DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Development and evidence of validity for the Children's Hand-use
Experience Questionnaire (CHEQ)

ANNIKA SKOLD' | LISELOTTE NORLING HERMANSSON? | LENA KRUMLINDE-SUNDHOLM" |

ANN-CHRISTIN ELIASSON'

1 Department of Women's and Children's Health, Karolinska Institutet, Stockholm, Sweden. 2 Centre for Rehabilitation Research, Orebro University Hospital, Orebro, Sweden.

Correspondence to Dr Annika Skold at Neuropaediatric Research Unit, Astrid Lindgren Children's Hospital Q2:07, 171 76 Stockholm, Sweden. E-mail: annika@skold.pp.se

PUBLICATION DATA
Accepted for publication 23rd November 2010.
Published online.

ABBREVIATIONS
CHEQ Children's Hand-use Experience

AIM To describe the development of the Children’s Hand-use Experience Questionnaire (CHEQ),
and investigate the evidence of its validity based on test content and internal structure of the three
scales in it.

METHOD The selection of items and questions was based on a literature review, expert opinion,
and interviews with families. Data on the final questionnaire were collected from 86 children and
adolescents (42 males, 44 females) aged 6 to 18 years (mean 12y, SD 3y), with unilateral cerebral

Questionnaire

palsy, upper limb reduction deficiency, or obstetric brachial plexus palsy.
RESULTS After item reduction and evaluation, CHEQ was designed to include 29 bimanual

activities, each rated on three scales of perceived efficacy of the grasp, time taken to perform the
activity, and degree of feeling bothered. The appropriateness of the included activities was
confirmed by their reported relevance and bimanual nature. The internal structure of the scales
was confirmed by Rasch analysis.

INTERPRETATION CHEQ can be used to assess children and adolescents with a unilateral hand
dysfunction on their experiences of using the affected hand to perform bimanual tasks. In clinical
work, CHEQ has the potential to become a useful tool for treatment planning and follow-up.

Daily life comprises a range of activities that more or less
demand the use of two hands."” Children and adolescents
with unilateral hand dysfunction, such as unilateral cerebral
palsy (CP), obstetric brachial plexus palsy, or upper limb
reduction deficiency are generally able to take part in the same
activities as their peers but, when skilful collaborative use of
two hands is needed, they commonly have difficulties.’
There is broad variation between individuals in how much
hand dysfunction influences the performance of daily life
activities. Many children and adolescents find they are less effi-
cient at performing the activities and need more time than
their peers. They also avoid certain activities when their hand
function bothers them a lot. Other activities are performed
using only the non-involved hand, even if they typically
require use of both hands.> Tt has been acknowledged that
assessments specifically developed for children and adolescents
with unilateral deficiency are needed to capture their specific
problems.”™®

Assessments asking for the person’s own experience are an
important complement to observation-based tests of hand
function to yield a broadened perspective of the hand use in
daily life. Standardized tests have a long tradition in health
care for measuring outcome of intervention and describing
personal characteristics. There is, however, no straight rela-
tionship between the person’s capacity in test situations and
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their use of the hand in manual activities of daily life.” Activity
performance is formed by the person’s own abilities and previ-
ous experiences, but also by the demands of the task and the
environment in which it should be performed. Therefore, in
addition to standardized tests, there is a need to assess the
person’s experience of day-to-day satsfaction in an activity
perspective. Some existing questionnaires assessing activity
performance can be used for children and adolescents with
unilateral hand dysfunction but none of these specifically focus
on activities demanding the use of both hands. The ABIL-
HAND-Kids questionnaire was developed for children with
CP and has shown good evidence for validity. However,
three-quarters of the activities could be performed using only
one hand.'® The Paediatric Motor Activity Log'" was devel-
oped for children with unilateral CP but also comprises a mix-
ture of uni- and bimanual activities. The only questionnaire
with a clear focus on bimanual activities is the Prosthetc
Upper Extremity Functional Index. However, this scale is only
applicable to children who use upper limb prostheses.” Thus
there is a need for a new assessment that specifically assesses
individual experiences of different aspects of problems arising
when bimanual activities are to be solved using a dysfunctional
hand.

"The aims of this study were to describe the development of
the Children’s Hand-use Experience Questionnaire (CHEQ),
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including the rationale for item selection of bimanual activi-
ties, and to investigate the evidence of validity based on test
content and internal structure of the scales for measuring
experience of hand use in the performed activities.

METHOD

Part I: development of the CHEQ

Item generation initially focused on identifying usual activi-
ties of young people from 6 years of age upwards that typi-
cally require both hands. The item generation started with a
study of literature and previously existing instruments, rea-
soning from clinical experience and interviews with chil-
dren/adolescents and parents with any of the three diagnoses
of unilateral CP, obstetric brachial plexus palsy, or upper
limb reduction deficiency.'” A total of 373 activities were
examined against the following criteria: (1) requiring the use
of two hands; (2) being frequently performed by many peo-
ple; (3) possible for a wide age range to do; (4) not seasonal;
(5) not too sex- or culture-specific; and (6) not strongly
dependent on other functions, such as balance, gross motor
function, or cognitive functions. Activities were reduced by a
stepwise procedure using field testing and additional reason-
ing between authors. This resulted in a field version compris-
ing 37 activities.

Because CHEQ aims to capture a young person’s experi-
ence of problems with bimanual activities, different quality
aspects of hand use were of interest. Based on study of the lit-
erature, reasoning from clinical experience, and discussion
groups with parents and adolescents, three aspects of hand use
appeared to be most interesting: (1) perceived efficacy of the
grasp; (2) time taken to perform the activity; and (3) experience
of feeling bothered by impaired hand function in the activity.
"Thus questions relating to these aspects were used in CHEQ.

Pilot testing of the field version of the questionnaire was
done by interviews with 18 families. These interviews added
valuable information about the relevance of the activities and
the questions. A final version with 29 activities was established,
based on this information and additional reasoning between
the authors.

Structure of the questionnaire

In the CHEQ questionnaire, each activity serves as a heading
followed by several questions (Appendix S1, published
online). The first question reads, ‘Is this something you usu-
ally do independently?’, and has the response options (1) yes,
(2) no, I get help/avoid doing it, or (3) not applicable. The
following questions are only asked for activities that are

What this paper adds

e Description of the development of the Children's Hand-use Experience Ques-
tionnaire (CHEQ), including the rationale for item selection of bimanual activi-
ties.

e The CHEQ provides valid estimations of children's and adolescent's experi-
ences of hand use on three scales when used for individuals aged 6 to
18 years with unilateral hand dysfunction.

reported as performed independently. The second question
is then, ‘Do you use one hand or both hands together?’, and
has the response options (1) one hand, (2) both hands, with
the involved hand supporting without holding, and (3) both
hands, with the involved hand holding the object. After these
opening questions, which serve to describe whether and how
the activity is performed, the respondents’ experience of the
performance is rated on three separate scales. In this early
version of CHEQ), the ratings were done on a 10-category
scale with adjectives only in the anchors. In the first scale,
grasp efficacy, the question reads, ‘How effective is the
grasp/support?’, and the anchors are ‘ineffective’ (category 1)
and ‘effective’ (category 10). The efficacy of the grasp/sup-
port refers to how well objects are secured in the hand or
stabilized during the activity performance, regardless of
whether it looks awkward or not. In the second scale, time
taken, the question reads, ‘How much time do you need to
do the whole task, compared to peers?’, and the anchors are
‘considerably longer’ (category 1) and ‘equally long’ (category
10). In the third scale, feeling bothered, the question reads,
‘Does your hand function bother you in this activity/situa-
tion?’, and the anchors are ‘it bothers me a lot’ (category 1)
and ‘it does not bother me at all’ (category 10). Feeling both-
ered may include feeling irritated, sad, or embarrassed owing
to the dysfunction of the arm or hand when performing the
activity.

Part II: evidence of validity based on test content and
internal structure
Participants
Inclusion criteria for the study were diagnosis of unilateral
CP, obstetric brachial plexus palsy, or upper limb reduction
deficiency (not using prosthesis) and age 6 to 18 years. A con-
venience sample of 96 families from Stockholm and Orebro
was recruited by an information letter through occupational
therapists in paediatric rehabilitation settings. Ten question-
naires were incompletely or incorrectly filled out. Thus the
analysis was based on data from 86 respondents.

The demographics of the participants are presented in
Table I. The families could choose whether the child or a

Table I: Demographic data of participants

Characteristic Male/female Right/left hand affected Mean age, y (SD) n

Unilateral cerebral palsy 16/15 16/15 11(3) 31
Obstetric brachial plexus palsy 14/12 13/12°2 13 (4) 26
Upper limb reduction deficiency 12/17 12/17 11(3) 29
Total 42/44 41/442 12 (3) 86

?0ne missing.
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parent should be the respondent. However, a recommendation
was given that children below the age of 13 years should be
assisted. This was based on experience from the field testing.
In 32 families, the questionnaires were answered by the child
alone (three of them were aged 11-12y, the rest above the age
of 13y).

Ethical approval was given by the Ethics Research Commit-
tee of Karolinska Hospital in Stockholm. All participants gave
informed consent to the research and to publication of the
results.

Statistics
For the first two questions, asking for (1) independency, assis-
tance, or applicability, and (2) if one or two hands were used,
descriptive statistics were reported for evidence of test content.
The following three questions, constituting the CHEQ scales,
were analysed by Rasch analysis. These analyses were con-
ducted using Winsteps 3.65.0 software (Winsteps.com, Chi-
cago, IL, USA)"? according to a rating scale model. This model
was used because the rating scale was not expected to function
differently between items. We separately analysed each of the
three scales of grasp efficacy, time taken, and feeling bothered.
Validity was analysed through an accumulation of evidence
based on internal structure."* We optimized the effectiveness
of rating scale category according to the essendal guidelines
described by Linacre:" the number of observations in each
category exceeding 10; the measure advancing monotonically
by category; and an outfit mean-square of <2. The impact on
the validity and reliability of various alternatives of collapsing
rating scale categories was also examined according to the
recommendations of Bond and Fox.'® The goodness of fit
was examined for each item in each scale. Criteria for misfit
were set to infit MnSq >1.4 in combination with a z-value of
>2.0, which identifies items that show underfit to the expected
hierarchy of item difficulty.'” The data were considered to fit
the model when 95% of the items showed acceptable fit.'®
Targeting of these three scales, namely how well the items
cover the intended measure, was examined by comparing the
mean person ability measures to the mean item difficulty
measure as well as the spread of persons and items. Mean per-
son measure above 0 indicates disagreement between item
mean difficulty and person mean ability. Reliability was exam-
ined through internal consistency coefficients and separation.
Person and item reliability 20.80 is a minimum for compari-
sons on a group level. The separation ratio was transformed
into a strata index describing the number of significantly dif-
ferent levels of measures existing in the CHEQ scales.'
Person and item strata should be a minimum of two to differ-
entiate between high and low performers. The precision of
the sample mean was evaluated by the standard error value. A
standard error below 0.385 yields a 99% confidence that the
estimate lies within an interval of 1 logit.”* Dimensionality
was examined by principal component analysis. A ‘tentative
guideline’ by Linacre' for principal component analysis is
that unidimensionality is supported if the measures explain
more than 50% of the variance and the first contrast no more

than 5%.

RESULTS

Evidence based on test content

According to the responses to the CHEQ questions, the activ-
ities were found to be relevant to a high degree, commonly
performed independently, and involved the use of both hands
(Table II). ‘Fasten a necklace’ was only performed indepen-
dently by 43%. For the other activities, more than 67% of the
respondents performed them independently. At most 11 (out
of 86) persons found some activities not applicable; this was
the case for ‘Peel an orange’ and ‘Fasten a necklace’. The
activities were performed using both hands by 70.7 to 97.5%
of the respondents (Table II). These response patterns indi-
cate that CHEQ included questions that were by nature
bimanual, found relevant to the age group of respondents, and
typically performed independently.

Evidence based on internal structure

Analysis of the function of the 10 category rating scales
showed an inconsistent order of thresholds between the 10
categories in all three scales. Various alternatives for collapsing
rating scale categories were examined. The use of a four-cate-
gory rating scale fulfilled the essential recommendations by
Linacre.” In all scales, the old category 10 formed the new
category 4. Categories 1 to 9 were distributed with two to four
categories in each new category, varying according to what
gave the best result for each scale. With four categories, each
one exclusively covered a certain proportion of the person’s
ability and the item’s difficulty. The average measure advanced
monotonically for each category and the highest outfit MnSq
was 1.42. The number of ratings in each rating scale category
varied between 26 (for category 1 in the time taken scale) and
765 (for category 3 in time taken). The four-category scale,
compared with the 10-category scale, also improved reliability
and separation values. We conducted further analyses using
the four-category scale.

The Rasch analysis showed misfit for some items in two of
the three scales: grasp efficacy, four items (14%); time taken,
two items (7%). Hence item reduction was done separately for
each scale, removing one item at a time, until at least 95% of
the items in each scale showed good fit. This meant that one
item showing under-fit remained in these two scales. The list
of items is presented in Table II, with the removed items
marked as omitted. There were 8%, 6%, and 10% of the per-
sons showing misfit to each scale respectively. We investigated
the response pattern and did not find any explanatory pattern
for the misfits. All persons were therefore included in further
analyses.

Analysis of the targeting of the three scales showed a
fairly good distribution even though the mean ability mea-
sure of the persons was higher (3.03, 3.35, and 2.90 respec-
tively) than the mean difficulty of the items (by default set
to 0), indicating that the average person’s ability was
greater than the difficulty of the items (Table III). This
was also shown by the number of persons scoring a maxi-
mum on the scales: 15 persons on the grasp efficacy scale,
13 persons on the time taken scale, and 18 persons on the
feeling bothered scale. However, considering the spread of
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Table lll: Rasch results for each of the three Children's Hand-use Experi-
ence Questionnaire scales

Grasp Time Feeling

efficacy taken bothered
Principal component analysis, 61.3% 64.1% 57.4%

variance explained by measures

First contrast 3.9% 3.9% 5.6%
Eigenvalue 2.6 3.0 3.8
Iltems included in each scale (n) 26 28 29
Person separation 3.42 3.81 3.04
Item separation 2.17 2.95 2.38
Person reliability 0.92 0.94 0.90
Item reliability 0.82 0.90 0.85
Person strata 4.89 5.41 4.39
Item strata 3.22 4.26 3.51
Mean standard error of items 0.31 0.30 0.26
Mean person measure 3.03 3.3 2.90

the four rating scale categories, the Rasch maps showed a
correlation between the distribution of item difficulty and
person ability (Fig. la—c). The person separaton demon-
strated that people can be separated into four or five
groups with a reliability of 0.90 to 0.94, varying between
scales (Table III). The range of standard error was from
0.26 to 0.31 (Table III). The principal component analysis
supported unidimensionality for all three scales (Table III).

DISCUSSION

The results of this study demonstrated that CHEQ provides
valid estimations of children’s and adolescents’ experiences of
hand use on three scales when used for individuals aged 6 to
18 years with a unilateral hand dysfunction.

Even though there are other instruments where similar
bimanual activities are included, the unique feature of
CHEQ concerns the combination of different quality aspects
of hand function addressed. Quality of performance has been
rated in other questionnaires'”'!*"*? but not from the same
perspective as CHEQ. In CHEQ), we ask about three differ-
ent aspects of hand use, selected because they are known to
be problematical to children with unilateral deficiency.’*
Efficacy of grasp is important for effective hand use. The
time it takes to perform bimanual activities and whether the
person feels bothered or not when doing them are socially
important aspects for children. Our assumption that these
aspects were important and described separate qualities
of hand use was confirmed by the result showing that each of
them formed a unique dimension with high internal consis-
tency. Moreover, each scale demonstrated a high degree of
ratings, indicating that the participants regarded all three
aspects as valid. This supports the three-scale construct in
CHEQ.

Rasch analysis has the advantage of providing detailed infor-
mation on several quality aspects of a test such as item fit, uni-
dimensionality, and structure of the rating scale. A 10-category
rating scale was initially used, based on the assumption that
respondents prefer this when it comes to expressing feelings.”*

However, the Rasch analysis revealed that respondents did not
use the 10-category scales consistently. We therefore revised
the scales, resulting in improved precision. Another benefit of
Rasch analysis is that it provides valid measures for tests with
missing data. This is done by calculating expected responses
and thereby estimating scores for missing data.* Responses
for different activities may be missing for individual respon-
dents because ratings in CHEQ are only done for indepen-
dently performed activides. In other types of analysis, this
could create a problem of low precision in the item estimates.
However, in this study the results of item standard error
(Table IIT) demonstrate that all item estimates for standard
errors are below 0.385 (0.26-0.31), indicating a precision
within a 1 logit interval.

Answering questions about perceived experience requires
some insights of the respondents. During pilot testing, we rec-
ognized that smaller children tended to give the same answer
for all questions, not really admitting any problems. CHEQ is
therefore recommended for self-rating in children over
12 years. For younger ages, it is suggested that parents support
the child or act as proxy raters. It is known that small children
require a different test design compared with parents and ado-
lescents, one that takes into consideration children’s ways of
thinking and communicating.”* However, it is important to
consider that ratings of children and parents represent two dif-
ferent views, and that differences between the two are to be
expected.”” " In this study, we decided to use data both from
parents and adolescents, because no comparison between
respondents was investigated. When using the CHEQ for fol-
low-up purposes, it is important that the same person has
given the responses.

The CHEQ activities were found relevant for inclusion in
the scales because they were commonly performed using two
hands. This characteristic was seen as a prerequisite for
appraising experiences of bimanual performance. Neverthe-
less, some participants managed to use only one hand for
some common bimanual tasks, for example picking money
out of their purse or buttoning up trousers (see Table II).
This highlights the fact that the actual use of one or two
hands differs among persons with one dysfunctioning hand.
According to our results (Table II), using one hand only may
not have an impact on independence but it may make a per-
son perform slowly or feel bothered when performing a par-
ticular task. One advantage of CHEQ is that the experiences
of the activities are reported for each activity in relation to
the use of one or two hands (Appendix S1). We believe this
makes CHEQ a useful tool in discussing activity perfor-
mance with a person as well as defining whether or not per-
formance of an activity is a problem so as to target
intervention.

This is the first study describing the CHEQ and further
investigation is needed. To strengthen validity, data generated
using the new 1 to 4 scale need to be evaluated as well as the
stability of repeated measurements and sensitivity to change.
The construct of the three scales in CHEQ was based on the
assumption that there is a conceptual difference between
them. This needs confirmation in a future study. Evidence
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Figure 1: (a—c) Map of persons and items in each scale. In the column labelled “persons’, individuals are located at their estimated ability measure on the

equal-interval logit scale. Each “#' in the person column represents two persons: each *.' represents one person. The next three columns present the level

where the probability of an item being rated in either of two categories is 50%. Each "x' is one item.

based on response processes using analysis of differential item
functioning requires more participants but can give valuable
future information as to whether the items function differently
according to sex or diagnosis.

CHEQ is now available as an easily accessible and free web-
based questionnaire (http://www.cheq.se). Hopefully, it will
be useful in planning treatments, setting goals, evaluating
treatment outcomes, and in longitudinal follow-up.
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