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ABSTRACT

ARTICLE HISTORY

Purpose: To translate and cross-culturally adapt the ABILHAND-Kids questionnaire into Danish and assess
its psychometric properties in children with cerebral palsy (CP).
Materials and methods: A Danish version of the parent-reported ABILHAND-Kids questionnaire was created through a standardized translation process. Dimensionality (confirmatory factor analysis), reliability,
smallest detectable change, floor and ceiling effects, and Rasch analysis were carried out.
Results: One-hundred-and-fifty children diagnosed with CP were included. No parent had difficulty completing the ABILHAND-Kids (DK). Psychometric testing demonstrated a unidimensional scale, excellent
test-retest reliability (ICC2.1A ¼ 0.97) and internal consistency (a ¼ 0.96). A smallest detectable change of
5.15 points was considered acceptable. One item showed Differential Item Functioning, four pairs of items
showed signs of local dependence and one item had disordered thresholds. Nevertheless, analyses did
not lead to the removal of any items. Item thresholds covered most levels of person abilities. Lastly,
24.7% scored within measurement error at the ceiling of the scale, indicating that it was not possible to
measure further improvement.
Conclusion: ABILHAND-Kids (DK) seems to be a valid, reliable and comprehensive measurement scale to
assess manual ability in children with CP. It can be used in goal setting and to inform future interventions
and rehabilitation evaluation.
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ä IMPLICATIONS FOR REHABILITATION

 Impaired hand function leads to limited participation in activities of everyday life in children with
cerebral palsy.
 Adequate outcome measures of hand function are crucial for the planning and evaluation of
interventions.
 The Danish version of ABILHAND-Kids is a valid and reliable measure of manual ability in children
with cerebral palsy, and it can be used in clinical practice and for research purposes.

Introduction
Cerebral palsy (CP) is the most common type of physical disability
in children [1,2], with a prevalence of approximately 2 in 1000
live-born children [3]. Impaired hand function is found to be a
strong predictor of restricted participation in activities of everyday
life for children with CP [4,5]. Studies have shown that 60% to
79% of children with CP have more than a minimally impaired
hand function [6,7] causing activity limitation, e.g., when eating,
dressing and playing [8]. Hand function is essential for children’s
development and participation in most activities of everyday life
[9]. For this reason improving their bimanual activity performance
is a significant treatment goal. Bimanual performance is addressed
in the activity domain of the International Classification of
Functioning, Disability and Health (ICF) [10]. The brief ICF core set
developed for children with CP includes hand function, which
underlines the importance of evaluating the ability to use the
hands in this target group [11].

Adequate assessment of hand function is essential to appropriate planning and evaluation of interventions over time [12,13],
e.g., before and after hand surgery and intensive therapy [14]. A
comprehensive evaluation of hand function in clinical practice
requires standardized assessment tools that cover the activity
domain in the ICF. Thus, assessment tools with acceptable validity
and reliability in the target population [13,15]–in this case, children with CP–are required. There is no standardized assessment
tool that addresses bimanual performance for this target group
available in Danish.
According to the ICF, hand function can be assessed both in
terms of capacity (the child’s ability to perform a task in a standardised environment) and performance (the childs spontaneous
use of the hand in activities) [12,13]. In children with CP, there is
strong evidence for performance-based or “top-down” approaches
to treatment, e.g., intensive bimanual training [15]. Thus, to evaluate these approaches, an outcome measure at the performance
level must be applied.
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There are a number of assessment tools that can be used to
measure hand function at the performance level in children
[16–18]. Of these some have been developed to specifically
address children with CP, of which, Assisting Hand Assessment
(AHA) [19] and ABILHAND-Kids [20] have been recommended in
systematic review as measures of bimanual activity performance
in these children [12,13]. Furthermore, the recently developed
Children’s Arm Rehabilitation Measure (ChARM) seems to have
potential in the future. ChARM is a parent-reported questionnaire
that measures upper limb activity limitations in children with CP
[21]. The AHA [19] is an observational tool–where the child is
observed in a play session, which is video recorded and then
scored according to specified criteria. However, this tool is only
developed for children with unilateral CP. The ABILHAND-Kids
questionnaire, which also is a parent-reported outcome measure,
can be used for children with both unilateral and bilateral CP [20].
The ABILHAND-Kids is a Rasch-developed measure of manual ability–defined as the capability of performing daily activities that
require use of the upper extremities [23].
It has 21 items concerning daily activities, such as taking off a
T-shirt and unscrewing a bottle cap. The items are rated by the
parents according to the difficulty that they perceive their child
has when performing each activity. ABILHAND-Kids has been
shown to have good reliability and validity [12,13,22,23], and it
has excellent clinical utility, in that it is not time consuming and
is easy to score [23]. Furthermore, scores can be entered on the
Rehab-scales website [24]; they generate a Rasch-derived logit
score, to be used in treatment planning and evaluation. The
ABILHAND-Kids was originally developed in French and has been
translated into several other languages [25–30]. However, a
Danish version of the ABILHAND-Kids is not yet available.
Therefore, in order to assess manual ability in Danish children
with unilateral and bilateral CP, the aim of the present study is to
translate and cross-culturally adapt the ABILHAND-Kids questionnaire into Danish and assess its psychometric properties in children with CP.

Methods
Study design
This study consisted of two phases. In phase I, the study design
involved cross-cultural adaptation and translation of the
ABILHAND-Kids into Danish, and phase II comprised a survey with
test-retest to test the psychometric properties of ABILHANDKids (DK).
Phase I: translation and pilot test
Translation and cross-cultural adaptation of the ABILHAND-Kids
into Danish was conducted by following Beaton et al. guidelines
[31]. The English version of ABILHAND-Kids was independently
translated into Danish by two native Danish speakers (one had a
medical background and was informed about the construct to be
measured and the other was uninformed). The two forward translations were then synthesized into the first translated version of
the ABILHAND-Kids (DK), which was then back translated into
English by two independent bilingual speakers with English as
their first language (both blinded to the original ABILHAND-Kids).
An expert committee–including a methodologist, health professionals and the forward and backward translators–reached a consensus on the pre-final ABILHAND-Kids (DK). During this process, the
first author corresponded with the developer whenever questions
of understanding arose. During the translation process, we

became aware that ABILHAND-Kids had been originally developed
in French and then translated into English. Therefore, to verify the
Danish translation and compare the translations, the original
French version was translated into Danish by a native Frenchspeaking layperson living in Denmark and speaking Danish.
The pre-final version was tested in cognitive interviews with 14
parents. The parents were asked to complete the scale and then
asked about their understanding of the items, to test their clarity.
These parents did not participate in the psychometric testing.
Furthermore, an advisory board, consisting of six occupational
therapists working with children with CP, assessed the scale and
were asked if they had any linguistic concerns. Lastly, the final
version of the ABILHAND-Kids (DK) was prepared, and all written
material was approved by the developer of the original
ABIHAND-Kids.
Phase II: Psychometric testing
Participants
Participants were recruited from outpatient clinics in the Region
of Southern Denmark and outpatient rehabilitation clinics across
Denmark between October 2017 and January 2019. Participants
were children between 6 and 15 years of age, diagnosed with CP
and with a Manual Ability Classification System (MACS) level
between I and IV. Furthermore, their parents had to be able to
speak and understand Danish, given that they were to complete
the questionnaire. Participants in the test-retest study were children who, at baseline, had had a stable hand condition for the
preceding eight weeks. Children who did not fulfil the age criterion and who had a MACS level of V were excluded.
Sample size considerations
A systematic review of sample size requirements for factor analyses recommends including seven subjects per item, which in our
case amounts to 147 participants [32]. For the Rasch analyses,
Linacre proposes a sample size range of approximately 150 for
item calibrations and person measures to be stable within ± 1=2
logit (99% confidence) [33]. We therefore aimed to include
approximately 150 participants for these analyses. A sample size
of at least 50 participants has been recommended for a test-retest
reliability study [34], and this was the goal of our test-retest reliability study.
Ethics
Participants were informed about the project orally and in writing
before they agreed to participate. Prior to participation, all participants signed a consent form. The project was accepted by the
Danish Data Protection Agency (no. 19-12-2028). Due to the
nature of the study, approval by the Research Ethics Committee
was not required, in accordance with Danish legislation on
research ethics. The ABILHAND-Kids was translated with the permission of the copyright holder.
Data collection
At baseline, the parents were asked to complete the ABILHANDKids (DK) by estimating their child’s difficulty in performing each
activity without technical or human help, regardless of which
strategies were used in the performance. Furthermore, demographic data were collected concerning the parent’s relation to
the child, affected hand(s) of the child, type of school the child
attended and whether the condition had been stable for the preceding eight weeks. Parents were also asked a question about the
relevance of the questionnaire. Demographic data concerning the
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Gross Motor Function Classification System (GMFCS) and MACS
were gathered from medical records or the child’s occupational therapist.
The ABILHAND-Kids (DK) and an additional question about stability of the condition since baseline were completed a second
time after 14 days by those who had a stable hand condition at
baseline. The questionnaire was sent to participants by post in a
self- addressed stamped envelope.

options across items, whereas the more restrictive rating-scale
model does not [40]. It assumes that as a person’s ability to use
the hand/upper extremity increases, the probability of a maximum
score on the item increases. Person and item scores are used to
“calibrate” items on a logit scale, where items at one end of the
scale are “easier”, while items at the other end are “more difficult”.
The following parameters were assessed:
a.

Measurement tools
GMFCS: Gross motor function was classified for each child using
the GMFCS on a five-level scale, where level 1 indicates that the
child is able to walk at home, in school and in the community
and is able to run and jump. Level 5 indicates severe limitation;
the child is mostly transported using a wheelchair [35].
MACS: Manual ability was classified using the MACS (level I to
level V), where level I indicates that the child can handle objects
easily and successfully and level V indicates that child has severely
limited manual ability to perform even simple actions [36].
ABILHAND-Kids (DK): The ABILHAND-Kids is a parent-reported
outcome measure measuring ability to manage daily activities, in
children with CP, whatever the strategies used [23]. It was developed using the Rasch measurement model [23]. The questionnaire
comprises 21 items or manual tasks, with the performance of
each task rated on an ordinal three-point scale: impossible (0
points), difficult (1 point), or easy (2 points). Activities not
attempted in the last three months are scored as a question mark
(and treated as missing data), unless the reason is that it is impossible for the child to perform that activity, in which case the item
is scored as impossible. A sum score (0–42 points) is calculated by
adding the scores for each item. Scores with > 50% missing items
are discarded. Lower scores present lower manual ability. The
scale is unidimensional [23]. ABILHAND-Kids is valid, reliable and
responsive in children with CP between 6 and 15 years of
age [12,13,22,23].

b.

c.

d.

e.

f.

Statistical analyses
Measurement properties of the ABILHAND-Kids (DK) were evaluated using the COSMIN (COnsensus-based Standards for the
selection of health Measurement INstruments) taxonomy [34].
Missing items

g.

The number of missing items was calculated at baseline, and less
than 10% was considered acceptable [34].
Structural validity
Structural validity was assessed using confirmatory factor analysis
(CFA) and Rasch analysis.
(a) confirmatory factor analysis
CFA was conducted to test the one-factor measurement model of
the ABILHAND-Kids (DK). The CFA was assessed for accuracy with
WLSMV v2 (p > 0.05) [37], and four fit indices: 1) Tucker Lewis
Index (TLI > 0.9), 2) Comparative Fit Index (CFI > 0.9), 3) root
mean square error of approximation (RMSEA < 0.06), and 4)
standardized root mean square residual (SRMR < 0.08) [38].
(b) rasch analysis
The ABILHAND-Kids (DK) was fitted to a Rasch model using the
unrestricted partial credit model [39]. This was appropriate as it
allows for some variance in the distance between the response
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Overall fit to the model using the v2 item-trait interaction statistics. In Rasch analysis, a non-significant p-value indicates
no substantial deviation from the model [41].
Overall item fit. Misfitting items were identified by inspecting
the fit residuals of each item. Items with fit residuals greater
than ± 2.5 or a significant v2 p-value were considered to be
either displaying over discrimination or to be misfitting [42].
Differential Item Functioning (DIF). DIF assessment was carried
out to locate items functioning differently in persons with
the same ability level but differing on a clinical parameter.
We included DIF by age (6–8, 9–11, 12–15 years), mother/
father as proxies, choice of school (primary school, primary
school with support, special school) and handedness
(affected versus non-affected hand). Uniform and non-uniform DIF were considered significant if the v2 p-value was <
0.05 (Bonferroni adjusted to 0.0024 (0.05/21)). Significant DIF
was subsequently scrutinized for relevance in clinical practice.
Local dependence. As local response dependence can inflate
reliability and result in spurious multidimensionality, this was
investigated by identifying items with residual correlation
above 0.2 of the mean for all the items [43].
Item hierarchy. The hierarchical architecture of the
ABILHAND-Kids (DK) was evaluated by scrutinising the item
difficulty on a logit scale. Results were compared to the original findings of the ABILHAND-Kids developers [23].
Threshold ordering. Moving from one response category to
another in polytomous items should reflect an increase in
the underlying trait. If this is not the case, the transition
point or threshold between adjacent response categories are
disordered [44]. Category probability curves and a threshold
map were examined to detect disordered thresholds in relation to item difficulty.
Targeting of persons and items. Targeting compares the mean
location score of the included persons with that of the value
of zero set for the questionnaire items. It gives an indication
of how well items are targeted to the population under
investigation and can show trait levels with no or few item
thresholds [45].

Reliability
The reliability of the ABILHAND-Kids was assessed in terms of several measurement properties:
a.

b.

The discriminative power of the scale. We used the Person
Separation Index (PSI) to determine the power of the scale
to discriminate among respondents with different levels of
activity limitation. Values of 0.9 and 0.94 imply that the scale
can discriminate statistically between at least four and five
groups, respectively [44].
Internal consistency. Internal consistency is a measure of the
extent to which items assess the same construct. It was
measured using the Cronbach’s a, and values above 0.7 were
considered acceptable [46].
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Table 1. Baseline descriptive data for the study population.
Characteristic
Female children, n (%)
Age, mean (SD)
Questionnaire completion by mother, n (%)
Parental income n (%)
< 53.000 e
54.000 e73.000 e
74.000 e93.000 e
> 93.000 e
Missing
Child age, mean years (min-max)
School attendance, n (%)
Primary school
Primary school with support
Special school
Missing
Hand involvement, n (%)
Left
Right
Both
Missing
Receives rehabilitation
Yes
No
Not sure
Missing
Manual Ability Classification System, n (%)
Level I
Level II
Level III
Level IV
Level V
Missing
Gross Motor Function Classification System, n (%)
Level 1
Level 2
Level 3
Level 4
Level 5
Missing

c.

d.

Table 2. Confirmatory factor analysis model Fit.

Study population, n ¼ 150
61 (40.7)
10 (2.7)
111 (74.0)
55
27
26
34
8
9.6

(36.7)
(18.0)
(17.3)
(22.7)
(5.3)
(6–15)

46
24
69
11

(30.7)
(16.0)
(46.0)
(7.3)

43
45
45
17

(28.7)
(30.0)
(30.0)
(11.3)

74
63
11
2

(49.3)
(42.0)
(7.3)
(1.3)

57
54
29
10

(38.0)
(36.0)
(19.3)
(6.7)
–
–

74
36
13
19
2
6

(49.3)
(24.0)
(8.7)
(12.7)
(1.3)
(4.0)

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Question description
Opening a jar of jam
Putting on a backpack\schoolbag
Opening the cap of toothpaste tube
Unwrapping a chocolate bar
Washing the upper-body
Rolling-up a sleeve of a sweater
Sharpening a pencil
Taking off a T-shirt
Squeezing toothpaste onto a toothbrush
Opening a bread box
Unscrewing a bottle cap
Zipping-up trousers
Buttoning up a shirt\sweater
Filling a glass with water
Switching on a beside lamp
Putting on a hat
Fastening the snap of a jacket
Buttoning up trousers
Opening a bag of chips
Zipping-up a jacket
Taking a coin out of a pocket

Standardized factor loadings
0.85
0.85
0.85
0.82
0.70
0.82
0.88
0.94
0.92
0.89
0.80
0.91
0.92
0.78
0.98
0.90
0.86
0.89
0.83
0.86
0.83

1-factor model specifications
v2

df

p

TLI

CFI

RMSEA

341.582
189
0.000
0.98
0.98
0.07
The standardized factor loadings were statistically significant (p < 0.05).

SRMR
0.07

Data were analysed using Mplus version 8.3 (Muthen &
Muthen, Los Angeles, CA) for the CFA, RUMM2030 (RUMM
Laboratory P/L, Duncraig WA, Australia) for the Rasch analyses,
and all other analyses were calculated using StataV version 15.1
(StataCorp, College Station, Texas, USA).
R

Measurement error. The measurement error was defined as
1.96 x standard deviation of the difference (SDdiff) between
the two measurements and was presented using BlandAltman plots with 95% limits of agreement (LOAs) [34]. The
LOA gives an estimation of the prediction interval where
95% of the differences between the two measurements lie,
and it should be interpreted in relation to the scale’s measurement range (0–42). It includes both systematic and random error. The smallest detectable change (SDC), indicating
the smallest change in score that can be detected beyond
measurement error, was defined as change lying outside of
1.96 x SDdiff [47], given that we expected a small systematic error.
Test-retest reliability. Test-retest reliability was calculated using
the intraclass correlation coefficient (ICC) (two-way mixed
effects model for single measurements, absolute agreement
with 95% confidence intervals) [48] and ICC-values above 0.7
were considered acceptable [46–49].

Floor and ceiling effects
We used the “scale width” method to establish the floor and ceiling effects. This has been defined as the capacity of a questionnaire to have scores that are far enough into the scale that they
lie outside of the limits of measurement error (the SDC) [50]. No
more than 15% of the scores should fall inside the measurement
error interval at each end of the scale [51].

Results
Translation and cross-cultural adaptation
The translation process revealed no major problems or languagespecific or cultural differences; however, three items were scrutinised more closely: “filling a glass with water”, “rolling up a sleeve
of a sweater” and “opening a bread box”. It was discussed with
the developer whether the child should be able to pour from a
pitcher or fill a glass from a tap, since the level of difficulty is different. The original meaning was pouring from a bottle or jug of
water, and this was added to clarify understanding. Secondly, it
was discussed if it was enough if the child could push the sleeves
up on the non-affected arm with the affected arm, instead of rolling up the sleeve; however, according to the developers, it was
meant to be one of the most difficult items and therefore rolling
up the sleeve was maintained and clarified. Lastly, using a bread
box in Denmark is uncommon, so we decided to follow the
French version which refers to a “lunch box” [52].
Cognitive testing of the pre-final version revealed no major
issues regarding the completion of the questionnaire and almost
all of the participants had the correct understanding of the items.
It took 5–10 min to complete the questionnaire.
Participants
To assess the psychometric properties, 150 children diagnosed
with CP participated, 46 of whom were stable and completed the
retest survey. The participating children had a mean age of
10 years (range: 6–15) and 74% (n ¼ 111) of the proxies were
mothers. Most participated in special schools (46.0%) or attended
regular primary school (30.7%). Their manual ability was mostly
classified as MACS level I (38.0%) or II (36.0%) (Table 1).
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Table 3. Detailed results from Rasch analysis of the ABILHAND-Kids (DK) questionnaire.
Parameter
Fit to the model
X2, p-value
Mean item fit residual (SD)
Mean person fit residual (SD)
Item misfit
Disordered thresholds
Local dependence

DIF by:
Age group
Mother/father as proxies
Choice of school

Resultsa
Fits the Rasch model
X2 ¼ 54.70 (df ¼ 42), p ¼ 0.09
–0.30 (1.02)
–0.20 (0.80)
No items were misfitting
Item 15 (switching on a bedside lamp)
Items: 1 (opening a jar of jam) and 11 (unscrewing a bottle cap).
2 (putting on a backpack/schoolbag) and 8 (taking off a T-shirt).
4 (unwrapping a chocolate bar) and 19 (opening a bag of chips).
12 (zipping up trousers) and 18 (buttoning up trousers).
Non-uniform DIF for item 15 (switching on a bedside lamp)
No DIF
No DIF

DIF: Differential Item Functioning. All results based on Bonferroni adjusted p-values < 0.0024.
n ¼ 150, 18 with extreme scores, 132 valid scores, 3 class intervals.

a

Eighty-five percent (n ¼ 127) of the parents found the
ABILHAND-Kids (DK) relevant or very relevant. Most of those who
did not find it relevant had a child with either no activity limitations or with very severe problems, where all activities were
impossible to do.
Missing items
Missing items were generally well below 10% and ranged from
0.5% (item 11, “Opening a cap of a toothpaste tube”) to 8.3%
(item 12, “Opening a lunch box”).
Structural validity
The confirmatory factor analysis showed that the one-factor solution of the ABILHAND-Kids (DK) had an approximate fit to the
data with a v2(189) ¼ 341.582, p < 0.000, SRMR ¼ 0.07, RMSEA ¼
0.07 and CFI/TLI ¼ 0.98. Standardized factor pattern loadings
ranged from 0.70 to 0.98 (Table 2).
The Rasch analysis yielded a non-significant v2 test for itemtrait interaction (p ¼ 0.09), indicating that the data fitted well to
the Rasch model and that the hierarchical ordering of the items
was consistent across all levels of manual ability of the hand
(Table 3).
The overall item and person fit residuals were acceptable with
mean values close to zero and standard deviations close to one.
No misfitting items were identified when the fit residuals
were inspected.
Testing for DIF showed non-uniform DIF by age group for item
15 (switching on a bedside lamp).
When examining for item dependency, we identified four pairs
of items that showed local item dependency. The average correlation (cor) was –0.045, and the item pairs were: item 1, opening a
jar of jam and item 11, unscrewing a bottle cap (cor, 0.300); item
2, putting on a backpack/schoolbag and item 8, taking off a Tshirt (cor, 0.424); item 4, unwrapping a chocolate bar and item 19,
opening a bag of chips (cor, 0.338); item 12, zipping up trousers
and item 18, buttoning up trousers (cor, 0.247). Re-running the
analysis iteratively, omitting item 15 and with locally dependent
items clustered into testlets, resulted in lower significant v2 p-values with no threshold disordering (omitting item 15); however,
DIF did not improve. Consequently, our re-analyses involving
removing item 15 and clustering locally dependent items did not
lead to the removal of any items from the ABILHAND-Kids (DK).
The item hierarchy of the Danish ABILHAND-Kids was evaluated and compared to the original version [23]. The easiest item
was item 15 (switching on a bedside lamp), whereas the most difficult item was “Buttoning up a shirt/sweater” (item 13) (Table 4).

When comparing the hierarchy of the ABILHAND-Kids (DK) items
to the items in the original version, we found item ranking differences of between 0 and 9 locations, with differences of 3 and 4
locations being the most numerous. Item 4 (unwrapping a chocolate bar) had the largest item ranking difference (9 locations)
and was ranked as more difficult in the Danish version than in
the original version (Figure 1).
Threshold ordering showed disordering for one item (item 15,
switching on a bedside lamp) and the response option “difficult”
had a lower probability of being endorsed, compared to
“impossible” or “easy”. The other 20 items showed no signs of
threshold disordering (Figure 2).
Lastly, we looked at the targeting of persons and items (Figure
3). Generally, the item thresholds of the ABILHAND-Kids (DK) covered most levels of person ability in the range of –3 to þ4 logits.
However, no item thresholds covered the least able children (logits < 3) and the most able children (logits > 4).
Reliability
The PSI value of the full scale was 0.92, indicating an ability to
discriminate between participants with 4 or 5 different levels of
disability. Furthermore, internal consistency of the ABILHAND-Kids
(DK) was excellent, with Cronbach’s a ¼ 0.96.
Measurement error was visualized using the Bland-Altman
method (Figure 4). This showed a systematic error of 0.5 and
LOAs ranging from [–4.8; 5.5]. The SDC was calculated to be
5.15 points.
Test-retest reliability was excellent. Our results revealed an ICC
2.1 A ¼ 0.97 (CI: 0.95; 0.98).
Floor and ceiling effects
Using the scale width method, we found an acceptable floor
effect of 4.7%. However, the data showed that 24.7% of the
scores were within measurement error at the ceiling of the score
range. This indicates that almost a quarter of the participants
found the majority of the items easy to perform.

Discussion
The ABILHAND-Kids was successfully translated into Danish and
appears to be easily understandable and culturally appropriate to
children with CP. Generally, the Danish version was reliable with
an excellent internal consistency (a ¼ 0.96) and test-retest reliability (ICC2.1A ¼ 0.97). The measurement error was considered
acceptable, with an SDC ¼ 5.15 points, and we consider the systematic error of 0.5 points to be negligible. Furthermore, the
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Table 4. Individual item fit analysis of ABILHAND-Kids (DK).
Item
15
10
16
14
5
21
3
9
8
11
4
17
2
20
19
7
12
1
6
18
13

Question description
Switching on a bedside lamp
Opening a bread box
Putting on a hat
Filling a glass with water
Washing the upper-body
Taking a coin out of a pocket
Opening the cap of toothpaste tube
Squeezing toothpaste onto a toothbrush
Taking off a T-shirt
Unscrewing a bottle cap
Unwrapping a chocolate bar
Fastening the snap of a jacket
Putting on a backpack/schoolbag
Zipping-up a jacket
Opening a bag of chips
Sharpening a pencil
Zipping-up trousers
Opening a jar of jam
Rolling-up a sleeve of a sweater
Buttoning up trousers
Buttoning up a shirt/sweater

Difficulty
–2.935
–2.002
–1.573
–1.461
–1.296
–0.932
–0.691
–0.689
–0.598
–0.051
0.205
0.292
0.303
0.473
0.553
0.843
1.038
1.573
1.975
2.250
2.722

SE
0.354
0.234
0.216
0.208
0.206
0.195
0.189
0.194
0.181
0.177
0.178
0.175
0.166
0.166
0.173
0.172
0.175
0.174
0.187
0.180
0.180

Fit residual (z)
–0.457
–0.634
–0.517
0.071
0.378
0.488
–0.556
–2.178
–1.659
2.170
0.307
–0.840
0.501
–1.093
0.452
–1.734
–1.412
0.838
0.595
–0.365
–0.675

v2
1.204
2.870
1.961
3.652
7.528
1.923
4.798
7.260
7.921
3.125
0.409
0.190
2.065
0.912
0.653
2.165
1.918
2.306
0.925
0.345
0.571

P
0.55
0.24
0.38
0.16
0.02
0.38
0.09
0.03
0.02
0.21
0.82
0.91
0.36
0.63
0.72
0.34
0.38
0.32
0.63
0.84
0.75

Note. Items are sorted by level of difficulty, with the easiest items at the top.
In logits; Chi squared fit statistics at 2 degrees of freedom, P: None were statistically significant after Bonferroni adjustment
to p ¼ 0.0024.

Figure 1. Item hierarchy of the Danish ABILHAND-Kids compared to the original French version.

ABILHAND-Kids (DK) was unidimensional with acceptable factor
loadings, and it fitted the Rasch model well (v2 p ¼ 0.09). One
item showed DIF, four pairs of items showed signs of local
dependence, one item had disordered thresholds and item
threshold targeting favoured hand abilities ranging from –3 to þ4
logits. Lastly, a ceiling effect of 24.7% was found.
Our study showed that the ABILHAND-Kids (DK) had sound
internal consistency and test-retest reliability with an acceptable
measurement error of 5.15 points. Other cross-cultural adaptations
have reported comparable ICCs, ranging between 0.81 and 0.98
[25,26,29,53]. An Arabian study [29] reported the highest ICC
value, but they also had the shortest period between test and
retest (5.8 days); this may cause more recall bias and hence a
larger ICC-value. Cronbach’s a has been reported between 0.81
and 0.99 in other studies [25,26,28], which is comparable to our

findings. Reported measurement error ranges from 6.13 to 7.1
points in comparable studies [25,28], which is why our error of
5.15 points for ABILHAND-Kids (DK) seems valid.
The assumption of unidimensionality in carrying out a Rasch
analysis was confirmed in a CFA with a non-significant v2 test,
acceptable fit indices and factor loading well above 0.7. Our
Rasch analysis revealed local dependence of four item pairs: opening a jar of jam (item 1) and unscrewing a bottle cap (item 11); putting on a backpack/schoolbag (item 2) and taking off a T-shirt (item
8); unwrapping a chocolate bar (item 4) and opening a bag of chips
(item 19), and lastly zipping up trousers (item 12) and buttoning up
trousers (item 18). Local dependence indicates that the items are
linked, such that the response to one item governs the response
to the other. This can be an inherent structural dependency
where the answer to one item logically leads to a specific answer
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Figure 2. Threshold map of the ABILHAND-Kids (DK) questionnaire. Note. The map shows the children’s expected score for each item as a function of the underlying
manual ability measure. 1 ¼ impossible; 2 ¼ difficult; 3 ¼ easy.  Disordered thresholds.

Figure 3. Person-item threshold distribution of the ABILHAND-Kids (DK) questionnaire. Note. The top graph shows the children’s manual ability estimates, and the bottom graph shows the item thresholds. Less difficult items and less able children are located to the left side of the logit scale; more difficult items and more able children are located to the right side of the logit scale.

of the other item, or a redundancy-dependency where item content overlap causes non-independence [43]. In the Rasch analysis
of the Arabic version, local dependence was found for buttonrelated items (items 13, 17 and 18) and zipping-related items
(items 12 and 20), which is why items 12 and 18 were removed
[29]. Other studies also removed misfitting items [28,30].
However, we decided not to remove any items, as all of them
were deemed clinically relevant, and the removal of items
resulted in a poorer fit to the Rasch model.
In examining the item difficulty hierarchy, some discrepancy
was found in comparison with the order of the items in the original version. There was an item location difference of between 0

and 9 locations, indicating that, from one country to another,
there are differences in the difficulty of the items. The item
unwrapping a chocolate bar had the largest number of differences
(9 locations). According to the original analyses, it is the easiestbut-one activity in the English/French version, but our study
found it significantly more difficult. A reasonable explanation for
this finding may be that chocolate bar wrappings come in a variety of forms that may be more or less difficult to open. Opening
a bag of chips was also found to be more difficult in a Danish
context, without any known reason. However it might be because
of the sizes of the bags. In Denmark most often family packs are
used. These differences indicate the importance of using a specific
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Figure 4. Bland-Altman plot of the ABILHAND-Kids (DK). Note. The dotted lines (- - - -) show the 95% limits of agreement (LOAs), and gives an estimation of the prediction interval where 95% of the differences between the two measurements lie. The _ . _ . _ line shows the systematic error.

scoring algorithm for the Danish data, instead of using the available English/French version on the official homepage.
Furthermore, the item switching on a bedside lamp misfitted the
Rasch analysis, since the response categories for this item did not
function in the intended way. A plausible reason is that switching
on a lamp is a non-complex action that either can or cannot be
performed, and intermediate difficulty levels are unlikely. Most
participants found it easy to switch on a bedside lamp (n ¼ 134)
whereas only a few participants found it difficult (n ¼ 7). Small
variations in item difficulty were also found in other studies
[25,27,29,30]. For example, “rolling up a sleeve of a sweater” was
found to be easy in the Arabic version, whereas the intention of
the original developers was for this to be one of the most difficult
items, as reflected in the Danish version [29].
The analysis of targeting (Figure 3) showed that no items cover
children with either a very good or a very poor manual ability,
but most other children were covered by the ABILHAND-Kids
(DK). We suggest that a future revision of the ABILHAND-Kids (DK)
include items covering the extremes of hand ability in exchange
for locally dependent items. These findings follow the statements
from our participants, where 17 out of the 23 parents who did
not find ABILHAND-Kids (DK) relevant, scored all tasks either as
easy or impossible. Furthermore, the large ceiling effect indicates
that items covering difficult activities could be favourably added,
making the scale more responsive. It is likely that the ceiling
effect is caused by most children being classified as MACS I or II,
despite the fact that good cognitive ability and well developed
coping strategies also have an influence. Other studies examining
floor and ceiling effects do not report unacceptable findings; this
might be because they included fewer children with MACS I and
used a less complex method to assess floor and ceiling effects
[25,28,29]. By the ordinary, less complex method, we found a floor
and ceiling effect of 1.3% and 7.3%, respectively, indicating no
noteworthy floor or ceiling effects.
Methodological considerations
It is a strength of this study that the translation guideline was
carefully followed. However, it would have been more appropriate

if the original French version had been the object of translation
rather than the English version. Since this was not the case, we
subsequently had the French version translated to Danish by a
native French-speaking lay person. In this translated version, we
found misfit only in the item about the lunchbox. Several other
studies also translated the English version and found their translations to be valid and reliable [25,26,28,29].
The Rasch analysis detected four pairs showing item dependency. We chose not to model the dependency as it resulted in a
poorer fit to the Rasch model and because we found the items to
be clinically important. Consequently, our reliability may be
inflated, as internal consistency is dependent on the number of
items in a scale [34].
In terms of the external validity of our results, the distribution
of participants according to MACS level deviated somewhat from
the distribution reported in the annual report from the National
Danish Cerebral Palsy Follow-up Program [54], by having a higher
proportion of children classified with MACS level I. However, the
report only shows the MACS level for 65% (n ¼ 695) of the total
population (n ¼ 1074), and it is likely that the non-included children are the ones with the highest functional level. Furthermore,
other studies have shown that children with MACS level I represent the majority of the total group–which is in line with the present study [55,56].

Conclusion
The Danish version of the ABILHAND-Kids was culturally appropriate and easy to understand for the parents and the advisory
board. The present study shows evidence supporting its structural
validity as a unidimensional measure of manual ability that can
be transformed to provide interval-level data. Additionally, the
measure displays excellent test-retest reliability and internal consistency. However, a significant ceiling effect was found. The psychometric properties suggest that the Danish version of the
ABILHAND-Kids is valid and reliable and can be used in clinical
practice and research to measure manual ability in children with

DANISH TRANSLATION OF THE ABILHAND-KIDS

CP, with the exception of the most able children. Further studies
to assess responsiveness of the Danish version are needed.
[11]
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