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AIM To investigate the validity of the internet-based version of the Children’s Hand-use
Experience Questionnaire (CHEQ) by testing the new four-category rating scale, internal
structure, and test-retest reliability.

METHOD Data were collected for 242 children with unilateral cerebral palsy (CP) (137 males

and 105 females; mean age 9y 10mo, SD 3y 5mo, range 6-18y). Twenty children from the

ABBREVIATIONS

CHEQ Children’s Hand-use Experience
Questionnaire

ICC Intraclass correlation coefficient

OBPP Obstetric brachial plexus palsy

ULRD Upper limb reduction deficiency

study sample (mean age 11y 8mo, SD 3y 10mo) participated in a retest within 7 to 14 days.
Validity was tested by Rasch analysis based on a rating scale model and test-retest reliability
by Kappa analysis and intraclass correlation coefficient (ICC).

RESULTS The four-category rating scale was within recommended criteria for rating scale
structure. One item was removed because of misfit. CHEQ showed good scale structure
according to the criteria. The effective operational range was >90% for two of the CHEQ
scales. Test-retest reliability for the three CHEQ scales was: grasp efficacy, ICC=0.91; time

taken, ICC=0.88; and feeling bothered, ICC=0.91.

INTERPRETATION The internet-based CHEQ with a four-category rating scale is valid and
reliable for use in children with unilateral CP. Further studies are needed to investigate the
validity of the internet-based version of CHEQ for children with upper limb reduction
deficiency or obstetric brachial plexus palsy and the validity of the recommended
improvements to the current version.

Children with unilateral hand dysfunction frequently
encounter difficulties in daily activities, in particular related
to performance of bimanual activities." The Children’s
Hand-use Experience Questionnaire (CHEQ) has been
developed to capture children’s perceived quality of perfor-
mance when using the affected hand in these situations.”
The CHEQ has a unique feature in that it is an assessment
of both the use of the affected hand in bimanual activities
and the children’s experience of their performance during
these activities. The importance of capturing perceived
performance in the children’s own environment has
resulted in the development of several instruments.’ The
review by Wallen and Stewart also highlighted that several
of the available instruments need to be further clarified
according to their item selection, validation, test-retest
reliability, and sensitivity to change.’

The CHEQ was developed for children aged 6 to 18
years with unilateral hand impairment caused by unilateral
cerebral palsy (CP), upper limb reduction deficiency
(ULRD), or obstetric brachial plexus palsy (OBPP). The
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quality aspects of hand function are evaluated in CHEQ
on three scales: grasp efficacy; time taken to perform the
activity; and feeling bothered by the affected hand during
performance of the activity. The CHEQ is recommended
to be answered as self-report by the child from about 12
years of age, together with parent or guardian before this
age or later if needed, or by parents or guardians as proxy.”
The questionnaire is now internet-based, easily accessible,
free to use, and has been translated into 12 different lan-
guages (www.cheq.se).

In a previous article describing the development and val-
idation of CHEQ, the appropriateness of the included
activities was confirmed by their reported relevance and
bimanual nature, and the internal structure of the scales
was confirmed by Rasch analysis.” The first version was
paper-administered with 10 category rating scales (1-10),
later collapsed into four-category rating scales (1-4) as a
result of the Rasch analysis.” Although previous results
showed that the 10-category version of CHEQ is a valid
instrument for the assessment of experience of bimanual
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activities in children and adolescents with unilateral hand
dysfunction,2 there is a need to investigate the validity of
the new four-category rating scale. In addition, since a
change in the rating scale may have consequences for the
validity of the overall instrument, new analyses of internal
validity are required. Further, the testretest reliability
needs to be investigated to increase the validity of future
score interpretations.”

Thus, the aim of this study was to evaluate the psycho-
metric properties of the internet-based version of CHEQ
in terms of the four-category rating scale, test content and
internal structure of the internet-based version, and the
test-retest reliability of CHEQ in children with unilateral
CP.

METHOD

A cross-sectional online survey design was chosen. Data
were collected in six different countries: Australia, Israel,
Italy, the Netherlands, Sweden, and the UK. For each lan-
guage version of CHEQ), the translation was performed in
the respective country. For the retest, a subgroup of the
Swedish children was used.

Participants and data collection

A total of 242 children with unilateral CP participated in
this study. This sample size is sufficient to achieve stable
item calibration within a standard deviation (SD) of 0.5
logits with a 99% confidence interval (CI).” The age range
was 6 to 18 years old (mean age 9y 10mo, SD 3y 5mo).
More descriptive data are presented in Table I. Twenty of
the Swedish children (mean age 11y 7mo, SD 3y 8mo) par-
ticipated in the test-—retest assessment after an interval of 7
to 14 days.

The participants represent a convenience sample: some
children were participants in other studies where CHEQ
was included in the data collection, other children were
recruited specifically for this study, and the remainder
answered the questionnaire for clinical purposes and gave
consent to the data being used for research. One hundred
and eighty-six (77%) parents answered CHEQ on behalf
of their child and, for a further three children (1%), the
CHEQ was answered by another proxy. Forty-three partic-
ipants (18%, all >12y) completed the CHEQ by self-

What this paper adds

e CHEQ can be used to consistently measure the experience of dysfunctional
hand use.

e CHEQ four-category rating scale provides a valid estimation of children’s
hand use experience.

® Test-retest reliability of CHEQ is high for children with unilateral CP.

report, and 10 participants (4%) completed the CHEQ
together with their caregiver. For the retest, 20 children
participated: 10 children with parents as proxy, and 10
children answered the CHEQ themselves. The same per-
son completed the CHEQ on both occasions.

The study was approved by the Regional Ethical Review
board of Stockholm, Sweden, and was performed in accor-
dance with the ethical principles of the Declaration of Hel-
sinki.’ Informed consent was given by the carers of the
participating children.

Instrumentation

CHEQ is an internet-based questionnaire containing 29
items (bimanual activities) presented one by one in random
order. It can be answered as self-report by the child, by
parents, or others answering CHEQ together with the
child, or by parents or other caregivers as proxy. For chil-
dren aged 12 years or younger, it is recommended that
parents answer CHEQ together with the child or as a
proxy, whereas adolescents are expected to answer CHEQ
by self-report. For each CHEQ item there are two open-
ing questions. The first question reads: ‘Is this something
you usually do independently?’, and has the response
options: ‘yes’, ‘no’, ‘I get help/avoid doing it’, or ‘not appli-
cable’. If the answer is ‘no’ or ‘not applicable’, the item is
scored as missing and the respondent moves to the next
item. If the answer is ‘yes’, the second opening question
appears: ‘Do you use one hand or both hands together?’,
with the response options: ‘one hand’, ‘both hands’, ‘with
the involved hand supporting but not holding’, and ‘both
hands, with the involved hand holding the object’.

Next, the respondent’s experience is evaluated by three
questions rated on four-category scales with verbal anchors
on each end, constituting three dimensions of hand use:
grasp efficacy, indicating how effective the grasp is per-
ceived, where 1 is ‘ineffective’ and 4 is ‘effective’; time

Table I: Descriptive information on the participating children

Age group in
years

Country n <12 >12 Mean age (SD) Sex female/male Affected side right/left
Australia 33 32 1 8y 4mo (2y 2mo) 11/22 a
Netherlands 61 56 5 8y 4mo (2y 11mo)® 25/36 36/25
Israel 28 24 4 8y 11mo (3y) 13/15 2177
Italy 46 31 15 10y 6mo (3y 7mo) 19/27 32/14
Sweden 47 26 21 11y 8mo (3y 8mo) 26/21 19/28
UK 27 17 10 11y 5mo (3y) 11/16 19/8
Total 242 186 56 9y 10mo (3y 5mo)° 105/137 127/82

aMissing information for 33 children from Australia. "Missing information for four children from the Netherlands.
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taken, indicating the time taken to perform the activity
compared with peers, where 1 is ‘considerably longer’ and
2 is ‘equally long’; and feeling bothered, indicating whether
the child feels irritated, sad, or uncomfortable when doing
the activity, where 1 is ‘it bothers me a lot’ and 4 is ‘it
does not bother me at all’. Approximate time to answer
CHEQ is 30 minutes. When this is finished, the system
automatically generates the results in a PDF file, including
the scores on each question and the average value of each
scale.

Statistical analysis

To provide evidence of validity based on test content, the
opening questions were reported as descriptive statistics.
Rasch analysis was used to assess the internal structure,
and to convert the ordinal data into interval data. More
information about Rasch analysis can be found elsewhere.’
Each scale was analyzed separately using the rating scale
model.>® Evidence of validity was sought for: rating scale
functioning according to guidelines described by Linacre;’
internal structure according to Fisher;'” and item-fit statis-
tics where information-weighted (infit) mean square values
between 0.71 and 1.40 logits, in combination with an infit
z-standardized value between —2.0 and 2.0, were consid-
ered acceptable'®!! (Table II). At least 95% of items (28/
29) should be within this range.'? Targeting between the
CHEQ items and children’s responses was assessed by
effective operational range of CHEQ, difference between
item and person mean, and ceiling and floor effects. The
effective operational range indicates the proportion of par-
ticipants covered by the instrument was based on 50%
cumulative thresholds.”® For this study, if >90% of the
children were within this range, targeting would be
regarded as high (Table II).

To assess test—retest reliability on the opening questions,
Kappa analysis was used. The strength of the agreement
was interpreted according to Fleiss’s guidelines:'* poor
agreement for k<0.40; fair to good agreement for k>0.40
and <0.75; and excellent agreement for x>0.75. For the
three scales representing the child’s experience, a two-way
mixed effects model was used to generate an intraclass cor-
relation coefficient (ICC [2,1]) with 95% CL! Data
were normally distributed (Shapiro-Wilk test, p=0.352—
0.969) and ICCs were calculated on the logit measure for
each person on each of the three scales. A reliability coeffi-
cient above 0.80 is desirable for group-level comparisons
and above 0.90 for individual comparisons.'” The Win-
steps version 3.80.1 Rasch analysis software (Winsteps,
Beaverton, OR, USA) was used for analyzing the data.'®
spss version 22 (IBM Corp., Armonk, NY, USA) was used
for ICC and Kappa analyses.

RESULTS

The activities were performed independently by 26% to
95% of the children (Table III). Generally, the easier
activities were performed by most of the children, whereas
a large proportion of the difficult activities were rated ‘not

Table Il: Recommended and observed values of the validity criteria for the Children’s Hand-use Experience Questionnaire

Observed value

Feeling bothered

Grasp efficacy Time taken

Recommended value

Criterion

365, 1131, 1777, 1319 270, 923, 1362, 1931

141, 887, 1673, 1366
—-0.87, —0.13, 1.38, 3.30

None, —2.57, 0.02, 2.55

>10 observations/category
Increased monotonically
Increased monotonically

1.4-5.0 logits

Number of observations (1, 2, 3, 4)

Average measure (1, 2, 3, 4)*P

Rating scale

—1.13, —0.25, 0.89, 3.20
None, —1.95, —0.03, 1.99

1.9, 2.0

—1.28, —0.32, 0.97, 2.93
None, —2.11, —0.11, 2.22

functioning

1.55 (0.63)

2.0,2.3

0.67 (0.46)
90

2.1

1.2

0.92

0.92

35

3.5
53.8

2.0

1.22 (0.52)

25,25

—1.0 to 1.0 logits®

>90%°

<2.0 eigenvalue

<2%
<2%

>0.80

>0.80
>2

>60%
<5%

>2

Unexplained variance by first contrast

Distance between adjacent steps®
Value

Difference in mean (SE)P
Explained variance by measure

Effective operational range

Ceiling effect

Step difficulties (1, 2, 3, 4)*°
Floor effect

Person reliability

Item reliability
Person separation

Item separation
a1, 2, 3, 4 are the rating scale categories. "Measures in logits. Recommended values for rating scale functioning are based on Linacre,® and for CHEQ as a rating scale instrument are based

on Fisher,’® except where no criteria are available — cut-off values are based on a number where most participants will be covered by the instrument. Embolden values are deviations from

the criteria. CHEQ, Children’s Hand-use Experience Questionnaire; SE, standard error.

rating scale
instrument

CHEQ as a
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applicable’ for many of the children. This is shown by the
number of missing values for each scale (the maximum is
6776, i.e. 242 childrenx28 items): grasp efficacy, 2709
(39%); time taken, 2184 (32%); and feeling bothered, 2290
(34%). The applicable activities were performed using both
hands by 24% to 88% of the children, while the remainder
used one hand (Table III). This gives an indication of the
relevance of the test content. An initial item-fit analysis
demonstrated that the item ‘Fasten a necklace’ misfits all
three scales. This item was subsequently removed and fur-
ther analyses were based on 28 items.

Rating scale functioning

Average measures and step difficulties were ordered and
increased monotonically, and the distances between adja-
cent thresholds were within the recommended range
(Table II). The number of observations for rating scale
category 1 was acceptable but the proportion was low
compared to categories 2 to 4 (grasp efficacy 3%, time
taken 8%, and feeling bothered 6%).

Validity based on internal structure
The CHEQ scales showed good unidimensionality,
although the explained variances were below the recom-
mended value. The standardized residuals of the items
were distributed randomly in the first principal component
analysis of residuals which meant the secondary dimension
could not affect the main dimension (Table II). Item and
person reliability were high, and the separation showed
that CHEQ was able to distinguish between participants
based on grasp efficacy, time taken, and feeling bothered.
In contrast, the opening questions were not able to distin-
guish between participants based on what activities they
performed (separation 1.89) or whether they used the
affected hand for grasp or support (separation 1.74).

The effective operational range in grasp efficacy and time
taken was >90%, whereas in feeling bothered about 27% of
the children were outside the operational range. This was

confirmed by the ceiling effect for the scale (Table II).

Table IV: Test-retest reliability for the online version of Children’s Hand-
use Experience Questionnaire in children with unilateral cerebral palsy

n ICC 95% ClI

Whole group

Grasp efficacy 19 0.89 0.73-0.96

Time taken 20 0.87 0.69-0.94

Feeling bothered 20 0.91 0.79-0.96
Parent proxy-report

Grasp efficacy 10 0.85 0.50-0.96

Time taken 10 0.93 0.74-0.98

Feeling bothered 10 0.93 0.75-0.98
Child self-report

Grasp efficacy 9 0.92 0.35-0.98

Time taken 10 0.74 0.22-0.93

Feeling bothered 10 0.83 0.45-0.95

ICC, intraclass correlation coefficient; Cl, confidence interval.

Item fit statistics showed acceptable fit for the scales
grasp efficacy and time taken, but in feeling bothered three
items (11%) were misfit (Table III).

Test-retest reliability

In the retest with 20 children, the group-level Kappa
analysis for the opening questions showed fair to good
agreement for performing the activity independently (aver-
age « 0.63) and for using the affected hand as support or
to grasp (average k 0.57). The ICC was high for all three
CHEQ scales (average ICC 0.87-0.91), sufficient for
group-level comparisons, and near sufficient for individual
comparisons (Table IV). The results were similar when
analyzing the data separately for parent proxy-reports and
child self-reports, except for the scale time taken, where
child self-reports showed a lower reliability.

DISCUSSION

The results show that the CHEQ is a valid tool for use in
children with CP: the four-category rating scale is used as
expected, the internal structure of the CHEQ scales was
acceptable, and the test—retest reliability was excellent, with
the ICC values providing a strong indication that results
from CHEQ assessments are reliable.

There has been a lack of valid and reliable question-
naires to measure children’s perspective of using their
hands in daily activities.'”? In today’s health care, empha-
sis is placed on client-centred practice where the children’s
perspective and their preferences when deciding on inter-
ventions are important. CHEQ could be a useful tool for
this purpose. CHEQ provides a different perspective on
hand function compared to tests measuring observed abil-
ity, such as the Assisting Hand Assessment.'” CHEQ is
also different from ABILHAND-Kids, a questionnaire that
has a broader perspective on activities of daily living not
specifically related to problems apparent in children with
unilateral hand impairment.”!

The high ICC values in this study demonstrate that
CHEQ can discriminate well between different ability
levels in the scale, supporting the valid use of CHEQ both
for individual decision-making and group comparison in
research.'” An important finding is that there were only
minor differences, although larger variation, between
respondent groups, namely parents acting as proxies for
the younger children compared to the older children’s self-
reports. This indicates that parent proxy-reports on time
taken and feeling bothered are more stable compared to
children’s self-report, whereas children’s report on grasp
efficacy is more stable than the parents’ proxy-report. This
finding is important when using CHEQ for pre- and post-
testing. The reason for this difference between respondent
groups is not evident and requires more research to under-
stand. Further studies with larger samples are needed to
confirm this and to calculate the smallest detectable differ-
ence for CHEQ in both proxy and self-rating versions.

Although parents can serve as proxy, it is important to
recognize that the ratings are neither perceived experience

Validity and Reliability of CHEQ Ahmed Amer et al. 5



(as scored by the children themselves) nor perceived expe-
rience (as experienced by parents) but merely the parents’
perception of their child’s experience, and the scorings are
not directly comparable. An earlier study by Ylimainen
et al.?? found that there was a discrepancy between chil-
dren’s and parents’ ratings. It would be interesting to com-
pare CHEQ ratings made by parents to the ratings of their
child to further explore the parents’ understanding of their
child’s experience of the hand function in activities of daily
living.

The results confirmed that the CHEQ items are able to
differentiate between children’s experience of hand use
when performing the selected activities. Overall, the items
demonstrated good fit to the construct and targeting of the
children’s experience. However, the results also showed a
ceiling effect, especially on the scale feeling bothered. Fur-
thermore, the most difficult activities (e.g. ‘Open a bag’ or
‘Cut meat’) had a high number of ‘not applicable’ and ‘no’
responses to the question about performing the activity
independently, and were thus rated by a very low number
of respondents. This suggests that the difficulty of the
activity may be the reason for the low response rate for
that item, as the children may typically ask for help to per-
form these activities. Furthermore, in this scale there were
three items that misfit, indicating that they gave unex-
pected responses, two of which (‘Handle playing cards’ and
‘Cut meat’) were difficult activities with a low number of
responses.

When comparing the results from this study to the pre-
vious validation study on CHEQ,? the number of items
with an unacceptable rate of ‘not applicable’ (more than
10%) responses is high: previously three items and in this
study 11 items (Table III). Furthermore, the three items in
the previous study have an increased proportion of ‘not
applicable’ responses in this study: ‘Cut on chopping
board’ (18%); ‘Peel an orange’ (24%); and ‘Fasten a neck-
lace’ (45%). The difference between the studies (multicul-
tural sample, single type of dysfunction) may explain the
discrepancy, but this needs to be verified in future studies
on children with ULRD or OBPP in different countries.

Limitations

In order to get a large enough sample for the analyses, chil-
dren from different countries were included in this study.
This could be a potential limitation. Children living in dif-
ferent countries with different cultures, may experience the
CHEQ items differently. This may explain the difference in
the proportion of ‘not applicable’ items and some of the mis-
fits of items on the CHEQ. However, as the major results
are in favour of this version of CHEQ, the use of a varied
sample could in fact strengthen the validity of CHEQ for
use in different countries. Several language versions of
CHEQ were created and, although the translations were
made in a rigorous way,” there may nonetheless be some
differences between the understanding of the items in the
different language versions. Besides the need for a suffi-
ciently large sample, test evaluation also needs a large
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enough number of responses to each item. Another problem
in this study, induced by the test itself, is the high number of
missing scores. The missing data is a fundamental problem
in the CHEQ instrument. One interesting aspect of a test is
to investigate how the items function on different subgroups,
so-called differential item functioning. The recommended
size of each subgroup for differential item functioning analy-
ses is 200 to 300 participants.”* Hence, it was not possible to
perform country-based differential item functioning analysis
in this study, but this is something that we recommend for
future studies.

Finally, CHEQ was developed for children with OBPP,
ULRD, or unilateral CP, but only the latter were included
in this study. Hence, the results of this study are limited to
children with unilateral CP and we need similar studies on
children with OBPP and ULRD to confirm the results.

Recommended improvements to the CHEQ instrument
Based on the current results, a new version of CHEQ is rec-
ommended in which the number of items is reduced by
omitting the misfit item and possibly by dropping some of
the items that received a large number of ‘not applicable’
responses. The results for the opening questions (whether
the activity is performed independently and how the affected
hand is used) show that they are not useful in distinguishing
children based on their performance and should not be used
as a measure. One way to improve the CHEQ is to remove
the two opening questions from the instrument. This action
will also resolve the problem with the ceiling effect, since
the responses ‘not applicable’ and ‘no’ are no longer avail-
able — instead, the rating category 1 for the grasp efficacy
scale will be adjusted to cover the reported difficulty of the
activity. This means that the respondent will give a score on
the three scales for all items, which may improve the target-
ing of the scale and give a truer picture of the respondents’
experience of using the affected hand in everyday activities
and their level of frustration if they are unable to perform
the activity independently. The practical advantage of this is
that it will be possible to have the raw scores directly con-
verted online to a 0 to 100 scale based on logits from the
Rasch analysis. Also, by taking away these questions, the
time to complete the CHEQ will be reduced. This might be
of clinical relevance since feedback from CHEQ respon-
dents indicates that they find it time-consuming to complete
the questionnaire.

CONCLUSION

In conclusion, the results demonstrate the validity of the
internet-based CHEQ with a four-category rating scale in
children with CP. The test-retest reliability is high, allow-
ing for group level comparisons and near sufficient for
individual comparisons. This means that CHEQ provides
a unique perspective of children’s experience of using the
affected hand in daily activities and can be used as a com-
plement to other tests measuring aspects of capacity and
performance. Given that the development of a test is an
ongoing process, further studies are needed to investigate



the validity of the internet-based version of CHEQ for
children with ULRD or OBPP and the recommended
improvements to the current version.
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