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Abstract. Symptom frequency and severity in vestibular disorders often do not correlate well with patients’ restrictions of
activities of daily living and limitations of participation. Due to the lack of appropriate patient reported outcome measures
(PRO), the extent of limitations and restrictions is mostly unknown. The International Classification of Functioning, Disability
and Health (ICF) is a conceptual framework and classification to evaluate all aspects of health and disability. An ICF-based
measure, the Vestibular and Participation Measure (VAP), was recently proposed. Also, an ICF Core Set for vertigo, dizziness
and balance disorders was developed to describe what aspects of functioning should be measured. This study protocol describes
the development and cross-cultural validation of a new measure, the VAP-extended (VAP-e), based on VAP and ICF Core Set
on three continents. To determine objectivity and cross-cultural validity of the VAP and to find potentially redundant items,
Rasch models will be used. The VAP-e will be created by modifying or adding items from the Activities and Participation and
Environmental Factors component of the ICF Core Set. Reliability, objectivity and responsiveness of the VAP-e will be tested.
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1. Introduction
Vestibular disorders are disabling conditions that
can have a major impact on independence, employability, activities of daily living and overall quality of
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life [7,14,19,28]. More than ten percent of adults of
working age report some degree of disability related
to dizziness [20]. In the majority of cases, vertigo is
recurrent; about 80% of the affected persons report
severe impairment [21]. Taking into account all relevant aspects of functioning from the patient’s perspective is therefore essential to evaluate new treatments
and to convey the prognosis of the disease. There
are many clinical tests and measures to evaluate impairments on the level of signs and symptoms such
as reduced vestibulocular reflex gain, nausea, imbal-
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ance and dizziness. However, symptom frequency and
severity often do not correlate well with a patients’
ability to perform daily activities or participate in daily
life [29]. Also, environmental factors such as the construction of buildings or the characteristics of natural
surroundings [5] creating disorienting visual clues [25]
or the movement of large objects, disorienting lights or
sounds [6,22] can contribute to the burden of disability
caused by vertigo.
Although the disabling impact of vertigo is obvious,
the full extent and specific nature of limitations and restrictions in activities and participation is largely unknown. In a review of the most widely used vestibular measures Alghwiri et al. could show that none of
those measures are specialized in activities and participation or in quantifying the effect of environmental factors [1]. Another systematic review on studies in vestibular rehabilitation found that interventions
were mainly centred on symptoms but hardly on activities and participation outcomes [23]. Thus, it remains
a challenge to evaluate the true disabling impact of
vestibular disorders on functioning, i.e. on the totality
of body functions and structures, activities and participation in interaction with the environment as proposed
by WHO’s International Classification of Functioning,
Disability and Health (ICF).
The ICF is a conceptual framework to evaluate all
aspects of health and disability. Sections or single categories of the ICF can be used to create new measures.
To address issues of feasibility regarding the number
of categories to be assessed and the user perspective,
which typically consists of a health condition and/or
situation perspective, ICF Core Sets can be defined.
ICF Core Sets are selections of categories that describe
the most relevant and the most common aspects of
functioning as well as the most relevant environmental
factors for persons with specific health conditions or in
specific settings.
With the goal of putting salient ICF categories into
action under the roof of a common scale, the new
Vestibular and Participation Measure (VAP) was recently proposed [2]. Based on expert consensus and an
iterative Delphi process, 34 items were derived from
the ICF and validated in an ambulatory care setting
with excellent results on reliability, concurrent and
convergent validity. Still, objectivity of the scale remains to be shown. Objectivity is proven if a scale
will satisfy the axioms of additive conjoint measurement [18], i.e. if item responses of a scale can be added
to a meaningful single score. Also, cross-cultural validity has not been examined. Finally, a questionnaire

with 34 items might be too comprehensive for clinical routine. The analysis of objectivity also yields information about redundant items that may be dropped
without loss of information and may thus lead to a
more parsimonious scale.
Although there is vast literature on the application of
the ICF in various settings and health conditions [10,
12,13], the VAP is one of the few examples of its use in
vestibular disorders. To fill in this existing gap, an ICF
Core Set for vertigo, dizziness and balance disorders
was developed in an international consensus process
integrating information from empirical qualitative and
quantitative studies [9]. This ICF Core Set contains 31
categories from the components Body Function/Body
Structures, 40 categories from the component Activities and Participation and 29 categories from the component Environmental Factors. Also, a short form, the
Brief ICF Core Set for Vertigo, was created. Experts
felt that the selected categories from Environmental
Factors were of specific relevance, either as facilitating
factors (e.g., products and technologies such as walking aids) or as triggers or barriers. During the international approval process of the ICF Core Sets for Vertigo the participating experts recommended that the
next step should be the development of a new PRO
based on Core Set categories and on existing measures.
In the literature, several obstacles are brought forward when discussing the application of the ICF or
ICF Core Sets in clinical practice [11]. One of them is
the lack of standardized measures. The ICF provides
so called qualifiers for scoring single categories. Qualifiers are codes ranging from 0 to 4 quantifying the extent of a problem in reference to the data of an external population. Still, the ICF categories cannot be applied as measures “as they are”. They are lists of concepts indicating what could be measured but not how
to measure them. How to select appropriate measurement instruments based on ICF Core Sets requires several decisions, e.g. on the level of detail (single item
or item battery), on the addressee (self-report by patient or clinical assessment by health professional), or
on the desired psychometric qualities (sensitivity for
change, discrimination). New measures can be created
by modifying or adding items to existing measures.
New items can be written based on ICF categories. For
cross-cultural adaptation of the ICF, revisions are already available in multiple languages.
Creation of a PRO is an iterative process with several steps going from the identification of concepts to
item generation and instrument formatting to the assessment of the measurement properties of the instru-
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ment [8]. Despite content validity, new items and new
scales based on the ICF Core Set for vertigo still have
to undergo testing to prove their reliability and validity
clinically [9].
Regarding the application of the ICF for vestibular
disorders, comparing and combining the existing version or a new, modified version of the VAP with the
ICF Core Set might lead to a conceptually and psychometrically refined measure.
There are therefore three main objectives of this
study: (1) to determine objectivity and cross-cultural
validity of the VAP, (2) reduce the number of items in
the VAP to create a short form more amenable to clinical use (the VAP-s), and (3) to modify and extend the
VAP by modifying items, adding items from the Activities and Participation and Environmental Factors component of the ICF Core Set, and evaluating reliability, objectivity and responsiveness of the new measure
called the VAP-extended (VAP-e).

2. Methods
The study will have two phases. The first phase
serves to test for cross-cultural validity of the VAP,
potentially also to reduce the number of items of the
VAP. The second phase serves to extend the VAP by
ICF categories from the ICF Core Set and test this extended version psychometrically. Figure 1 gives a detailed overview of the two phases and the steps of the
project.
2.1. Phase 1. Testing objectivity and cross-cultural
validity of the VAP
2.1.1. Study design and sample
The cross-cultural validation study will be a multicenter survey with three centres on three different
continents, including patients from the United States
(Pittsburgh), Germany (Munich) and Jordan (Amman).
Individuals with vestibular disorders between the
age of 18–100 who have adequate command of the language of the respective country and provide informed
consent will be included. Individuals will be excluded
if they are unable to complete the questionnaire because of cognitive barriers or if an acute medical condition is associated with dizziness and requires immediate attention (e.g. acute myocardial infarction or
stroke). Participants will be asked to complete the VAP
during their initial visit to the University of Pittsburgh
Medical Centers Balance and Vestibular Clinic, the

Fig. 1. Flow chart of the testing and extension of the Vestibular and
Participation Measure (VAP).

outpatient dizziness clinic at the German Center for
Vertigo and Balance Disorders (IFBLMU) at LudwigMaximilians-Universität in Munich, and the Middle
East Center for Hearing and Balance, Amman. In each
centre, patients will be asked to complete the questionnaires before diagnostic procedures start.
The study was given ethical approval by the Institutional Review Boards of the respective institutions.
2.1.2. Measures
The VAP is a 34-item self-report questionnaire
based on the Activities and Participation component
of the ICF. This measure evaluates the effect of dizziness and/or balance problems on the ability to perform
activity and participation tasks. The difficulty is rated
without the assistance of other persons on each task.
The response scale of the VAP is set as a 5-point scale
indicating the level of difficulty (none = 0, mild =
1, moderate = 2, severe = 3, unable to do = 4, and
not applicable). The authors report that a total score of
the VAP can be obtained by calculating the average of
the item scale values after excluding the not applicable items. Reliability, concurrent and convergent valid-
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ity of the VAP were confirmed in patients attending a
tertiary balance clinic [2].
In addition, convergent validity will be appraised
by the Dizziness Handicap Inventory (DHI) [15]. The
DHI addresses self-perceived handicap due to vestibular disorders. The score ranges from 0 to 100, with a
higher score indicating greater handicap.
To describe the study sample, vestibular test results
symptom severity as assessed by the Vertigo Symptom Scale VSS [29], the diagnosis made by the neurotologist based on common diagnostic guidelines [4],
and anamnestic (medication, comorbidities) and demographic data (gender, age, education) will be recorded.
2.1.3. Statistical analyses
Data from individual countries will be analysed separately and as pooled data. Analyses make use of
the theory of the Rasch unidimensional measurement
model [24]. This theory explains how items on a scale
perform and how the tested persons’ ability relates
to the properties of the scale. The Rasch model allows validating a scale with dichotomous or polytomous items in a way that it is possible to sum up single
item values to a summary score, therefore, to calculate
change scores and effect sizes in a statistically meaningful way. The basic assumption of the Rasch model
is that it is more likely to pass an easy item as compared to a difficult item, and that a person with high
ability is more likely to pass an item than a person with
low ability. The probability of passing an item is defined as a logistic function of the difference between
person ability and item difficulty.
If the observed responses of an item set fit the Rasch
model, that is, if easy items are passed by more patients
and more able persons pass more items, then the item
set is unidimensional and constitutes a Rasch scale.
This can be verified by specific goodness-of-fit statistics. It can then be assumed that the items of the scale
measure one single trait. This is confirmed by analysis
of local independence of items. If the underlying single trait (the so called Rasch factor) is removed, there
should be no residual associations left. Additionally,
another important property to be examined is if a scale
functions consistently across different sub-groups of
patients, that is, if an item is equally easy or difficult for
men and women, for younger and older persons. Thus
each item is examined for differential item functioning
(DIF) across levels of person factors.
The set of items will be fitted to the Rasch model.
Goodness of fit will be examined by overall fit statistics and individual item-fit statistics. We will use three

over-all fit statistics; the two item-person interaction
statistics (for item and for person fit) are z-distributed,
that is, a mean of zero and a standard deviation of 1
indicate perfect fit to the model, the item-trait interaction statistic has a chi-square distribution. Good fit
would be indicated by a non-significant value of the
item-trait interaction statistic, indicating that the rank
of the items is constant irrespective of the level of the
underlying trait. The individual item-fit statistics indicate how well an item fits into the scale. We will report fit residuals as the total of individual person and
item deviations from the model that should lie within
the range of ± 2.5 and the chi-square statistic, which
should be non-significant after adjustment for multiple
testing.
To demonstrate if the scales function independently
from person factors, we will examine if at any given
level of person ability the probability to pass an item
is equal across strata of a personal factor. For example, when examining the category walking (the item),
a woman with a certain level of limitation in mobility
(the person ability) will have the same probability to be
able to walk (to pass the item) as compared to a man
with this level of limitation, if the Rasch assumptions
hold.
Thus, each item is examined for DIF across strata.
The person-response residuals for each item show how
much a person at a certain ability level departs from the
response expected at this level of ability. Person factor
and class intervals are treated as factors of an ANOVA.
Their ANOVA statistics should be non-significant after
appropriate adjustment for multiple testing. If there is
uniform DIF of some of the items, that is, the detected
difference in response across strata is the same regardless of the level of ability; those items can be adjusted
to vary by person factor. In contrast, nonuniform DIF,
that is, varying differences in response across strata,
cannot be accounted for. In this study, we will examine
DIF for country by dividing the sample into patients
from the US, Germany or Jordan, for age by dividing
the sample into two age groups, and for gender.
As a final test of unidimensionality, person-item deviation residuals will be examined by principal components analysis [27]. A person separation index can be
used to show how patients have been spread out along
the scale defined by the items, thus indicating how well
the scale differentiates between patients. The person
separation index is close to 0 when all the persons are
in a similar location and approaches 1 the more they
spread across the item continuum.
To create the short form of the VAP (VAP-s), items
will be examined according to their location on the
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item continuum. An item might be a candidate for deletion if its location equals the location of another item.
An item might also be deleted from a scale if it does
not fit well onto the scale. In case of several misfitting
items, creation of subscales can be the solution.
Significance level will be set at 0.05. The Bonferroni
method will be applied as adjustment for multiple testing, yielding a significance level of 0.05/k where k is
the number of tests carried out simultaneously. Missings in single VAP items will be resolved by multiple imputation. Sensitivity analyses will be carried out
with imputed and not-imputed data sets. Rasch analysis will be carried out with the RUMM2030 package
(Perth, RUMM Laboratory), bivariate statistical analyses will be carried out with SAS V9.3 (Cary, NC).
2.1.4. Sample size
In accordance with guidelines for Rasch models [17]
150 participants per country are sufficient to provide
stable estimates.
2.2. Phase 2. Extending the VAP
Item writing
The ICF Core Set for vertigo contains a list of 40
categories for the component Activities and Participation (A&P) and a list of 29 categories for the component Environmental Factors (EF). Activity and Participation categories will be compared with the modified VAP and items will be added if necessary. Original
items of the VAP can be left as they were, but they can
also be deleted or modified.
A group of experts will generate the wording of
items based on the pool of additional A&P and EF categories from the ICF Core Set. Comments retrieved
from qualitative interviews with patients with vestibular disease [19] will be used for additional guidance.
Wording will be developed in English, German and
Arabic. The recommended cross-cultural adaptation
process [3] will be followed, namely translation from
the English language into German and Arabic, synthesis of translations, blinded back translation into English, evaluation of translations by an expert panel deciding on equivalence with re-translation and correction if necessary.
In order to review the wording, patients at each site
will be asked to proof the items. They will be asked to
evaluate the items according to relevance, applicability,
comprehensibility, and appropriateness.
The new items will then be added to the modified
version of the VAP to form the VAP-extended (VAP-e).
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The Brief ICF Core Set for Vertigo comprises 10 categories from the component A&P, and six categories
from the component EF. For a short form of the VAP-e,
items of the VAP-e will be deleted if they are not corresponding to categories contained in the Brief Core
Set.
2.3. Validation of the VAP-extended
2.3.1. Study design and sample
Procedures will be carried out in analogue to Phase
1. Data will be collected in a multicentre cohort study
with the three centres on three different continents, including patients from the United States (Pittsburgh),
Germany (Munich) and Jordan (Amman), including individuals with vestibular disorders between the age of
18–100 who have adequate command of the language
of the respective country and give informed consent.
The study protocol will be sent to the review boards of
the respective institutions for approval.
2.3.2. Data collection procedures
To evaluate responsiveness and sensitivity to change,
the measures will be completed at the patients’ first
visit to the clinic, and again six months after via postal
survey. Non-responders will be contacted by phone for
motivation and to get non-responder information (reason for non response, e.g. vital status or new address).
To evaluate test-retest reliability, a sample of patients
will be asked to complete the VAP-e twice on the same
day. The order of items will be changed to avoid recall
bias.
2.3.3. Measures
To describe an overall impression of a participant’s
health, participants will be asked to appraise their
health on a 5-point-Likert scale ranging from one
to five where one indicates best health. In addition,
convergent validity will be appraised by the Dizziness Handicap Inventory (DHI) [15]. The DHI addresses self-perceived handicap due to vestibular disorders. The score ranges from 0 to 100, with a higher
score indicating greater handicap. In analogue to Phase
1, symptom severity will be assessed by the Vertigo
Symptom Scale VSS [29]. Likewise, the diagnosis
made by the neurotologist based on common diagnostic guidelines [4], and anamnestic (medication, comorbidities) and demographic data (gender, age, education) will be recorded.
2.3.4. Statistical analysis
The intraclass correlation coefficient (ICC) and its
95% confidence interval will be used to estimate test-
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retest reliability of the VAP-e total score. An ICC of
greater than 0.75 indicates excellent reliability, 0.40
to 0.74 indicates fair to good reliability, and less than
0.40 indicates poor reliability [16]. The Cohen’s kappa
statistics (weighted and unweighted) will be used to
estimate the agreement (above chance level) between
person ratings on successive test administrations for individual items. Kappa ranges from 0 to 1, in which 0
indicates no agreement and 1 indicates perfect agreement. A kappa of 0.75 indicates excellent agreement,
0.40 to 0.74 indicates good agreement, and less than
0.40 indicates poor agreement [16]. General linear
models with random effect coefficients for country effects will be used to evaluate responsiveness and sensitivity to change.
To examine if items of the VAP-e and its short
form can be added to a meaningful single score, Rasch
analyses will be conducted accordingly, as described
above, for both the VAP-e and its short form. Since we
hypothesize activity and participation and environmental factors forming two distinct scales, models will be
carried out separately for both components.
2.3.5. Sample size
In an ambulatory setting, reliability testing with
more than two replications seems hardly feasible. Also,
it has been shown that in the case of adequate reliability (ICC  0.6), more than two replications do not add
substantially to the test efficiency. Assuming an ICC
coefficient of at least 0.6, sample sizes of 50 patients
tested twice (i.e. 100 observations) per centre will be
sufficient to minimize the variance of the coefficient
(< 0.008 for an ICC of 0.6, < 0.001 for an ICC of
0.9) [26].
Rasch analysis will be carried out with the RUMM
2030 package (Perth, RUMM Laboratory). SAS V9.3
(Cary, NC) will be used for all validation analyses.
3. Conclusion
Vestibular disease can have a dramatic impact on
quality of life and functioning of an individual, regardless of objective clinical tests and symptoms. The ICF
is a common framework for all health professionals for
the coding and assessment of functioning. The Vestibular Activities and Participation Measure (VAP) was the
first to use the ICF to introduce activities and participation outcomes to vestibular research. Psychometrical
testing of the VAP and its extension along the philosophy of the ICF might result in valid and reliable measures that can be used to assess the success of therapy
options in vestibular disease.
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