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Abstract

Study design Psychometric study including exploratory factor analysis and Rasch analysis.

Objective The aim of the present study was to examine the World Health Organization Disability Assessment Schedule 2.0
(WHODAS 2.0) in terms of its dimensionality and metric properties in a sample of people with spinal cord injury (SCI).
Setting Two hundred and thirty-nine hospitals in Taiwan

Methods Secondary analysis of cross-sectional data from the National Disability Determination System in Taiwan,
including data of individuals with more than 1-year chronic spinal cord injury and over 18 years of age. We would ask the all
6 domains of WHODAS 2.0, except those participants who were not working in present, based on the WHODAS 2.0
manual.

Results Data from 521 persons were included. The internal consistency of WHODAS 2.0 was high for all six domains
(Cronbach’s a between 0.87-0.99). The exploratory factor analysis supported the original six domain structure of WHODAS
2.0 to a large extent. Rasch analysis provided domain scores usable for measurement at the individual level and an overall
WHODAS 2.0 score that takes into account the multidimensionality of the instrument.

Conclusions WHODAS 2.0 provides a reliable and valid instrument to measure relevant aspects of “activity and partici-

pation” in the context of functioning in people with SCI in Taiwan and may guide their rehabilitation.

Supplementary information The online version of this article (https://
doi.org/10.1038/s41393-018-0231-7) contains supplementary
material, which is available to authorized users.
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Introduction

To better assess and subsequently enhance the social par-
ticipation of adults with disabilities in Taiwan, the Taiwa-
nese government developed a new tool of disability
evaluation; the Functioning Disability Evaluation Scale
(FUNDES) [1]. FUNDES is based on the International
Classification of Functioning, Disability and Health (ICF)
of the World Health Organization (WHO) [2], and the
WHO Disability Assessment Schedule 2.0 (WHODAS 2.0),
which was chosen as the main instrument to assess the
activity and participation domains in FUNDES [1, 3]. All
domains of FUNDES based on WHODAS 2.0 address the
performance and capability dimensions in this study. The
difficulty levels of the performance dimensions were judged
with typical assistive technology and personal assistances,
and that of the capability dimensions were without the aid
of devices and personal assistances [4].

In 2014, the FUNDES group developed its own norm
values of WHODAS 2.0 for adults with disabilities in
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Taiwan [5]. The results, using classical test theory (CTT)
approach, showed that the WHODAS 2.0 was valid and
reliable in evaluating the activity and participation function
(AP function) problems of adults with a disability [4].
However, we still lack information about the validity of
WHODAS 2.0 in the group of people with spinal cord
injury (SCI) in a cultural setting such as Taiwan, including
information about the measurement properties of the
WHODAS 2.0 when analyzed with modern test theory.
Modern test theory in addition to CTT, provides informa-
tion on how and why participants responded to an item in
the way they did [6]. Such information would be useful,
especially to know whether WHODAS 2.0 can capture the
needs of people with a high level of disability as in SCI [7].

Persons with SCI living in Taiwan have major challenges
in the area of health care, financial and family support, and
community integration, which includes finding suitable
employment, social prejudices, and negative attitudes from
others [8]. Thus far, most SCI studies in Asian countries
have focused on epidemiology, quality of life, and com-
parison with other health conditions [9, 10]. Therefore,
integrating WHODAS 2.0 into FUNDES in Taiwan repre-
sents relevant additional information to gain a better and
more comprehensive understanding of the impact of SCI on
individual functioning. However, the reliability and validity
of WHODAS 2.0 in the SCI population in Taiwan remain
unexplored. To help investigate the utility of WHODAS 2.0
for the disability assessment of persons with SCI in Taiwan,
this study aims to examine the psychometric properties of
WHODAS 2.0 in terms of its reliability and construct
validity in the SCI population in Taiwan based on classical
and modern test theory.

Methods
Participants

The participants who registered from November 2013 to
January 2015 in the National Disability Determination
System in Taiwan were selected. Data were collected in 239
authorized hospitals by trained interviewers in face-to-face
interviews, as part of the official disability evaluation in
Taiwan.

The sample was defined using the SCI-related diagnostic
codes 344, 806, and 952 from the International Classifica-
tion of Diseases, 9th Revision, Clinical Modification (ICD-
9-CM). We included 521 adults with SCI more than 1-year
chronic injury and over 18 years of age. We excluded those
cases where missing data exceeded 50% in every domain of
WHODAS 2.0. If the missing data were less than 50%, we
used that domain’s mean scores for imputation, which is the
approach recommended by Garin (2009) to handle missing

values in WHODAS [11]. The study was approved by the
Tzu-Chi research ethics committee (IRB-104-4-A).

Variables

Sociodemographic information included sex, age, work
status, education, living status, and injury characteristics.
The living status was defined as living in the community or
institution. The variable severity of disability was defined as
degree of disability resulting from the lesion base on the
body function and structure of ICF which is the physician’s
rating of the level of disability.

The criterions of neurological status about sustained
paraplegia, tetraplegia, incomplete lesion, and complete
lesion are based on the codes of body function and body
structure from ICF, which were developed by professionals
and physicians during 2009-2012. The criteria are the fol-
lowing: the definition code of tetraplegia was b730a
(Muscle power functions, Upper limbs) and b730b, and the
paraplegia was b730b (Muscle power functions, Lower
limbs). For the complete type, we have defined that the
complete was b730b.3 (MRC classification grade was 0 or
1), the incomplete was b730b.1 or b730b.2 (MRC classifi-
cation grade was 2 or 3) [12].

WHODAS 2.0 was used to evaluate the difficulty
experienced in an individual's daily life over the past
30 days, and the difficulty levels of the performance
dimensions were judged with typical assistive technology
and personal assistances. WHODAS 2.0 contains six
domains with a total of 36 items, including D1 “Under-
standing and communicating” (6 items), D2 “Getting
around” (5 items), D3 “Self-care” (4 items), D4 “Getting
along with people” (5 items), D5 “Life activities” (house-
hold and school/work, 8 items), and D6 “Participation in
society” (8 items). In fact, D5 “Life activities”, in the pre-
sent study included only the items D5.1 to D5.4 that relate
to “Household activities”. We would not ask the D5.5-D5.8
“Work” if the participants were not working, the 32-item
WHODAS 2.0 score can be used as full 36-item version
based on the WHODAS 2.0 manual, because the partici-
pants were not engaged in work activities at this moment
[13]. Response options for the WHODAS 2.0 to the stem
question “In the past 30 days, how much difficulty did you
have....” ranged from 1 = “non” to 5 = “Extreme or cannot
do”. Domain raw scores were calculated and converted into
an ordered metric ranging from O to 100, using the algo-
rithm provided by WHO [13].

Data analysis
Data were analyzed with IBM SPSS 20.0 for classical sta-
tistical tests and the software R with package eRM for the

Rasch analyses.
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The descriptive analysis of the sample distribution by
domains includes the description of ceiling and floor effect
and normality test. The ceiling effect was defined as the
proportion of participants with maximum scores of 100, and
the floor effect as the proportion of minimum scores of 0.
Then the 15% of maximum and minimum score reflect floor
and ceiling effects [14]. Skewness and kurtosis were used to
test the normality of WHODAS 2.0 scores distribution. The
distribution of skewness and kurtosis values are both 0
which means the scores is normal distribution, the skewness
value less than 0, the distribution is negatively skewed that
means more cases with higher scores. The kurtosis value less
than O which is low peak, lower than normal distribution.

The internal consistency was analyzed using Cronbach’s
o, a statistical coefficient which estimates the degree to
which the items of a questionnaire are interrelated. The
values of Cronbach’s o above 0.9 were excellent, 0.8-0.9
were good, and 0.6-0.8 were acceptable [15].

We use the exploratory factor analysis to identify the
underlying relationships between the measured variables of
the WHODAS 2.0, the exploratory factor analysis of
WHODAS 2.0 in the sample of individuals with SCI in
Taiwan allowed to determine its factorial structure and
hence its construct validity. We assumed that the results of
the exploratory factor analysis would confirm the original
factor structure provided by WHO. As a prerequisite, we
first checked the sample adequacy according to Kaiser—
Meyer—Olkin (KMO) and Bartlett’s test (p-value < 0.05).
KMO values between 0.8 and 1 are considered acceptable.

Subsequently, a Rasch analysis taking into consideration
the findings of the exploratory factor analysis were per-
formed. The Rasch analysis provides more information on
metric properties at item level in addition to the model
reliability and scale dimensionality questions [16]. Rasch’s
probabilistic measurement approach assumes that the ability
of individuals is a function of the difficulty of questionnaire
items. The degree to which the data complies to a series of
Rasch assumptions determines the quality of its measure-
ment properties. An important assumption is that items in a
summary score are locally independent, with correlations of
the standardized analysis residuals below 0.2 [17]. Locally
dependent items may lead to biased and inflated analysis
estimates. In the presence of local item dependencies (LID),
correlating items can be aggregated to enter the analysis as a
so-called testlet [18]. Lesion level and type are not included
in the differential item functioning analysis as they are on
the pathway of functioning and it can be expected that the
WHODAS 2.0 items are in favor of participants with
paraplegia.

Monotonicity of the item response options is another
assumption that requires items to display strictly increasing
levels of difficulty. The Rasch analysis may reveal dis-
ordered thresholds that can be repaired by collapsing the
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reversed response options into one single option. In general,
collapsing of disordered response options of testlets is not
required. While strict monotonicity is required, equidistance
of the intervals between response thresholds is not expected,
as this can be handled by the specific Rasch model applied
in this study, i.e., the partial credit model [19].

Unidimensionality of the instrument requires that the
loading structure of standardized analysis residuals indi-
cates the presence of one single dimension with eigenvalues
below 2 [20]. It is expected that component loadings of a
principal component analysis (PCA) of the residuals con-
firm the dimensional structure found with the factor ana-
lytical approach. Finally, The Person Separation Index (PSI)
gives the reliability of the model. It can be interpreted
similarly to Cronbach alpha, ranging between O and 1.
Usually, a PSI reliability of 0.70 is required for analysis at
the group level, and values of 0.85 and higher for individual
use [21].

The fit of the WHODAS 2.0 items to the Rasch model is
given with the infit statistic derived from the mean squared
standardized residuals. In the present setting, infit values
within 0.8-1.2 are considered sufficient for high stakes
assessment purposes [22]. The Rasch analysis was first
performed for the entire WHODAS 2.0, mainly to verify
and confirm the dimensional structure revealed by the
exploratory factor analysis. Then the relevant dimensions or
factors were analyzed separately and adjustments were
undertaken towards creating reliable summary scores for
WHODAS 2.0. Finally, a conjoint analysis of all domains
of the WHODAS 2.0 was performed, using a testlet per
domain approach to overcome multidimensionality issues
and to come up with one single interval-scaled WHODAS
2.0 summary score. Based on the metric information
derived from the Rasch analysis, the quality and validity of
domain and summary scores will be discussed.

Finally, to explore the sensitivity of the WHODAS
2.0 scores in the light of the level of disability, the 0—100
Rasch-transformed person scores for each WHODAS 2.0
domain and the WHODAS 2.0 summary score (testlet
analysis) were compared to the physician’s rating of the
level of disability (I = mild, 2 = moderate, 3 = severe, or
4 = profound).

Results

Characteristics of participants and the distribution
of AP function

The study population was 59 years old on average with 67%
of the participants being male. About 54% had sustained
paraplegia and 46% a tetraplegia, 86% had an incomplete
lesion, and 14% a complete lesion. A little more than
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twenty-five percent of the study population experienced
mild disability of severity, 31% moderate, 37% severe, and
7% profound disability. Further characteristics of the study
population are shown in Table 1. Table 2 outlines the
average scores, median of the six WHODAS 2.0 domains,
and ceiling and floor effects for the overall SCI population.
The internal consistency (Cronbach’s o) of the six domains
ranged from 0.87 to 0.99. The skewness and kurtosis values
were —0.091 and —0.459 that were negatively skewed and
the distribution was lower peak than normal distribution.

Table 1 Sociodemographic of study population (n =521)

Variables All N (%)
Age 59.03 +£16.43*
Sex Male 350 (67.2)
Female 171 (32.8)
Injury level Paraplegia 283 (54.3)
Tetraplegia 238 (45.7)
Injury ype Incomplete 448 (86.2)
Complete 72 (13.8)
Severity of disability Mild 132 (25.3)
Moderate 161 (30.9)
Severe 192 (36.9)
Profound 36 (6.9)
Work status Employed 30 (5.8)
Unemployed 338 (65.5)
Others 148 (28.7)
Education” <Elementary school 80 (15.4)
Elementary school 159 (30.5)
Junior high school 167 (32.1)
Senior high school 79 (15.2)
University 36 (6.9)
Living status Community 478 (91.7)
Institution 43 (8.3)

"Mean+SD

PEducation is categorized according to Taiwan's education system

Construct validity: factor analysis

The KMO measure of sampling adequacy was >0.91 and
the significance of Bartlett's test of sphericity was p <0.05,
meaning that exploratory factor analysis could safely be
applied to the obtained dataset. As hypothesized, the factor
loadings of exploratory factor analysis confirmed the ori-
ginal WHODAS 2.0 scale for the most part, explaining a
total variance of 72.5%. Yet three items cross-loaded on
different scales: D4.3 “Getting along with close people”
loaded strongly on D1 “Understanding and communicat-
ing”, and two questions from D2 “Getting around” loaded
on D3” Self-care” (see Table 3).

Measurement properties: Rasch analysis

The Rasch analysis was performed in several steps. First the
Rasch analysis of the entire WHODAS 2.0, provided further
support for the findings of the factor analysis. The PCA
indicated multidimensionality with at least 5 dimensions
(Supplement 1). The dependency structure, based on the
correlation matrix of the standardized residuals, showed that
mainly the items from a same domain were strongly related
(r>0.2). The only exception was the item D6.4 “How much
time did you spend on your health condition, or its con-
sequences” which was uncorrelated to any other WHODAS
2.0. item. Also items of domain D1 “Understanding and
communicating”, i.e., D1.1 Concentration, D1.3 Problem-
solving, D1.4 Learning a new task, and D1.6 Conversation
appeared associated to items from domain D4 “Getting
along with people”, and items of domain D2 “Getting
around”, i.e., D2.3 Moving around inside home and D2.4
Getting out of home, to those of the domain D3 “Self-care”
(Fig. 1).

In the next steps, each WHODAS 2.0 domain was ana-
lyzed separately with the Rasch model and then, if neces-
sary, testlet based solutions for the six domain scores and
the summary score were proposed. The results of the ana-
lysis by domain before (start model) and after Rasch based

Table 2 The distribution of

All n =521

WHODAS 2.0 scores with floor

and ceiling effects based on
interval scores (0—100) for the

Mean (95% CI)*

Cronbach’s o Floor effect (n, %) Ceiling effect (n, %)

people with spinal cord injury D1 Cognition 28.43 (26.1-30.8) 0.92 133(25.5) 12(2.3)
D2 Mobility 64.64 (62.3-67.0) 0.88 13(2.5) 88(16.9)
D3 Self-care 36.51 (33.9-39.2) 0.87 109(20.9) 34(6.5)
D4 Getting along 46.47 (43.7-49.2) 0.89 84(16.1) 37(7.1)
D5(1) Household activities 69.77 (66.4-7.1)  0.99 90(17.3) 267(51.5)
D6 Participation 53.69 (51.5-55.9) 0.88 112.1) 19(3.6)
Global score 53.42 (51.7-55.2) 0.95 0 3(0.6)

dwhere 0 = no disability; 100 = full disability)
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Table 3 The results of
exploratory factor analysis for
people with SCI (n =521)

WHODAS item

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

D1.1 Concentration

D1.2 Remembering to do important things
D1.3 Problem-solving

D1.4 Learning a new task

D1.5 Understanding

D1.6 Conversation

D4.3 Getting along with close people
D6.1 Joining in community activities
D6.2 Because of environmental barriers
D6.3 Others affects one's dignity

D6.4 Health affects time consumption
D6.5 Health affects one's emotion

D6.6 Health affects family finances
D6.7 Health affects family

D6.8 Doing things for relaxation or pleasure

0.75 0.21 0.04 0.12 0.21 0.09
0.81 0.16 0.06 0.18 0.10 0.05
0.80 0.17 0.08 0.15 0.20 0.10
0.75 0.15 0.07 0.08 0.33 0.13
0.81 0.12 0.07 0.15 0.08 0.02
0.80 0.18 0.06 0.07 0.14 0.08
0.50 0.31 0.06 0.19 0.49 0.03
0.18 0.57 0.23 0.15 0.27 0.31
0.20 0.60 0.13 037 —-0.05 0.18
0.23 0.74 0.07 0.21 0.13  —-0.01
0.14 0.59 0.16 0.10 0.19 0.16
0.26 0.71 0.03 0.08 0.22 0.12
0.05 0.75 0.00 0.15 0.05 0.08
0.13 0.75 0.03 0.12 0.11 0.04
0.23 0.62 0.09 —0.02 0.27 0.28

D5.1 Household responsibilities

0.08 0.09 0.94 0.21 0.08 0.19

D5.2 Do important household tasks well 0.08 0.11 0.94 0.21 0.08 0.17
D5.3 Do all needed household work 0.08 0.11 0.94 0.21 0.09 0.18
D5.4 Household work performed as quickly — 0.07 0.09 0.95 0.21 0.08 0.15
as needed

D2.3 Moving around inside home

D2.4 Getting out of home
D3.1 Washing whole body
D3.2 Getting dressed

D3.3 Eating

0.12 0.19 0.28 0.66 0.07 0.44
0.10 0.20 0.25 0.67 0.05 0.41
0.15 0.17 0.18 0.89 0.02 0.10
0.14 0.15 0.17 0.89 0.05 0.06
0.24 0.23 0.13 0.75 0.16 0.02

D3.4 Staying by oneself for a few days 0.12 0.08 0.19 0.54 0.28 0.28

D4.1 Dealing with strangers
D4.2 Maintaining a friendship
D4.4 Making new friends
D4.5 Sexual activities

D2.1 Standing for long periods
D2.2 Standing up from sitting
D2.5 Walking a long distance
Factor variance

0.53 0.25 0.00 0.15 0.60 0.05
0.40 0.27 0.01 0.01 0.73 0.14
0.31 0.22 0.08 0.07 0.80 0.18
0.20 0.17 0.23 0.17 0.69 0.13
0.12 0.21 0.24 0.10 0.19 0.77
0.11 0.15 0.30 0.32 0.14 0.68
0.09 0.24 0.16 0.27 0.09 0.71
15.80% 13.89% 13.00% 12.88%  9.19%  7.82%

KMO: 0.92; Bartlett’s test <0.05; total variance: 72.5%

The bold values defines the relationship of each variable to the underlying factor

adjustments (final model) are shown in table 1_supple-
mentary material.

Table 4 shows the general fit of the Rasch models by
domain or across domains, including the model before (start
model) and after Rasch based adjustments to achieve good
fit (final model). Two domains, D1 “Understanding and
communicating” and D5(1) “Household activities”, did not
need to be adjusted at all as the model and their items
complied to all Rasch assumptions. All analyses by domain
showed a high PSI, ranging between 0.87 for D2 “Mobility”
and 0.98 for D5(1) “Household activities”.

Uniform differential item functioning for age was found
for the testlet aggregating items D6.6 and D6.7 in the
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adjusted analysis of domain D6” Participation in society”.
Uniform differential item functioning for gender was not
found in any of the final models. All items of the final
adjusted models showed good fit, with a tendency towards
overfit, meaning lower discrimination for scores in the
middle of the range compared to more extreme scores,
especially in domain D3 “Self-Care” and D5(1) “Household
activities”.

Finally, a testlet approach for the domain analysis was
undertaken to derive one single summary score as a mea-
sure of health and disability. This analysis confirmed the
association between the D1 “Understanding and commu-
nicating” and D4 “Getting along with people”, as well as



Validation of the World Health Organization Disability Assessment Schedule 2.0 in adults with spinal... 521

the D2 “Getting around” and D3 “Self-Care” domains. In a
final step, the correlated domains were aggregated. In the
basic analysis across the original six WHODAS 2.0
domains, only D5(1) “Household activities” showed an
insufficient fit. The fit of D5(1) increased in the final testlet

WHODAS - Local Dependendencies

Fig. 1 Local Item dependency structure for the WHODAS 2.0

solution. Unsurprisingly, the PSI dropped for the testlet
models, e.g., the first approach with the six original domains
had a PSI of 0.85, while the final testlet approach, free of
local dependencies, showed a PSI good enough for group
level measurement (>0.7). PSI for WHODAS 2.0 aggre-
gated across domains was only 0.79.

The analysis of the scores per WHODAS 2.0 domain, as
well as a Rasch based WHODAS 2.0 total score matched
significantly with the physician’s general disability rating.
The changes in the distribution of WHODAS 2.0 scores for
the entire SCI-sample by disability level for each domain
and across domains are illustrated in Fig. 2.

Discussion

The current study has examined reliability and validity of
WHODAS 2.0 with a classical and a modern psychometric
approach, and provided evidence from both approaches that
the instrument is reliable and valid to measure disability in a
Taiwanese SCI population. It is indeed important to discuss
the psychometric properties of WHODAS 2.0 in Taiwan,
especially for the rare subgroups whose demographic
characteristics were different with our total disabled popu-
lation, like SCI population. Because WHODAS 2.0 is the
main instrument to evaluate the people with disability under
the national social welfare policy, eligibility and the severity
of disability are strongly correlated with the welfare allo-
cation and employment-oriented services in Taiwan.

Table 4 Start and final model targeting fit of entire WHODAS 2.0, each subscale, and the calibration of domains as items

Item Person Reliability
difficulty ability
Dimension Stage Mean SD Mean SD PSI Cronbach LID Uniform DIF Non-uniform
alpha DIF
All WHODAS 2.0 Start 0.05 0.71 —0.13 0.78 0.95 0.95 Yes Yes No
D1 Understanding and Start & 044 126 —-0.58 1.34 091 0091 No No No
communicating Final
D2 Getting around Start 035 1.23 059 1.18 091 0.88 Yes No No
Final 037 135 0.73 1.25 0.87 0.84 No No Yes
D3 Self-care Start 0.54 190 —-0.33 132 0.92 0.87 Yes Yes No
Final 046 1.83 —0.36 1.11 0.89 0.67 No Yes No
D4 Getting along with people Start 031 1.10 0.01 1.18 091 0.89 No No No
Final 041 1.62 0.05 1.47 0.90 0.87 No No No
D5(1) Household activities Start & 215 5.00 239 4.04 098 0.99 No No No
Final
D6 Participation in society Start 025 0.73 0.26 1.01 0.90 0.88 Yes Yes No
Final 026 093 0.27 1.05 0.89 0.83 No Yes No
Testlet Start 0.02 0.96 —-0.03 0.27 0.85 0.83 Yes Yes No
Final 0.01 093 —0.02 0.22 0.79 0.75 No Yes No

PSI Person separation index, LID Local item dependency, DIF Differential item functioning
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Therefore, how to measure the disabilities status precisely
would be helpful for the people with SCI population.

Nevertheless, it must be noted that items related to work
in the domain D5(1) “Household activities” were excluded
from the analysis because less than 6% of participants
reported being employed. Not being employed may be a
characteristic of SCI population in Taiwan in the first few
years after SCI, but international data suggest that the
employment rate of persons with SCI increases over the
years [23]. Therefore, the consequence of not assessing
the work items must be carefully evaluated in the light of
disability eligibility in the long-term evaluation of func-
tioning of people with SCI.

WHODAS 2.0 showed good to excellent internal con-
sistency for chronic adults with SCI with a Cronbach’s
alpha ranging from 0.85 to 0.99, which is slightly above the
findings of other studies [24]. The PSI of WHODAS 2.0
total score was 0.79 that was below 0.85 in this study that
implied the total score of WHODAS 2.0 should only be
used on population or group level [25]. The observed dif-
ference between PSI and Cronbach’s o may result from the
fact that the PSI is sensitive to a skewed distribution of
scores and increases as the scores become more extreme,
while there is no such effect for Cronbach’s o [26]. Even
though the total score of WHODAS 2.0 distribution among
SCI patients was negatively skewed (The skewness=
—0.091) that does not affect the applicability of this mea-
surement tool. The exploratory factor analysis confirmed
the original 6-factor structure in most parts and therefore all
items were included in the following Rasch analysis [27].

To a large extent, both analyses, the exploratory factor
analysis and the Rasch analysis, support the multi-
dimensionality of the WHODAS and the validity of the
construct used by WHO. Similar to the Rasch analysis,
which indicates a certain independence of the item D6.4
“How much time did you spend on your health condition, or
its consequences”, the exploratory factor analysis loadings
were lowest on its domain factor and low on the other
factors. The exploratory factor analysis and Rasch analysis
both support the strong association of items D2.3 and D2.4
with the items from D3, the Self-Care domain. Interestingly,
the exploratory factor analysis showed that item D4.3 loa-
ded on Factor D1 “Understanding and communicating”.
Also, the Rasch analysis showed high local dependency for
all items of D1 and D4 “Getting along with people”, sug-
gesting that the items from both domains could be joined to
form one common domain. The association between D1 and
D4 items could be explained by the Taiwanese culture, in
which the items from the domain D4 are mostly perceived
as a cognitive ability [4]. If researchers want to use
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WHODAS 2.0 as an assessment instrument to evaluate
adults with SCI in Taiwan or other Asia countries, it could
be sensible to consider a formal cross-cultural adaption to
ensure proper understanding of the items.

The decrease of the reliability from the WHODAS 2.0
analysis with and without the testlets can be explained; the
local dependencies caused a reliability inflation in the first
Rasch analysis which included all WHODAS 2.0 domains
[28]. This inflation was controlled in the testlet approach,
which treats each domain like a super-item. Further, the
testlet strategy allows overcoming the dimensionality issues
found in the first analysis and provides the true reliability of
the WHODAS 2.0 scale, as well as information about the
reliability of the raw scores. A WHODAS 2.0 summary
score for the entire SCI population could be confirmed. This
testlet approach was also successfully applied in a stroke
population [29].

In the light of disability eligibility determination, it will be
crucial to see whether our solutions can be replicated in a
chronic SCI population or in different diagnostic groups.
Although we expected a substantial influence of the cultural
background no differential item functioning for gender was
found in item D5.1 “Taking care of your household respon-
sibilities”, e.g., social roles of males and females in Asian
countries, where household tasks that are traditionally per-
formed by women in Taiwan. This means that the item was
understood and answered the same by both male and female
participants. Only the domain D6: “Participation in society”
showed uniform differential item functioning for age in the
overall score, which would be reasonable given the changing
participation patterns in different life phases. Typically, dif-
ferential item functioning can be solved by applying a so-
called item split [30]. Splitting an item for differential item
functioning would result in estimating different item diffi-
culties across levels of person factor subgroups that cause
differential item functioning. However, one must keep in
mind that adjusting the item difficulties would than favor the
subgroup with more difficulties on an item to adjust for the
difference. This adjustment, of course, would impact the
comparability of the person ability across groups. Also, dif-
ferent cut-off scores must then be calculated as the subgroups
may not be comparable anymore. For these reasons, we
decided to report for differential item functioning without
undertaking any adjustments.

Study limitation

Our participants first registered in the National Disability
Determination System in Taiwan between 2013 and 2015.
In other words, the study period was limited, Therefore, it
will be applicable to provide more information about
their work status, especially the work items of D5-2.

Nevertheless, our findings indicate that WHODAS 2.0 is
valid to assess and document the level of activity and par-
ticipation of adults with SCI in Taiwan. The external
validity issue would be must careful because the results
might not apply to a sub population that has not adequately
participated in the study.

Conclusion

The present study is the first to examine the psychometric
properties of WHODAS 2.0 in a population of persons
with chronic SCI in Taiwan using a classical and modern
test approach. Our study could provide reference infor-
mation for the Taiwanese government to assess func-
tioning based on WHODAS 2.0 for disability policy in the
future.

Data archiving

The data that support the findings of this study are available
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authors upon reasonable request and with permission of
Ministry of Health and Welfare in Taiwan.
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