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Abstract

Obijectives: This study developed the Mandarin Chinese version of the Aging Voice
Index (AVI), with preliminary validation of the scale for potential clinical applications.
Study Design: Scale development.

Methods: The experimental procedure involved: (1) cross-cultural adaptation of the
original AVI into the Mandarin Chinese version (CAVI); (2) evaluation by expert panel;
(3) back translation; (4) pilot testing; (5) development of the final CAVI; (6) scale vali-
dation with 68 older adults of 60-89 years old (29 females and 39 males), 34 with
voice disorders and 34 age-matched with normal voice. Internal consistency reliabil-
ity, test-retest reliability, content validity, criterion-related validity, and discrimina-
tory ability (diagnostic accuracy) of the CAVI were evaluated.

Results: There were high internal consistency (Cronbach's alpha = 0.9733), high
test-retest reliability (intraclass correlation coefficient = 0.9578, p < 0.01), high con-
tent validity (content validity index = 0.9710), high criterion-related validity
(Pearson's r=0.9439, p <0.01 between CAVI and Voice Handicap Index-10;
r = 0.8070, p < 0.01 between CAVI and voice-related quality of life [V-RQOL]), and
significant difference in CAVI scores between the two groups with huge effect size
(t(34.69) = —11.59, Cohen's d = 2.81, p < 0.001). Receiver operating characteristic
analysis revealed a high diagnostic accuracy of the CAVI, with an area under the
curve of 0.9974 (p < 0.001) and a cut-off score of 12.0 with 100% sensitivity and
97.1% specificity.

Conclusion: Our findings suggested that the CAVI could be a reliable and valid stan-
dardized self-assessment questionnaire tool for clinical evaluation of the impact of
voice problems specifically for Mandarin-speaking older adults. Further studies
should explore a full-scale validation of the CAVI for being a standard clinical tool,
including for older adults in Mainland China.

Level of evidence: 3b (case-control study).
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1 | INTRODUCTION

Aging has a significant impact on the structures and functions of vari-
ous systems of the body, including voice production.®™ The preva-
lence of voice disorders in older adults can be much higher than that
in younger adults.>"® In addition to objective clinical assessment of
vocal function, an individual's own perception of voice problems and
their impact on daily life is equally important for a comprehensive
management of voice disorders.” ! Patient-centered outcome mea-
sures and self-assessment rating scales have become increasingly
important for objectively evaluating the physical, functional, and psy-
chosocial impact of vocal impairment in individuals with or at-risk of
voice disorders.*?"** Various standardized questionnaires and scales
have been developed, including voice handicap index (VHI),*? voice-
related quality of life (V-RQOL),*® and the shortened VHI-10,'* with
VHI-10 and V-RQOL perhaps being the most widely used clinical
tools. Other tailored assessment tools for measuring vocal impairment
in specific populations have also been developed, including scales for

Children,15’16 17-19

and scales for singers and occupational voice users.

For older adults, it has been argued that existing voice-related
self-assessment tools might not be adequate for evaluating the impact
uniquely for them, because only younger participants were targeted
for validating existing scales.**22! To address this issue, the Aging
Voice Index (AVI) was developed specifically for evaluating the unique
aspects of vocal impairment in older adults, validating the scale on
92 older adults of 60-92 years old (20 with no history of voice prob-
lems and 72 with voice disorders) while demonstrating high reliability
and validity.?* There are 23 items (questions) in the AVI, with partici-
pants rating each item on a five-point Likert scale (0-4) based on
one's self-perception of the frequency of occurrence, yielding a total
score of 0-92 where higher scores would indicate more significant
impact of vocal impairment.?*

To date, three cross-cultural adaptations of the AVI have been
developed for non-English-speaking populations, including Korean,
Persian, and Arabic versions.?272* Yet no cross-cultural adaptations of
the AVI have been developed for Mandarin speakers so far. Existing
Mandarin versions of VHI-10 and V-RQOL developed for clinical
applications in Taiwan were not designed nor validated specifically for
older adults, either.2>2¢ The goal of this study was to culturally adapt
the AVI into Mandarin Chinese (CAVI) for potential clinical use, espe-
cially for Mandarin-speaking populations in Taiwan, and to conduct a
preliminary validation. The hypothesis was that CAVI would be reli-
able and valid, capable of differentiating older adults with voice disor-

ders from those without.

2 | MATERIALS AND METHODS
21 | Development of Mandarin Chinese version of
the AVI

With permission for cross-cultural adaptation from the author of the

original AVI, the English AVI was translated into Mandarin Chinese by

a bilingual speech-language pathologist (SLP) with 27 years of experi-
ence in the management of voice disorders, yielding the first CAVI
draft. The principle of translation and adaptation was to preserve the
original meaning as much as possible while adapting the wordings spe-
cifically for the cultural context of Taiwan.?”2® This first draft was
examined by an expert panel of four bilingual SLPs and two bilingual
laryngologists (with 13-40 years of experience in the management of
voice disorders) for content validity. The panel evaluated the accuracy
of cross-cultural adaptation, including consistency, readability, and
cultural appropriateness of the terms and sentences for each of the
23 items, scoring them on a four-point Likert scale with rating scores
of 1-4, allowing for computation of the content validity index
(CVI1).2920 By integrating comments and suggestions of the expert
panel, the first consensus version of the CAVI was developed with
slight modifications in wordings for 6 of the 23 items (for the other
17 items, all panel members agreed that the first draft was perfect).
This consensus version was back translated into English by a bilingual
translator and was compared with the original English AVI. The back
translation showed a strong resemblance to the English version as
quantitative single-word analysis showed that 94% of the wordings
were identical or equivalent, suggesting that the original meaning was
preserved. The CAVI was then subjected to pilot testing.

Pilot testing was conducted to ensure that the CAVI can be com-
prehended by older adults with no background in voice disorders, to
provide feedback on wordings of the scale from a lay perspective,?®
and to estimate the time required for completion. It was completed by
five older adults above 60 (three males and two females) who did not
participate in the full study. All participants completed the question-
naire smoothly, with one of five participants a bit confused while
completing the final five reversely coded items (items 19-23), requir-
ing brief explanation and clarification. The time required to complete
the CAVI was 8-10 min, with 1-2 min for instructions and 7-8 min
for actual completion of the scale. Based on participant feedback, no
changes were necessary for all 23 items, yielding the final version of
the CAVI (Table Al).

2.2 | Participants
Written informed consents were obtained from all participants. The
experimental protocol of this study was approved by the Research
Ethics Review Committee of Far Eastern Memorial Hospital in Taiwan
(approval number 110038-E). There were 68 participants, with 34 in
the disorders group (12 females, 22 males) with a variety of voice dis-
orders (including benign lesions, chronic laryngitis, vocal fold atrophy,
vocal fold paralysis and paresis, scarring and sulcus vocalis), and 34 in
the control group (17 females, 17 males) age-matched to those in the
disorders group (Table 1). There were no significant differences in age
between the two groups as a whole, and separately for female and for
male participants (Table 1).

Participants in the voice disorders group were recruited from
among regular voice clinic patients based on these inclusion

criteria: (1) at or above 60 years old according to the definition of
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Disorders group
Control group age in age in years
Participants years (means * SD) (means £ SD)
Male 66.88 + 651 67.55 + 6.32
(h=39) (h=17) (h=22)
Female 69.29 + 7.43 66.67 + 6.49
(n=29) (hn=17) (hn=12)
Total 68.09 + 6.99 67.24 + 6.29
(n = 68) (n = 34) (n = 34)

Note: SD = standard deviations.

“older people” by the World Health Organization;>! (2) formal diagno-
sis of dysphonia by a board-certified laryngologist; (3) self-perceived voice
problems, as determined by VHI-10 score (Mandarin version) »5:2>32
(4) being literate to comprehend and complete the questionnaire, as
assessed by a short screening interview. Participants in the control group
were recruited from local community colleges, churches, and senior citizen
centers, based on these inclusion criteria: (1) at or above 60 years
old;® (2) no history of voice disorders, head and neck diseases, and
other medical conditions that may affect voice production; (3) nor-
mal voice quality based on informal auditory-perceptual evaluation
with the GRBAS rating scale during a short screening interview;
(4) no self-perceived voice problems, as determined by a VHI-10
score (Mandarin version) below 5;2532 (5) being literate to compre-
hend and complete the questionnaire.

All participants completed (1) Mandarin version of VHI-10;?
(2) Mandarin version of V-RQOL;2¢ and (3) the CAVI independently.
All participants completed the three scales in person on paper, instead
of online to avoid any potential effects due to variations in the format
of questionnaire administration. The time it took for all participants to
complete the CAVI was 10 min on average, with 1-2 min for instruc-

tions and 7-8 min for actual completion.

2.3 | Data analysis

Statistical analysis was conducted with IBM SPSS version 22.0. A
p value of <0.05 (two-tailed) was considered statistically significant.
Scores obtained for the three scales for all 68 participants were

described with means and standard deviations (SD).

2.4 | Internal consistency reliability
The Cronbach's alpha coefficient examines whether the items of a scale
are measuring the same phenomenon by quantifying the extent to which

33735 and was used to assess

the items are correlated with one another,
internal consistency. To evaluate the impact of individual items on inter-
nal consistency, item analysis for all items of the CAVI was conducted by
(1) corrected item-total correlation analysis (with Pearson's r), that is, cor-
relations between each item and the overall CAVI without the item itself

(corrected point-biserial correlations); and by (2) successively removing

Student's t TABLE 1 Ageand gender
(degrees of dlstr.|t?ut|ons of two groups of
freedom) p participants, with results of Student's
t tests on difference in age between
~0.3209 (37) 0.7501 the groups.
0.9869 (27) 0.3324
0.5290 (66) 0.5986

each item at a time while examining changes in Cronbach's alpha for the
rest of the CAVIL.

2.5 | Test-retest reliability

For evaluating test-retest reliability, 21 participants were randomly
selected from among all participants to complete the CAVI for a sec-
ond time after 1 week,%® consistent with the validation study for the

original AVI.2*

To evaluate test-retest reliability, intraclass correlation
coefficients (ICC) and their 95% confidence intervals (Cls) were calcu-
lated with a consistency, absolute-agreement, single-measures, two-
way mixed-effects model 3”8

2.6 | Content validity

Content validity was quantified by the CVI calculated from rating
scores of the expert panel, specifically item-level CVI for each of the
23 items, determined as the number of rating scores of 3 or 4 for that
item divided by the total number of experts (6) as an indication of the
degree of consistency in opinion among the experts.?**° A total CVI
was obtained as the average of the item-level CVI values; with total
CVI at or above 0.80 indicating acceptable consistency among the

experts, or high content validity.2?-*°

2.7 | Criterion-related validity

Criterion-related validity of the CAVI was established based on the
extent to which CAVI scores were correlated with scores of two exist-
ing Mandarin versions of standardized self-assessment tools, VHI-10,
and V-RQOL.?>?% Pearson's correlation coefficient r was calculated to
determine the correlations between CAVI scores and VHI-10 and
V-RQOL scores.

2.8 | Independent samples t tests
To examine construct validity, independent samples t tests were con-
ducted to determine if there were any group differences in CAVI

scores, that is, whether there were any significant differences in
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CAVI scores between the voice disorders group and the control

group.

29 |
analysis

Receiver operating characteristic (ROC)

ROC analysis was performed to determine the discriminatory ability
or diagnostic accuracy of the CAVI to differentiate older adults with
voice disorders from those without, with calculation of the area under
the curve (AUC) in the ROC plot.*?"#* Youden's index (J = sensitivity
+ specificity — 1) analysis was used to determine the optimal cut-off
(threshold) score for distinguishing between older adults with and
without voice disorders, with the cut-off point established at maxi-
mum Youden's index, that is, with a maximum vertical distance
between the ROC curve and the reference line in the ROC plot, a

widely used approach.**

3 | RESULTS

3.1 | Internal consistency reliability

A Cronbach's alpha value of around or above 0.9 can be considered
desirable for clinical assessment tools.>#° The Cronbach's alpha value
for the CAVI was 0.9733, indicating high internal consistency. Results
of corrected item-total correlation analysis showed correlation coeffi-
cients from 0.448 to 0.913 for individual items, indicating significant
associations between each item and the overall CAVI excluding the
item, that items were consistent in measuring the same construct.
Results of item analysis showed minimal decreases or increases in
Cronbach's alpha values (with magnitude <0.002) with the successive
removal of each item, indicating high internal consistency among all
23 items (Table 2).

3.2 | Test-retest reliability

ICC analysis was used to investigate the correlation between test
scores and retest scores, completed by 21 participants with a 1-week
interval in between (5 males and 7 females in the control group;
4 males and 5 females in the disorders group). The ICC value with
95% Cls for the test-retest CAVI scores was 0.9578 [0.8991, 0.9827]
(p < 0.001), indicating excellent test-retest reliability among the two

completions.>”-%8

3.3 | Content validity

Content validity was quantified by item-level CVI values for each of
the 23 items. Results showed item-level CVI values of 0.8333 for 4 of
the 23 items (items 2, 15, 20, and 22), and 1.000 for the other 19 items
of the CAVI, yielding a total CVI value of 0.9710 (Table 3). This finding

TABLE 2 Internal consistency reliability of the CAVI with results
of corrected item-total correlation and item analysis (Cronbach's alpha
for removal of each item).

Cronbach's alpha if

Corrected item-total item was removed

Item correlation coefficient® from the CAVI®
1 0.799 0.972
2 0.817 0.972
3 0.864 0.971
4 0.886 0.971
5 0.866 0.971
6 0.767 0.972
7 0.837 0.972
8 0.913 0.971
9 0.907 0.971
10 0.827 0.972
11 0.641 0.973
12 0.895 0.971
13 0.770 0.972
14 0.697 0.973
15 0.827 0.972
16 0.877 0.971
17 0.520 0.974
18 0.870 0.971
19 0.618 0.973
20 0.821 0.972
21 0.695 0.973
22 0.448 0.974
23 0.677 0.973

®The corrected item-total correlation for each item represented the
association between the item and the overall CAVI excluding the item.
bCronbach's alpha of the CAVI with all 23 items = 0.9733.

suggested very high content validity for all 23 items of the CAVI, as CVI
values of 20.80 can be considered as high content validity, that is, high

relevance of the items and high consistency among the experts.2*°

3.4 | Criterion-related validity

Criterion-related validity of the AVI was established by correlating
CAVI scores with scores of Mandarin versions of V-RQOL and VHI-
10. Table 4 shows the correlation results for all 68 participants, with
Pearson's r = 0.8070 between CAVI and V-RQOL (p < 0.01), 0.9439
between CAVI and VHI-10 (p < 0.01), and 0.8549 between V-RQOL
and VHI-10 (p < 0.01). For 34 participants in the disorders group,
the correlation results were Pearson's r = 0.6484 between CAVI
and V-RQOL (p <0.01), 0.8668 between CAVI and VHI-10
(p < 0.01), and 0.7453 between V-RQOL and VHI-10 (p < 0.01).
These Pearson's r values can be considered as high to very high

levels of correlation.*?
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TABLE 3 Item-level content validity index (CVI) values for 23
items of the CAVI.
Items Questions (back translated into English) Cvi
1 People ask, “What is wrong with your voice?” 1.000
2 Because of my voice problem, others often 0.8333
cannot hear me.
My voice problem frustrates me. 1.000
4 My voice problem leads me to run out of air when ~ 1.000
| talk.
5 | feel frustrated with changes in my voice. 1.000
6 Other people thought | am sick because of my 1.000
voice problem.
7 Because of my voice problem, | talk less. 1.000
8 | feel effortful when | speak. 1.000
9 I am annoyed when my voice is not working. 1.000
10 My voice problem affects what | want to do. 1.000
11 Other people judge me negatively because of my 1.000
voice.

12 I am worried about my voice. 1.000
13 Because of my voice problem, | have to stop 1.000
participating in activities that are important to

me (e.g., singing, volunteering, working, etc.)
14 Because of my voice problem, other people will 1.000
finish my talk for me.
15 | do not like the way my voice sounds. 0.8333
16 My voice problem makes me feel sad. 1.000
17 | completely lost my voice. 1.000
18 | feel obstructed due to my voice problem. 1.000
19 | can talk on the phone as much as | want. 1.000
20 | like the way my voice sounds. 0.8333
21 | can talk as much as | want, for as long as | want. 1.000
22 My family and friends understand what | talk 0.8333
about.
23 My voice is as good as | want it to be. 1.000
Total CVI for the CAVI 0.9710

3.5 | Independent samples t tests

Mean CAVI scores were 2.35 + 2.99 for the control group and 39.97
+ 18.69 for the voice disorders group, with a significant difference
between the two groups with a huge effect size (t(34.6921)
= —11.5876, Cohen's d = 2.8104, p < 0.001),*® supporting the con-
struct validity of the CAVI.

3.6 | ROC analysis

Figure 1 shows ROC curves based on CAVI scores and V-RQOL
scores of all 68 participants. For CAVI scores, the AUC was 0.9974
(95% Cls: 0.9910-1.0000) (p < 0.001), indicating an outstanding dis-
criminatory ability or diagnostic accuracy.*>** Youden's index analysis

TABLE 4 Correlations among CAVI scores, V-RQOL scores, and
VHI-10 scores for all participants (n = 68).

Pearson's r CAVI V-RQOL VHI-10
CAVI -
V-RQOL 0.8070** -
VHI-10 0.9439** 0.8549** -
**p < 0.01 (two-tailed).
1.0 —
Ili //
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FIGURE 1 Receiver operating characteristic (ROC) curves for

Mandarin Chinese version of Aging Voice Index (CAVI) scores (dotted
line) and for Mandarin version of Voice-Related Quality of Life (V-
RQOL)?¢ scores (solid line) to distinguish between the voice disorders
group (n = 34) and the control group (n = 34) (diagonal dashed line is
the reference line with area under the curve = 0.5).

identified an optimal CAVI cut-off score of 12.0, with 100% sensitivity
and 97.1% specificity.3*~** For V-RQOL scores, the AUC was 0.9650
(95% Cls: 0.9218-1.000) (p < 0.001), indicating a lower but still out-
standing discriminatory ability or diagnostic accuracy.***! Youden's
index analysis identified an optimal V-RQOL cut-off scores of 10.5,
with 97.1% sensitivity and 85.3% specificity.’” ** As V-RQOL scores
are expressed in integers, the V-RQOL cut-off score was rounded off
as 11.0.

4 | DISCUSSION

41 | Reliability of the CAVI

Cronbach's alpha values of 0.9 or above can be considered desirable
for clinical assessment tools.>*%°> Cronbach's alpha values of 0.949,
0.832, 0.83, 0.954, and 0.9733 were found for the original English
AVI,21 KAVI, 22 P-AVI, 2% A-AVI,?* and CAVI in this study, respectively.
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TABLE 5 Summary of scores (means + variability) for different versions of the Aging Voice Index across participant groups.
AVI scores (means + variability?®)
Control group Voice disorders Statistical analysis
Versions of AVI (sample size) group (sample size) results
Original AVI*! 6.050 + 3.167 35.652 + 3.40° Least mean squares with
Tukey test (results not specified)
(n = 20) (n=72) p < 0.0001
KAVI?2 8.51 + 1.685 33.68 + 9.561 t = —23.004 (effect size not specified)
(n = 100) (n=111) p < 0.001
P-AVI?® 1.05 £ 1.05 38.70 £ 10.71 Mann-Whitney U test (U not specified)
(n = 20) (n = 85) p < 0.001
A-AVI** 2.84 £ 5441 40.68 £ 22.195 (results not specified)
(n=77) (h=82) p < 0.001
CAVI 2.3529 + 2.9938 39.9706 + 18.6912 t (34.6921) = —11.5876
(this study) (nh = 34) (h=34) Cohen's d = 2.8104

p < 0.001

Abbreviations: AVI, Aging Voice Index; KAVI, Korean version of AVI; P-AVI, Persian version of AVI; A-AVI, Arabic version of AVI.

2Variability was expressed in standard deviations for all studies, except for the original AVI where variability was expressed in standard errors.

Only mean AVI scores for individual diagnostic categories were reported in Etter et al.,?* but not mean scores for all 72 participants with voice disorders.
The mean AVI scores * standard errors here were calculated from their reported figures.

These values of Cronbach's alpha indicated high internal consistency,
especially for the original version, Arabic version, and the CAVI. Cor-
rected item-total correlations (corrected point-biserial correlations)
indicated that all individual items of the CAVI were well correlated
with the entire scale without the items themselves (Table 2). Item
analysis results also suggested high internal consistency among all
23 items of the CAVI, with only minimal changes in Cronbach's alpha
upon successively removing each item (Table 2).

For evaluating test-retest reliability, the time interval separating
two completions of standardized questionnaire tools is typically 1 to
2 weeks.>® An ICC value (with 95% Cls) of 0.9578 (0.8991, 0.9827)
(p < 0.001) was found between the first and the second completions
separated by 1 week, suggesting that the two completions of the
CAVI by the same 21 participants were highly reliable with each other,
indicating excellent test-retest reliability. This was comparable to
those for other versions of AVI (with ICC values of 0.952, 0.851, 0.95,
0.987 for the original AVI, KAVI, P-AVI, and A-AVI, respectively).

4.2 | Validity of the CAVI

For evaluating content validity of standardized questionnaire tools, a
minimum of five experts in a panel has been recommended.?’ There
were six experts in this study, yielding item-level CVI of 1.0 for 19 of
the 23 items, which indicated perfect agreement among the experts
for those items; and 0.8333 for the other 4 items, still considered as
high content validity.?**° A total CVI value of 0.9710 was found for
the CAVI, suggesting that all items were considered highly relevant
and valid among members of the expert panel (Table 3). Regrettably,
CVI values were not reported for all other versions of AVI to allow for

quantitative comparisons with our current findings.

On criterion-related validity, high to very high levels of correlation
were observed between CAVI scores and the scores of two currently
available standardized Mandarin-version questionnaires, V-RQOL and
VHI-10 (Pearson's r ranging from 0.8070 to 0.9439 for all 68 partici-
pants; 0.6484 to 0.8668 for 34 participants with voice disorders)
(Table 4), indicating high criterion-related validity for the CAVI.*?
These levels of correlation were comparable to those of other ver-
sions of AVI being correlated to their respective versions of V-RQOL
or VHI-10, including the original AVI (r = 0.879 with V-RQOL), KAVI
(r = 0.994 with V-RQOL), P-AVI (r = 0.86 with V-RQOL), and A-AVI
(r = 0.89 with VHI-10).

On construct validity, results of independent samples t tests
showed that the disorders group demonstrated significant higher
CAVI scores than the control group (mean scores of 39.97 vs. 2.35),
with the difference being highly significant with a huge effect size
(Cohen's d = 2.8104).*3 This was consistent with previous versions of
AVI, where significant differences in AVI scores were also found
between older adults with and without voice disorders. The range of
scores was also consistent with previous versions of AVI, with mean
scores at or below 8.51 for older adults with normal voice in other
versions of AVI, and mean scores ranging from 24.50 to 40.68 for
those with voice disorders in the original AVI, KAVI, P-AVI, and A-AVI
(Table 5).

4.3 | ROC analysis

Results of ROC analysis examining the discriminatory ability or diag-
nostic accuracy of the CAVI showed an AUC of 0.9974, indicating
outstanding diagnostic accuracy for distinguishing between the two
participant groups.*® AUC values can range from O to 1.0, with
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TABLE 6 Distributions of CAVI scores in the two participant groups.
Range of AVI scores 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 >80
Control group (n = 34) 33 1 0 0 0 0 0 0 0
Voice disorders group (n = 34) 0 6 4 7 8 3 3 2 1

0 indicating a perfectly inaccurate test, 1.0 indicating a perfectly accu-
rate test, 0.5 suggesting no discrimination, 0.7 to 0.8 considered
acceptable, 0.8 to 0.9 considered excellent, and >0.9 considered as
outstanding discriminatory ability.*>** An ROC plot depicts sensi-
tivity in the y-axis (true positives) and (1 — specificity) in the x-axis
(false positives), with an ROC curve at the upper left corner indicat-
ing perfect classification.®?~*! Figure 1 shows a higher discrimina-
tory ability for the ROC curve based on CAVI scores than that
based on V-RQOL scores of the 68 participants, corresponding to
the difference in their AUCs (0.9974 vs. 0.9650). This suggested
that the CAVI might be a more sensitive self-assessment tool than
the V-RQOL for older adults, consistent with the argument that the
CAVI could be more tailored than other existing assessment tools
for evaluating the impact of vocal impairment on quality of life in
older adults.1120-21

Youden's index analysis revealed a preliminary optimal cut-off
score of 12.0 for the CAVI for distinguishing between older adults
with and without voice disorders. As the total scores of CAVI can
range from O to 92, a cut-off score of 12.0 may seem to be quite low
within the score range, and could be related to the distributions of
scores for our participants. Table 6 shows the score distributions,
where it can be seen that the scores of almost all (33 of 34) partici-
pants in the control group were in the range of 0-10; whereas for the
voice disorders group, the scores of a majority of participants (24 of 34)
were in the range of 30 to 83. Given such vastly different distributions
of scores for the two participant groups, it was not surprising to yield a
low cut-off score of 12.0 for the CAVI. Regrettably, no ROC analysis
was conducted in the validation studies for the other versions of
AV|.21724

An obvious limitation of the current study was the relatively small
sample size (68 participants), which was not adequate for a full valida-
tion of the scale. This study should therefore be considered as prelimi-
nary validation, with a large-scale study needed for fully validating the
CAVI. A comprehensive review article on psychometric validation
studies of patient-reported outcomes measures (standardized ques-
tionnaires and scales) suggested that “subjects to items ratio” has
been a frequently used index for determining the required sample size

4 with the recommended

for validation studies in the literature,*
ratio ranging from 2 to 20 subjects per item.*>#¢ With 68 partici-
pants and 23 CAVI items in this study, our subjects to items ratio
was 2.9565, near the lower limit of the recommended range and
likely resulting in insufficient statistical power for minimizing type Il
error. A second limitation was that participants in the disorders
group had a variety of voice disorders, where differences in their
impacts could be a confounding factor affecting the CAVI scores. A
third limitation was that the inclusion criteria for participants in the

control group were primarily based on the self-perception of

normal voice (as determined by VHI-10 scores) and by auditory-
perceptual evaluation of normal voice quality, without more objec-
tive voice assessment. Future studies validating the CAVI should
involve objective assessment approaches such as endoscopic
examination and acoustic analysis as part of the participant recruit-
ment process.

5 | CONCLUSION

Preliminary findings suggested that the CAVI could be a proper self-
assessment tool for evaluating the specific and unique impact of vocal
impairment in Mandarin-speaking older adults, capable of distinguish-
ing between older adults with and without voice disorders, with a pre-
liminary optimal cut-off score of 12.0. Further studies with a larger
sample size are recommended for fully validating the CAVI. In addi-
tion, further studies should also target adaptation and validation of
the CAVI specifically for Mandarin-speaking older adults in China, as
there are certain linguistic and cultural differences in the usage of
Mandarin in Taiwan versus in Mainland China.
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APPENDIX A

TABLE A1 Mandarin Chinese version of the AVI (CAVI) in traditional Chinese characters

EFERIEHER 0 1 2 3 4

1. FIAERE: TRV T ? e R i " iz
2. FRRAVEERIE » B IR HavE s TR R ik e WR
3. FhivEE IR e (=% A & G
4. FRiEE IR AR R SR 4 e R HE " HE
5. BRI A TR R i 8 W
6. BINEHRBIAR SRR - DUBTRAER T er (=% S &H HE
7. ERRTRERTE - Rt asE fer R I & M
8. FEERR{SE ) TR Rb HliF L HR
9. BEEIRIA IR (SR e R ik 8 Wz
10. Forgu s R B AR M == TR R HE & M
11, BIAEE RARAVE S TR A AmAETE e Rb HlF e W
12, FfE L BAEREIR fRer R I 8 Wz
13, ARSI - PV L s R BT e R HE " i

EB (FIEE. ST, TFE.EE)

14. ARFIERERIE - fI A g B HitsER T N R i & i
15, FAEEEAVE S TELARAIET fer Rb i e W
16. FRAVERE R R SR R (=% I wH Wz
17. Hoeekig 7 e R i _ iz
18. FRHIE S MRE R RS 2 FIIH R fer R ik e HR
HARARE LHNMEAE.. 4 3 2 1 0

19. FELUEHS D EEE# S ) [ R HF L W
20. WEEIIVE SIELAATHET TR R A 8 Wz
21, AL VEERtE S D - TS SOk S A e R HE _ M
22. W NFHF IR IS EBER T TR R HlF e W
23, FREVEERIERA AT e R A Qe Wz
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