA and GRM calibration of the scale aid unwanted had very
acceptable statistics. The DIF analysis confirmed uniform DIF for the
first item, au1, when the focal group is the hearing aid user group. This
item: “It would embarrass me to have to wear a hearing aid” was also
an item in both the aid stigma and pressure scales. This item had rela-
tively larger estimated threshold values than the other 4 aid unwanted
items. The DIF analysis indicated that lower threshold values were
obtained for the hearing aid group indicating that a person with a hear-
ing aid is more likely to agree with this statement than a person with-
out a hearing aid at the same trait values. Dropping this item, au1,
from the scale resulted in a scale with acceptable fit statistics and esti-
mated parameters, with only one item having a modest discrimination
parameter of 0.7. This item, au5: “I am willing to try a hearing aid but
I don’t think a hearing aid will be of much help to me” addresses two
topics, namely willingness to try a hearing aid and expected benefit.
The ambiguity of the focus of this question may in part explain the
modest discrimination parameter obtained. It could be questioned
whether this item should be maintained in this form. It is ambiguous
because it targets two subjects: willingness to try a hearing aid and
expected benefit. The first part of this item could be presented as an

independent item followed by the second part. Then it would be clear to
what extent expected benefit is dependent on willingness. A research
area to be pursued further is to determine latent variables quantifying
perceived benefit possibly targeting functional aspects of improving
hearing and cost. 

It is important to keep in mind the direction of the scales examined
here. For the scales aid stigma and aid unwanted, higher scores reflect
more resistance to hearing rehabilitation and thus a greater barrier to
hearing aid uptake. Higher scores for the pressure scale reflect experi-
encing more limitations observed by (significant) others which were
found by Meister et al.43 to be the most strongly related to intention for
hearing rehabilitation. The pressure scale can be viewed as a facilitat-
ing factor pushing the hearing impaired individual toward
Manchaiah’s movement stage. From then on, however, there are intrin-
sic factors determining whether rehabilitation is initiated and subse-
quently successful. The intrinsic factors considered here are hearing
aid stigma and perceived benefit. Although they are relevant they are to
some extent rooted in personality attributes, which play a role in help-
seeking and successful rehabilitation.5

There was one scale however in the original HARQ which addressed
‘expectation’ that presented problems when determining the factor
structure in the present sample.25 These problems could be attributed
to these items not being appropriate for our sample of respondents.
These items had been formulated for the objectives of the original
HARQ to assess expectation at initiation of hearing aid uptake,
addressing matters such as how long it would take to become accus-
tomed to an aid. Items which address perceived benefit would be more
suitable in a hearing screen such as items in the aid unwanted scale
like item au2: “From what I know, hearing aids don’t help a great deal”. 

It has also been proposed by Wallhagen13 that routine hearing
screening and referral would facilitate valuing hearing loss as a com-
ponent of overall health. Furthermore it has been suggested that the
combination of audiometric measure accompanied by questions
regarding experienced hearing problems would filter out those persons
who would benefit from hearing rehabilitation. Given that there are
other factors not related to experienced hearing which play a role in
readiness for hearing aid uptake, a hearing screen should include
items or scales which address hearing aid stigma, experienced pres-
sure to initiate hearing rehabilitation and perceived hearing aid bene-
fit. In this paper methods have been applied to obtain scales quantify-
ing these factors.

Conclusions

In this paper we have examined items in scales addressing factors
that may either impede or encourage hearing rehabilitation. The items
were from the HARQ questionnaire that was originally developed as a
tool to improve hearing rehabilitation primarily for counseling purpos-
es. Here questionnaire scales were derived to address factors, other
than experienced hearing ability, which play a role in readiness to seek
or obtain help for hearing impairment. IRT methodology was applied to
reduce scales to only include items demonstrating measurement equiv-
alence independent of hearing aid use and hearing impairment and
also to include items displaying good discriminatory ability along the
trait scale for implementation in a hearing screen instrument. A follow-
up step is to investigate these refined scales relative to various levels
of hearing impairment and to hearing aid ownership, in an effort to
gain understanding regarding the patient journey toward hearing reha-
bilitation. Moreover, the scales derived and refined here should be val-
idated with another sample. 
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