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Abstract 

Ahmed Amer (2021): Cross-cultural adaptation and psychometric proper-
ties of two questionnaires for the assessment of occupational performance 
in children with disability: Children’s Hand-use Experience Questionnaire 
(CHEQ) and Pediatric Evaluation of Disability Inventory (PEDI).  
Örebro Studies in Medicine 236. 

Globally, 93–150 million children live with some form of disability, most 
of them live in developing countries. Occupational performance describes 
a person’s ability to execute tasks that are meaningful, in the context in 
which the person lives. The Children’s Hand-use Experience Question-
naire (CHEQ) and the Pediatric Evaluation of Disability Inventory (PEDI) 
are measurement tools developed to measure different aspects of occupa-
tional performance. However, before using these tools in another cultural 
context, evidence of validity in that context should be established. 

The overall aim of this thesis was to investigate the evidence of validity 
for CHEQ and the Uganda version of PEDI (PEDI-UG). 

Study I established the validity of revised CHEQ 1.0 for children with 
unilateral cerebral palsy (CP). The study suggested improvements and in-
clusion of younger children. This led to the development of CHEQ 2.0, 
which was culturally adapted and validated for Jordan in Study II. Study 
III indicated that PEDI-UG had good psychometric properties when tested 
on typically developing children, and it suggested improvements and fur-
ther analysis in children with disability. Therefore, study IV investigated 
the psychometric properties on Ugandan children with CP and confirmed 
the instrument’s validity. However, the differential item functioning anal-
ysis comparing children with CP and typically developing children, and 
the developmental trajectories for both groups, suggested that a separate 
conversion table should be used to transform the total sum score from 
raw scores to a 0–100 scaled score. This thesis shows the importance of 
cultural adaptations and psychometric validation of measurement tools 
before they can be used in new cultural contexts. The Arabic CHEQ 2.0 
and PEDI-UG can be used in the evaluation of rehabilitation interventions 
and will help to fill the need for measurement tools in these countries. 

Keywords: Measurement tool, occupational performance, Rasch analysis, 
reliability, cross-cultural, validity evidence, Jordan, Uganda. 
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1 Introduction 
The word disability is used as an umbrella term for impairments in body 
structure or function, activity limitations and participation restrictions 1-3. 
The disability can be temporary or permanent and can range from simple 
to extremely complex 4. The World Health Organization (WHO) refers to 
disability as the interaction between the individual with a health condition 
and social factors (such as limited social support) 5. The International Clas-
sification of Functioning, Disability and Health (ICF) specifies further that 
a person’s health condition, including disability, is affected by body function 
and structure, activity (execution of a task) and participation (involvement in 
a life situation), in addition to personal and environmental factors 3.  

Thus, there are multiple factors that lead children with different forms of 
disability to experience limitations in their performance of daily activities. 
This thesis concerns physical disability, the most common form of disability 
6, which often affects day-to-day functioning 7. Variations in the develop-
ment of body structure, such as upper limb reduction deficiency (ULRD), 
or body function, such as cerebral palsy (CP), can lead to developmental 
delay with a consequent effect on occupational performance. Likewise, en-
vironmental obstacles cause further limitations; for instance, a lack of ramps 
will restrict access to the outdoor environment for children who use a wheel-
chair 3. 

Rehabilitation interventions for these children aim to improve their per-
formance. Their performance should be evaluated at the beginning of the 
intervention to guide the intervention plan and the evaluation should be 
repeated to measure the outcome of the intervention to follow their progress 
during the intervention. The evaluation method must be evidence-based and 
validated to be used for the intended purpose 8. An important aspect of va-
lidity is to establish that the content of the measurement tool is suitable in 
the cultural context where the tools is expected to be used, as well as to 
ensure that the output of the tool accurately and reliably reflects the chil-
dren’s performance. 

1.1 Cultural context and disability  
Culture is defined as “learned and shared human patterns or models for 
living; day-to day living patterns. These patterns and models pervade all 
aspects of human social interaction. Culture is mankind’s primary adaptive 
mechanism” 9. In the ICF model, environmental factors are external influ-
ences on functioning and disability and they consist of the physical, social 
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and attitudinal environment in which people live and conduct their lives 3. 
Personal factors represent internal influences on functioning and disability, 
meaning factors that are not part of the health condition itself, for instance 
gender, age, culture and education 3. It is important to consider the culture 
when describing the personal factors that affect disability and to understand 
how culture is manifested in the environmental factors 9. 

Different cultural groups may vary in their view of health and their use 
and experience of health care, and different cultures may vary in their dress-
ing and grooming norms, modes of transportation, climate, and socio-eco-
nomic status 10. In addition, the socio–economic situation is a factor that 
affects rehabilitation services for children with disability. In low-and mid-
dle-income countries the service provided is limited, which affects the qual-
ity of life for this group of people. 

Globally, more than 1000 million people live with some form of disabil-
ity, 93–150 million of whom are children 1, 11. About 52.9 million are under 
5 years of age with developmental disabilities, and about 95% of these live 
in developing countries 12. Children from poorer households are at high risk 
of disability 1. Although the prevalence of disability among the children 
younger than 5 years has declined globally for the period between 1990–
2016, the number of children with disability increased in sub-Saharan Af-
rica by 71.3% and in North Africa and the Middle East by 7.6% 12.  

Despite the limited availability of statistical data in Uganda, it is esti-
mated that approximately 7-13% of children have some form of disability 
13. The most common type (25%) is physical disability 14. The African Child 
Policy Forum reported that the main causes of disability in Ugandan chil-
dren were illness (39%) and congenital factors (approximately 32%) 14. Jor-
dan also has only limited data, but the latest census reported that about 6% 
of children aged 5–17 years have mild to severe disability 15. Still, there is a 
dearth of population-based registers for developmental disability in devel-
oping countries, and a methodological process to determine the prevalence 
is lacking; for instance, the Ten Questions questionnaire has been used to 
detect neurological disabilities, but it has a limited ability to detect neuro-
developmental disorders 16.  

There is increasing awareness about children with disability in the devel-
oping countries; for instance, the African Child Policy Forum reported that 
62% of children with disability (aged 9–17 years) were in school in Uganda 
in 2011 14. However, the number of specialised rehabilitation facilities did 
not cover the demand, and services were either too expensive or too far 
away from the families 14. Furthermore, adapted measurement tools for the 
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evaluation of disability and for use in rehabilitation interventions are still 
generally missing. 

1.2 Disabilities addressed in this thesis 
CP is the most common form of motor disability17. Rosenbaum et al. define 
CP as “a group of permanent disorders of the development of movement 
and posture, causing activity limitation, that are attributed to non-progres-
sive disturbances that occurred in the developing fetal or infant brain and 
the motor disorders of CP are often accompanied by disturbances of sensa-
tion, perception, cognition, communication and behaviour, by epilepsy and 
by secondary musculoskeletal problems” 18. The prevalence of CP is 21 per 
10 000 19 and it is decreasing in most parts of the world 20. However, the 
prevalence is higher in the developing countries; for example, in Uganda it 
is about 29 per 10 000  21, and about 80% of all children with CP live in 
Africa 13. In Jordan the prevalence rate is about 36 per 10 000 22, which is 
higher than the prevalence in Sweden, where it is below 20 per 10 000 20. 

The diagnosis of CP is divided into three different types 23, with the first, 
spastic CP, representing 80% of CP cases 24. Children with spastic CP have 
increased muscle tone (muscle stiffness). This type of CP is subdivided ac-
cording to the affected body part, as follows: Unilateral CP if one side of 
the body is affected, with the upper limb usually more affected than the 
lower limb; bilateral CP involves spasticity in both lower limbs 23. Dyski-
netic CP represents 15% of CP cases and is characterized by problems in 
controlling movement in the limbs due to involuntary movement and 
changes in muscle tone 23, 25. Ataxic CP represents the remaining 5% of chil-
dren with CP and involves problems with balance and coordination; walk-
ing gait is irregular, and wide and fine motor movements requiring coordi-
nation are difficult 23, 25. 

In addition to CP, this thesis includes two other types of unilateral phys-
ical disabilities: ULRD and obstetric brachial plexus palsy (OBPP). Gener-
ally, limb reduction defects (LRD) are characterized by the absence or severe 
hypoplasia (or hypoplasia with abnormal shape) of any limb or part of a 
limb 26. There are two basic types of LRD: the first is transverse deficiency 
across the long axis of the limb, which can be in the form of absence of the 
terminal part of the limb at any level (as in amputation) or absence of part 
of the limb with a normal or nearly normal terminal part; the second type 
is longitudinal deficiency along the long axis of the limb, where the hand 
may be more or less complete but with some partial or missing fingers 26, 27. 
The prevalence of limb deficiencies is relatively stable 28, ranging between 
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5–7 per 10 000 births. Transverse terminal defect is the most frequent type 
of LRD (about 50%) and ULRD represents 65% of LRD cases; further, 
most cases are unilateral 26. In Sweden, the prevalence of LRD is about 6 
per 10 000 births, of which 66% is ULRD 29. In USA, the estimated preva-
lence of LRD is 5.15 per 10 000 births, most of which is ULRD (3.49 per 
10 000 births) 28.  

In OBPP, peripheral nerve injury occurs during the neonatal period and 
leads to complex functional impairment in the upper limb. There is sponta-
neous recovery under the first 12 months in 90% of the cases, still the prev-
alence of the cases with permanent OBPP is about 2-3 per 10 000 births 30. 
The classification of OBPP is based on body structure, as follows: when the 
injury affects nerves at brachial plexus levels C5 and C6 this is classified as 
“severing of the upper trunk”; injury at C7 is classified as “severing of the 
middle trunk”; injury at C8 and T1 is classified as “severing of the lower 
trunk”, and injury at C5 to T1 is classified as complete severing 31.   

Children with unilateral hand disability face barriers to performing im-
portant daily activities, especially activities that require the use of both 
hands 32, because performing bimanual tasks requires temporal and spatial 
coordination between both hands 33. This disability may lead to not using 
the hands at all, due to repeated failure in using the affected hand, and even 
to low involvement in the social environment. 

1.3 Occupational performance 
Occupation is more than a sequence of movements to perform an action; it 
reflects the individual’s identity in terms of interests, feelings and thoughts 
34, 35. Occupation is defined as meaningful activities and tasks which indi-
viduals engage in as a part of their normal daily lives in order to meet in-
trinsic needs for self-maintenance, expression and fulfilment 36-38. 

When a person executes a task or activity, this can be described by three 
different terms: capacity, capability and performance. Holsbeeke et al. de-
fined these terms as follows: capacity reflects what the person can do in a 
standardized environment, capability reflects the person’s capacity in his or 
her daily environment and performance reflects what the person actually 
does in this daily environment 39. The ICF model describes performance as 
executing the tasks in the individual’s real environment that reflect the lived 
experience of the context the individual lives in 3.  

Mary Law et al. (1996), in the Person–Environment–Occupation (PEO) 
model, defined occupational performance as the result of the transactional 
relationship between all components of the model: person, environment and 
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occupation 37, 38. More interactions between the components increase the 
level of occupational performance. This helps us to formulate the aim of 
rehabilitation intervention as to reach optimal performance in daily life ac-
tivities, particularly in the areas of mobility, self-care, communication, and 
manual ability.  

Chien and Brown represented conceptual interaction between the ICF 
model and occupational performance as a reflection of the dynamic inter-
action between person (including body structure and function and personal 
factors in ICF), occupation (including the activity and participation ele-
ments of ICF) and environmental factors, see Figure 1 37.   

Thus, this thesis defines occupational performance as the execution of 
tasks or involvement in a life situation that is considered meaningful for the 
individual in his or her environment. In addition to the meaningfulness of 
the occupation, both personal and environmental factors contribute to a 
successful occupational performance because both factors influence and 
modify the other components 2-4, 35, 36, 39.  

For children, occupational performance reflects their developmental 
level. The development of body structure and function is usually a progres-
sive and dynamic process from dependency in infancy to independence in 
adolescence. Children acquire new skills with age and their performance 
level increases, including the physical execution of tasks and involvement in 
society as social beings 40.  

Children’s environment extends with age, as their competence and inde-
pendence grow. For example, infants and young children have limited mo-
bility and are restricted to the immediate home environment, while older 
children have extended their environment to include the school. Therefore, 
alteration of environmental factors (physical, social and psychological) 
could further enhance children’s occupational performance. Similarly, 
changes in the personal factors can occur through development and through 
adaptation 36. The interaction with family is extended and developed to in-
clude peer relationships and schooling, which increases children’s involve-
ment in their life situation 3.  
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Figure 1: Occupational performance as interaction between the components of the 
International Classification of Functioning, Disability and Health (ICF). The grey 
areas reflect the components of the Person–Environment–Occupation (PEO) model 37. 

  

Occupational performance 



AHMED AMER Validity evidence for CHEQ and PEDI-UG 
 

21 
  

1.4 Measurement of occupational performance 
Measuring occupational performance is important for planning the rehabil-
itation intervention and following up its progress. However, the results of 
this interaction are not directly measurable with physical measurement 
tools, such as a dynamometer for hand strength or a goniometer for range 
of motion, but occupational performance is a latent (hidden) construct. The 
dynamometer measures strength of hand grip, reflecting the capacity of the 
hand, which is part of the whole picture of the performance. Occupational 
performance, as a latent construct, is like psychological constructs such as 
intelligence, self-esteem and depression.   

Occupational performance can be measured indirectly using a specially 
designed measurement tool. Observation could be a good assessment 
method to monitor performance, but this may be too subjective because it 
depends on the observer and the results may vary from one observer to an-
other. Interview is an alternative assessment method that helps to document 
the current performance level and follow it over time. The interview could 
be in the form of open-ended, semi-structured or structured questions, with 
questions and answer alternatives defined in an interview schedule to be 
used during the interview. Another method is to use a patient-reported out-
come measure (PROM) which is a self-report questionnaire measuring pa-
tients’ general or disease-specific health status, functional status and health-
related quality of life 41. The PROM supports the patient’s self-reflection, 
which raises the therapist’s awareness of the patient’s specific concerns 42. 
Therefore, PROMs are crucial to planning and following the rehabilitation 
intervention because they enable patients to participate actively in their re-
habilitation process. Still, to achieve the goal of assessing occupational per-
formance in children, the chosen measurement tools should be both occu-
pation-centred (including suitable and common occupations for children) 
and child-centred (putting the child and the family in the centre of the in-
tervention) 43. 

1.5 Measurement tools 
Measurement tools are usually developed and tested for a specific cultural 
context, usually Western countries, and they are expected to reflect chil-
dren’s intended performance in this context 44, while in non-Western coun-
tries there is a shortage of culturally adapted tools 45, 46. Using the original 
tools directly in a different cultural context or only with literal translation 
may distort the underlying constructs and give misleading results because of 
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these cultural differences 45, 47-49; furthermore, the format, administration 
and language level of the measurement tool may limit or qualify the inter-
pretation of its results 8. Therefore, measuring a construct across different 
cultural contexts should be context sensitive and cross-culturally compara-
ble 50. A systematic translation and cross-cultural adaptation process is rec-
ommended, focusing on both the semantic and content aspects 48, 51. For 
instance, Arvidsson et al. reported that the relevance and meaningfulness of 
20 daily activities in a culturally adapted version of the Picture my Partici-
pation instrument were different between Sweden and South Africa, which 
can be related to cultural and socio-emotional factors 52. The sample of 
South African children used more scale points to answer the questions com-
pared with the Swedish children, which indicates that the South African 
children could rate their answers along the entire scale, whereas the Swedish 
children may have found that not all scale points were usable for them; this 
illustrates the relevance of the culturally adapted version of Picture my Par-
ticipation as an measurement tool 52.  

Cross-cultural adaptation aims to yield a measurement tool for a partic-
ular culture that is equivalent to the original version of the tool 51, 53. In other 
words, the translated measurement tool should still measure what it was 
intended to measure 50. The psychometric properties of the adapted instru-
ment must therefore be measured to evaluate its validity and reliability 8, 54, 55. 

This thesis focuses on two measurement tools: 1) the Children’s Hand-
use Experience Questionnaire (CHEQ), and 2) the Uganda version of the 
Pediatric Evaluation of Disability Inventory (PEDI-UG). Both measurement 
tools were adapted to be used in new cultural contexts, thus evaluation of 
the validity evidence is re-commended.  

1.5.1 Children’s Hand-use Experience Questionnaire (CHEQ) 
CHEQ was developed to capture children’s perceived quality of perfor-
mance when using the affected hand in daily life activities that typically re-
quire the use of both hands, for instance, opening a bottle of water 56. The 
measurement tool is unique in focusing on the evaluation of performance in 
bimanual daily life activities. Other evaluation instruments contain a mix-
ture of unimanual and bimanual activities; for instance, about three quar-
ters of the activities in the instrument ABILHAND-Kids could be performed 
with one hand 57. Furthermore, CHEQ has a unique feature in that it is a 
measurement of both the children’s use of the affected hand in bimanual 
activities and their experience of their performance during these activities. 
The activities included in CHEQ were based on several criteria: 1) requires 
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both hands, 2) common activity, 3) performed by a wide age range of chil-
dren, 4) independent of season, gender or culture and 5) not strongly de-
pendent on other functions, such as gross motor or cognitive functions 56. 

The first version of CHEQ (CHEQ 1.0) was developed for children be-
tween 6 and 18 years of age with unilateral hand dysfunction, for instance, 
unilateral CP, ULRD or OBPP. CHEQ 1.0 was a paper-and-pencil ques-
tionnaire containing 29 items (all bimanual activities). Each item was an-
swered on three 10-point rating scales representing different quality aspects: 
1) Grasp efficacy of the affected hand, 2) Time taken to perform the activity 
compared with peers and 3) Feeling bothered by the affected hand. These 
quality aspects are known to be challenging for children with unilateral dis-
ability 32. More information about the structure of CHEQ 1.0 can be found 
elsewhere 56.

To encourage children to participate in the rehabilitation process, it is 
recommended that those aged 12 years or older answer CHEQ inde-
pendently. For the younger children, it is recommended that they answer 
with their parents’ help or that the parents answer as a proxy 56. 

The first study on CHEQ 1.0 by Skold et al. in 2011 indicated that the 
included activities were appropriate as bimanual activities for the intended 
age group (6–18 years) 56. In addition, the internal structure provided valid 
estimations of children’s experience of hand use 56. However, the 10-point 
rating scale was problematic, and therefore the study suggested collapsing 
the rating scales into only four levels (1–4) based on the result of Rasch 
analyses 56. Removing some items was also suggested to make it shorter 
while preserving the quality of the instrument. These modifications resulted 
in the revised CHEQ 1.0. In addition, the developers suggested a shorter 
version with suitable activities for children in the age range 3–8 years. After 
the suggested changes in the first study by Skold et al. 56, the psychometric 
properties of the overall instrument and the stability of answering revised 
CHEQ 1.0 over time (test-retest reliability) needed to be investigated 8. 

To make CHEQ I available for many users, it was converted from a paper 
version to a free online questionnaire, available at https://www.cheq.se, and 
translated, so far, into 15 languages, including Arabic, Dutch, French and 
Turkish. The original versions were English and Swedish, then translations 
were made by persons fluent in English or Swedish whose mother tongue 

I In this thesis using the term CHEQ without specifying the version’s number means 
that the text refers to CHEQ in general regardless of version number. 
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was the target language. This translation process was arranged by the de-
velopers of CHEQ. However, using the translated CHEQ in a specific cul-
ture requires cultural adaptation. 

1.5.2 Uganda version of the Pediatric Evaluation of Disability Inventory 
(PEDI-UG) 
The PEDI instrument was originally developed in USA by Haley et al. in 
1992 58. It is considered to be the gold standard measurement tool to assess 
the performance of daily activities by children with different forms of disa-
bilities, for instance CP, in the domains of self-care, mobility and social 
function, and to measure how much support they need from their caregivers 
58, 59. PEDI can be used to measure deviation from the typical development 
of children aged between 6 months and 7.5 years and to measure perfor-
mance on a 0–100 scale 58, 60, 61. The instrument is available in paper-and-
pencil format and administered as a semi-structured interview with the care-
givers. As summarized in Table 1, PEDI contains the following three parts:  

Part I: Functional skills, measuring the child’s capability on 197 items 
reflecting what the child can do in the daily environment 39. The items are 
divided into 40 sub-domains under the three main content domains.  

Part II: Caregiver assistance, composed of 20 items measuring the child’s 
performance and the level of assistance he or she receives to perform the 
activities in the Functional skills part 39. Assistance levels are presented as a 
six-point rating scale ranging from maximum help to independent.  

Part III: Modifications, measuring environmental adjustments needed to 
enhance the child’s performance. This part contains the same 20 items as 
the caregiver assistance part and reports the frequency of four modification 
categories: No modification, Child-oriented, Rehabilitation equipment and 
Extensive modification 58. 
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Table 1: Structure of the original Pediatric Evaluation of Disability Inventory 

The sum score calculated for Functional skills and Caregiver assistance 
parts can be converted into two scores: 1) a scaled score on a 0–100 scale 
that represents the conversion of the sum scores of each domain to a metric 
scale and 2) a standard score that is divided based on age groups in intervals 
of 6 months, to compare the normative score for each age group 58. 

The original version of PEDI was developed for use in USA, but it has 
been translated into various languages, including German, Turkish, Spanish 
and Chinese 49, 54, 62-68. Several studies reported cultural differences regarding 
some items, which led to those items being culturally adapted, added or 
deleted. One example is that items about bicycling were added to the Dutch 
version 49, 62, 63. 

The cultural differences and adaptations influenced the scores compared 
with the scores obtained in the original PEDI. For instance, in the Norwe-
gian PEDI, lower scores were reported compared to the original US scores, 
which led to the development of a Norwegian normative score 54, 60, 65, 69. 

Similarly, direct use of PEDI in sub-Saharan Africa is inappropriate due 
to cultural and socioeconomic differences. In particular, most people in 
Uganda live in rural areas that do not have the same level of infrastructure 
as urban areas. Thus, when creating the Uganda version of PEDI alternative 
items were added in PEDI-UG due to the cultural differences and to cover 
other alternatives in Uganda; for instance, pit latrines are a common toilet 
type in Uganda and this alternative item was added beside the original item 
flushing toilet. Some existing items were replaced with more culturally rel-
evant items or deleted altogether; for example, items about tub transfer un-
der the Functional skills part were deleted because the “adult-size tub” is 
very rare in Uganda 10. In addition, examples given in some of the original 

Parts Rating 
scale 

Domains 
Total 
items Self-

care Mobility Social 
function 

I: Functional skills 0,1 73 54 65 197 
II: Caregiver assis-
tance 

0–5 8 7 5 20 

III: Modifications 
4 nominal 
categories 

8 7 5 20 
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items were replaced with local examples while preserving the intended func-
tion, such as replacing “child initiates hanging up coat when coming in-
doors” with “once home from school, child initiates removing school uni-
form and puts on home clothes” because coats are not worn in Uganda 10. 
Furthermore, more explanations or examples were added to secure the un-
derstanding of some items. For instance, the original item “Eats all textures 
of table food” was explained with more text and culturally relevant exam-
ples “Does child eat all textures of table food, such as adult bitesized un-
ground meat, chicken, cassava, sweet potatoes, millet bread, and posho, 
with no spilling out of the mouth?” 10.  

The first version of PEDI-UG was linguistically and culturally adapted 
and tested with the participation of typically developing children 10. Two 
language versions were developed: Luganda (the local language) and 
adapted English 10. However, the internal structure of PEDI-UG needs to be 
investigated to ensure that the adaptation for Uganda still reflects the in-
tended latent construct and to measure its test-retest reliability. This would 
enable PEDI-UG to be tested on a group of children with disability and 
compare this with typically developing children to determine reference val-
ues for PEDI-UG. 

1.6 Evaluating psychometric properties of measurement tools 
In addition to the evaluation of occupational performance, instruments like 
CHEQ and PEDI were designed to help the occupational therapist to elicit 
children’s and/or their families’ views about their performance and to inter-
act with them based on what they reported 37, 41. However, these instruments 
assign scores to describe the underlying construct they are designed to meas-
ure (such as experience of hand use), and it is not enough to assume that 
the tool measures the underlying construct; it is important to demonstrate 
this 70. This, in turn, emphasizes the importance of valid and reliable meas-
urement tools 41. Before discussing the concepts of validity and reliability, 
the two theories used to evaluate the underlying construct are presented be-
low.   

1. Classical test theory (CTT) is based on the concept that any observed
item score is composed of a true score and measurement error 71. This error 
is equal for all values of the true score, and the average error for the all 
items is zero 72. Therefore, having more items will increase item reliability. 
CTT concentrates on consistency (that is, reliability) by using different reli-
ability measures (such as Cronbach’s alpha for internal consistency) 71, 73. 
However, there are several problems with the assumption of CTT.  
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Sample dependency refers to the lack of separation between properties of 
items and the attribute of respondents. There is a circular dependency be-
tween items and persons which means that modifying the measurement tool 
requires new testing, and the result of one sample is not applicable to other 
groups of people 72. In CCT it is assumed that each item has the same weight 
and contributes equally to the total score, which means that items that are 
difficult to perform are treated as equal to the easy items. The standard error 
of measurement (SEM) is assumed to be the same along the scale, when in 
fact the SEM is low in the middle of the distribution because the sample size 
is larger, which reduces the error, and the SEM increases at the ends of the 
distribution 72. 

2. Item response theory (IRT) is a framework that encompass a group of 
models that are based on the probability of the correct response at a certain 
level of item difficulty 71. IRT is based on two main assumptions: 1) unidi-
mensionality, which means that all items of the measurement tool measure 
one common underlying construct, and 2) local independency, which means 
that answering one item will not affect other items because the items are 
only correlated to each other by the underlying construct; removing this 
construct makes the items uncorrelated 72. Based on probability, a person’s 
ability can be estimated in two steps: first, calculate the “odds of success” 
by dividing the probability of success in an item by the probability of failure 
in that item, then transform the odds of success by natural logarithm into 
linear scale units called “log-odds probability units, logits” 74, 75. An item’s 
difficulty is the natural logarithm of the odds for eliciting failure from per-
sons with zero ability 75.  

Transforming into logits is important for the measurement tools because 
the response options in these tools are usually dichotomous categories (such 
as Yes/No) or ordinal categories (such as Likert scales). Also, it is hard to 
assume an equal distance between the categories for a particular question 
(for example, the distance between categories 1 and 2 may not be the same 
as the distance between categories 2 and 3) 76. Furthermore, one response 
category in one question does not necessary equal the same category in an-
other question 72. Therefore, transforming respondents’ answers into logits 
allows direct comparison between persons, between items and even between 
response categories, which allows investigation of the category structure. 

Because both item difficulty and person ability are estimated in logits, 
this allows direct comparison of the distribution range for person ability 
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and item difficulty along a continuum to evaluate the targeting of the meas-
urement tool to the person and to detect whether any respondents are lo-
cated outside the targeting area of the measurement tool.  

Rasch analysis is a model belonging to the IRT framework, and a useful 
property of Rasch is that the item difficulty can be generalized for the same 
population. This is because of the observed scores are tested against the 
expected scores according to the Rasch model assumptions 76. 

Given the advantages of IRT, and the fact that Rasch analysis was used 
in the first study of CHEQ 56 and for the development of the original version 
of PEDI 58, the Rasch model was also used in this thesis to evaluate the 
psychometric evidence of the revised CHEQ 1.0 and PEDI-UG. 

1.6.1 Validity 
Validity is the extent to which the measurement tool represents the under-
lying construct it is intended to measure 70, 77, 78. There are two approaches 
to describing validity. The traditional view, as presented by Mokkink et al. 
in the COnsensus-based Standards for the selection of health Measurement 
INstruments (COSMIN) study, is that there are three basic types of validity: 
content, criterion and construct validity 77, 78. The alternative view, devel-
oped by Messick and adopted by the American Psychological Association, 
redefined validity as “the degree to which evidence and theory support the 
interpretation of test scores for proposed uses of tests” 8. This definition 
sees validity as a unitary concept based on the accumulation of evidence to 
prove or disprove the ability of the instrument to measure the underlying 
construct; it is a matter of degree of validity rather than the dichotomy valid 
or invalid, thus treating validity as a dynamic process that develops over 
time 78-81. The validation process used in this thesis is based on the accumu-
lation of evidence from multiple sources 81, according to the following five 
sources of evidence specified by Messick 79:  

1.6.1.1 Evidence based on test content 
The content of the instrument should reflect the underlying construct that 
is intended to be measured. This evidence answers the question “To what 
extent does the content of the tool, including items and format, adequately 
reflect the underlying construct?” 78. However, the items (content) of the 
measurement tool should be representative of the underlying domain and 
not only represent part of it; for instance, the CHEQ items should represent 
different hand functions to ensure that a wide range of hand use is covered. 
In addition, the items should represent a hierarchy based on their difficulty 
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level, so the items can separate the respondents based on their ability; this 
is called item separation and it depends on item reliability in Rasch 82, 83.  

Other factors that may cause bias between the respondents, such as cul-
ture, sex and age, are included in content evidence 78. Therefore, the review 
of the content of the measurement tool should take these factors into con-
sideration. For example, during the adaptation of PEDI-UG, some items 
were rephrased to include example activities that are culturally familiar in 
Uganda 10. 

1.6.1.2 Evidence based on response process  
This source of evidence answers the following question: “To what extent 
does the type of performance or responses of the individuals completing the 
test fit the intended construct?” 78. Two points must be taken into consid-
eration in the response process. The first is that the items should reflect the 
theoretical background of the underlying construct; for instance, the CHEQ 
items should reflect the interaction between ICF components and factors to 
measure the occupational performance of hand use in bimanual tasks. The 
second point is that the items should not be too difficult or not relevant, as 
this would discourage the respondent from answering 78. They may skip the 
most difficult items and may find some items irrelevant or not applicable to 
their environment. For example, in PEDI-UG, the items about using flushing 
toilets were not relevant for all respondents in the Uganda sample, even 
though toilet functioning is an important daily living activity and reflects 
part of the theoretical background of occupational performance. Adding pit 
latrine as a culturally appropriate alternative item engaged more respond-
ents to complete this sub-domain in PEDI-UG 10. 

Investigating this evidence in Rasch includes analyses of response pat-
terns, in other words, the rating scale structure and the distribution of per-
son ability taking into account item difficulty. Analysis of the rating scale 
structure indicates which response categories the respondents chose, giving 
information about the difficulty of the items and even whether the respond-
ent could distinguish between the different categories 84. In the CHEQ 1.0, 
the rating scale structure was a 10-point scale, but the results of the first 
study by Skold et al. indicated inconsistent order between the response cat-
egories; they therefore suggested collapsing the categories into a four-point 
rating scale 56. 
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1.6.1.3 Evidence based on internal structure 
Internal structure reflects the degree to which the relationships between the 
items and components of the measurement tool are related to the underlying 
structure that the tool is based on 8. This source of validity answers the 
question “To what extent does the relationship between the test items match 
the construct, as it is defined?” 78.  

This source includes different types of reliability as evidence of internal 
structure and the consistency between items, including the ability of the 
measurement tool to separate high scoring from low scoring respondents 78. 

Reliability 
Reflects the consistency of items in the measurement tool 70. This con-
sistency refers to the degree to which the tool is free from measurement error 
77. The calculation of consistency is based on the correlation between sets of
data, depending on which of the following three types of reliability is in
focus:

1. Internal consistency reflects the correlation between the items, because
all the items are assumed to measure the same underlying construct 70. A 
low correlation between items indicates that some of the items measure two 
or more underlying constructs. In addition to high internal consistency in-
dicating that the items constitute one underlying construct, it also indicates 
that the tool can distinguish between respondents in several groups based 
on their ability 83. 

2. Test-retest reliability reflects the stability of measurement scores over
time, with the assumption that the underlying construct will be stable be-
tween measurement occasions 70, 85. For example, gaining or restoring hand 
function through rehabilitation usually takes a long time, so testing hand 
function after one or two weeks should give almost the same responses. 
Nevertheless, another important requirement is the independence of the re-
peated test 85: respondents may remember their answers from the first meas-
urement occasion and reuse those answers rather than reporting their cur-
rent status. Thus, a balance between no actual change in the underlying 
construct and a learning effect must be considered when deciding the time 
between measurement occasions.  

A useful measure related to test-retest reliability is the minimal detectable 
change (MDC). This is the smallest change in the score that exceeds the 
measurement error and can thus be described as a real change over time 85,

86. This measure helps to follow up changes in the scores over time because
it indicates that the changes in the score were not due to error. Although
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the MDC reflects change that is statistically significant, this is not neces-
sarily change that has clinical relevance; instead, a related measure, mini-
mally important change (MIC), reflects change that patients perceive as im-
portant 85.  

3. Inter-rater reliability reflects the consistency between judgments by 
different observers 70. A high correlation between observers’ ratings means 
high consistency, with very similar judgments between the observers.  

Unidimensionality 
Is another criterion for internal structure 8. It indicates whether all the items 
contribute to one underlying construct 72. The Rasch model explains the 
underlying construct from the measures and then a principal component 
analysis of the residuals is used to investigate whether the unexplained part 
of the data (the residual variance) is random noise or demonstrates another 
meaningful dimension 87. In addition, item fit and person fit evaluate 
whether the data fit the Rasch model, by comparing the observed data 
against the data expected by the model 87. Skold et. al. confirmed the unidi-
mensionality of CHEQ 1.0 56.  

Differential item functioning (DIF)  
DIF is also suggested as evidence for internal structure 78. It investigates 
whether the items are at the same difficulty level for different groups of 
respondents with similar overall ability or similar status on an appropriate 
criterion 8, for instance, different genders, diagnosis groups or countries. 
DIF is not necessarily an indication of weakness in the measurement tool, 
but items with DIF that have a common characteristic may function differ-
ently for a specific group, which may reflect a kind of multidimensionality 
that may be unexpected or not conform to the framework of the measure-
ment tool 8. 

1.6.1.4 Evidence based on relationships to other variables  
This source of evidence is considered to indicate generalizability of the in-
strument to other evidence. It answers the question “What is the type and 
extent of the relationships between test scores and other variables, such as 
those the test is expected to correlate with or to predict?” 78. Generalizability 
indicates that the measurement tool adequately represents the underlying 
construct and not only the items in the tool 78. This should be confirmed by 
other external variables (usually another measurement tool) that measure 
the same underlying construct (convergent evidence) or different constructs 
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(discriminant evidence), or the relationship to another relevant criterion 
(test-criterion relationship) can be examined 8. 

To this end, the relationship and extent of agreement between CHEQ 
and the Assisting Hand Assessment (AHA) instrument was investigated. 
The AHA is used to assess the use of the affected hand in children with 
unilateral hand disability when performing bimanual tasks in a spontaneous 
play session 88, whereas CHEQ measures children’s experience of their per-
formance of bimanual daily activities 56. Ryll et al. reported that the AHA 
and the revised CHEQ 1.0 appeared to measure different aspects of biman-
ual performance, since AHA measuring observed performance whereas 
CHEQ takes a subjective perspective of the performance (i.e. perceived ex-
perience) 89. In another study, the validity of change in the revised CHEQ 
1.0 scores was tested against the Goal Attainment Scale (GAS) as a prospec-
tive criterion of change 90. This study found that CHEQ captured changes 
in bimanual hand performance but with limited accuracy in two of the 
scales (Time taken and Feeling bothered) and therefore suggested using GAS 
as an external anchor to measure changes in the experience of hand use 90.  

1.6.1.5 Evidence based on consequences of testing 
The main purpose of the measurement tool is to be used as intended by the 
developers in new contexts, but using it could bring positive or negative 
consequences. This source of evidence addresses the following questions: 
“To what extent are the anticipated benefits of testing realized?” and “To 
what extent do unanticipated benefits, both negative and positive, occur?” 
78. The aim is to ensure that no harm comes from the measurement tool, or
at least that more good than harm arises 81.

For example, CHEQ is intended to evaluate the child’s experience of bi-
manual hand use, reflecting functional performance in bimanual daily ac-
tivities. Using CHEQ in rehabilitation interventions is expected to provide 
inspiration for enhancing hand use and to have a positive effect on the chil-
dren and their parents. However, although CHEQ has to include a wide 
range of bimanual activities that cover different hand functions, some occu-
pational therapists may find that some of the CHEQ items are not directly 
relevant to what they focus on with the children; they may therefore stop 
using CHEQ, or at least add some of their own items.  

The social consequences of using the measurement tool may have a pos-
itive or negative impact on individuals. It is most important to avoid the 
negative impacts that may be caused by weaknesses in validity, such as con-
struct under-representation or construct-irrelevant variance 79.  
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Construct under-representation refers to the degree to which the meas-
urement tool fails to measure the intended construct (the latent trait) 8. The 
tool may only partially represent the construct, which may cause a gap in 
the distribution of item difficulties. These negative impacts may cause the 
measurement tool to exclude part of the target user group, for instance, not 
targeting children with high ability or low ability, which is a negative con-
sequence for the children outside the targeting area of the tool 8.  

Construct-irrelevant variance may raise or lower the respondents’ scores 
and cause inappropriate interpretation of outcomes; this is caused by inap-
propriate test content, lack of clarity and items that are not related to the 
intended construct 8. For example, when the item does not fit the underlying 
construct (known as item misfit), this can be an indication of unrelated sub-
dimensions and can affect the assumption of unidimensionality 76, 91. The 
DIF can identify the nature of the construct-irrelevant variance; for instance, 
it may reveal differences between cultural contexts or between different di-
agnosis groups, which can indicate that the measurement tool differentially 
favours one group over the other group, thus making the measurements in-
comparable. The consequence may be that a specific version of the tool has 
to be developed for each cultural or diagnosis group. 
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1.7 Rationale of the thesis 
Most children with disability live in developing countries where the infra-
structure for rehabilitation services is inadequate. In addition, there is a lack 
of valid measurement tools in these countries. To be able to assess the oc-
cupational performance of these children, culturally valid measurement 
tools that represent the majority of children with disability in these countries 
are needed. 

Evaluating occupational performance is crucial for planning and moni-
toring rehabilitation interventions for children with disability. Measure-
ment tools that are used in these rehabilitation interventions are important 
evaluation methods for occupational performance as the underlying con-
struct. More specifically, CHEQ is used for children with unilateral hand 
disability to evaluate their experience of performing bimanual activities, and 
PEDI-UG evaluates occupational performance of daily activities by children 
with disability, including unilateral hand disability. Previous studies about 
CHEQ and PEDI-UG were promising 10, 56, 92. 

The Arabic version of CHEQ 2.0 may be useful in rehabilitation facilities 
not only in Jordan but also in the majority of Arabic-speaking countries; 
about 400 million people speak Arabic, and PEDI-UG could be useful in the 
sub-Saharan region as it reflects almost the same cultural contexts. How-
ever, these cultural adaptations are not enough, and further investigation of 
the psychometric properties is essential to confirm the validity of these 
measurement tools for measuring the underlying construct in this thesis, oc-
cupational performance. Culturally adapted and valid instruments will help 
to increase the quality of the rehabilitation services which, in turn, will help 
to enhance the quality of daily life for children with disability in these coun-
tries. 
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2 Aims 
The overall aim of this thesis was to investigate the evidence of validity for 
two measurement tools for children with disability: the Children’s Hand-
use Experience Questionnaire (CHEQ) and the Uganda version of the Pedi-
atric Evaluation of Disability Inventory (PEDI-UG). 
 

The specific aims were: 

• To evaluate the psychometric properties of the revised CHEQ 1.0, 
including its internal structure, the four-point rating scale, and test-
retest reliability in children with unilateral CP (Study I). 
 

• To determine comprehensibility and cultural relevance of the Ara-
bic version of CHEQ 2.0 in typically developing children and chil-
dren with unilateral hand disability in Jordan (Study II). 
 

• To investigate internal consistency and test-retest reliability of the 
Arabic version of CHEQ 2.0 in children with unilateral hand disa-
bility (Study II). 
 

• To evaluate the psychometric properties of PEDI‐UG by testing the 
instrument’s rating scale functioning, internal structure, and test–
retest reliability in typically developing children (Study III). 
 

• To investigate psychometric properties of PEDI-UG in children 
with CP, focusing on test-retest reliability and minimal detectable 
changes in children with CP (Study IV). 
 

• To determine the developmental trajectories in children with CP 
compared with typically developing children in Uganda (Study IV).  
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3 Methods 

3.1 Study design 
A cross-sectional study design was used in all studies and a repeated-
measures test design was also included in studies I, II and IV. Study I and II 
used the online questionnaire CHEQ (the revised CHEQ 1.0 in study I and 
CHEQ 2.0 in study II). The paper-and-pencil version of PEDI-UG was used 
in studies III and IV. Study II was performed in two steps: cross-cultural 
validation and adaptation of the Arabic CHEQ 2.0, followed by psycho-
metric validation of the questionnaire.   

3.2 Participants 
In study I, 242 children with unilateral CP were included from six different 
countries. A subgroup of 20 Swedish children completed the revised CHEQ 
1.0 for a second time (retest) after an interval of 7–14 days.  

The participants in study II were from Jordan; this study consisted of two 
steps, cross-cultural adaptation and psychometric validation, performed 
with two participant groups. For the cross-cultural adaptation step, 10 typ-
ically developing children and their parents participated in the face validity 
evaluation of the Arabic translation and 17 children with unilateral hand 
disability participated in the cognitive debriefing of the updated Arabic ver-
sion. For the psychometric validation step, 161 children with unilateral 
hand disability participated, 39 of whom completed the retest after an in-
terval of 14–21 days 93.  

In study III, 249 caregivers of typically developing Ugandan children par-
ticipated in the study after no signs of disability were found in their children 
using the Ten Questions screening instrument 94. The majority of the care-
givers were mothers (60%), and the English language version of PEDI-UG 
was chosen by 63% of the participants. The percentage from rural and ur-
ban areas was almost equal, 51% and 49%, respectively.  

In study IV, 118 Ugandan children with CP were included, 37 of whom 
completed PEDI-UG for a second time after 14 days to calculate test-retest 
reliability and MDC. This study included the typically developing children 
from study III to investigate DIF between the two groups and to describe 
developmental trajectories in both groups. 

The samples in all studies were sufficient to achieve stable item calibra-
tion within a standard deviation (SD) of 0.5 logits with a 99% confidence 
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interval (CI) 95. Table 2 presents demographic information for the partici-
pants in all four studies. 

3.3 Instrumentation 
The CHEQ was used in studies I and II. The version used in study I was the 
revised CHEQ 1.0 based on the suggestions of Skold el al. 56. This was an 
online version containing 29 items about different bimanual daily activities 
for children aged 6–18 years. An important suggestion from Skold et al. was 
to use a four-point rating scale instead of a 10-point rating scale 56.  

This revised version contained two opening questions for each activity. 
The first question was “Is this something you usually do independently?” 
with three response options: “Yes”, “No, I get help/avoid doing it” or “Not 
applicable”. If the response was “No” or “Not applicable”, the item was 
scored as missing and the next item was presented. The other two responses 
led to the second opening question, namely, “Do you use one hand or both 
hands together?”, with three response options: “one hand”, “both hands, 
with the affected hand supporting but not holding” or “both hands, with 
the affected hand holding the object”. 

Next, the child’s experience of that activity was evaluated on the follow-
ing three scales: Grasp efficacy, to describe how effective the grasp was in 
the affected hand, with the response options on a four-point scale with the 
verbal endpoint anchors 1=“ineffective” and 4=“effective”; Time taken to 
perform the activity compared with peers, where 1=“considerably longer” 
and 4=“equally long”; and Feeling bothered, to indicate whether the child 
felt anxious or irritated when performing the activity, where 1=“it bothers 
me a lot” and 4=“it does not bother me at all”.  

CHEQ can be completed independently by the child (self-report), which 
is recommended for children older than 12 years; for younger children it is 
recommended that they complete the questionnaire together with the parent 
or that the parent completes it as a proxy. After answering all items, the 
CHEQ website generates a report that includes the answers and the average 
value for each scale. 

For Study II, based on the results of study I, the second version of CHEQ 
(CHEQ 2.0) was developed. CHEQ 2.0 contains 30 different items distrib-
uted across two age versions: CHEQ 3–8 years contains 21 items and 
CHEQ 6–18 years contains 27 items. The two versions share 18 items. 
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Table 2: Overview of the studies and assessment instruments in this thesis 

Study I Study II Study III Study IV 
Measurement 
tool 

Revised CHEQ 1.0 Arabic CHEQ 
2.0 

PEDI-UG PEDI-UG 

Language of the 
measurement 
tool 

Dutch, 
English, 
Hebrew, 
Italian, 
Swedish 

Arabic English 
Luganda 

English 
Luganda 

Country (%) Australia (14),  
Israel (12),  
Italy (19),  
The Netherlands (25), 
Sweden (19),  
UK (11) 

Jordan Uganda Uganda 

Children with 
disability, n 

242 161 N.A. 118 

Participants 
without 
disability, n 

N.A. 10 children 
4 parents 

249 children 249 From study III** 

Parents/caregiv-
ers who partici-
pated as a 
proxy, n (%) 

189 of 242 (78) 125 of 161 
(78) 

249 (100) 118 (100) 
249 (100)** 

Diagnosis (%) Spastic unilateral CP 
(100) 

Spastic unilat-
eral CP (39), 
ULRD (4), 
OBPP (43), 
Hand injury (7), 
Other (7) 

N. A Ataxic CP (3),  
Dyskinetic CP (8),  
Spastic bilateral CP (45), 
Spastic unilateral CP (41), 
Mixed CP (3) 

Age range 6–18y 3–18y 6m – 7.5y 10m – 22.5y 
Mean age (SD) 9y 10m 

(3y 5m) 
10y 8m 
(5y 8m) 

3y 5m 
(1y 9m) 

11y 3m 
(5y 1m) 

Sex, girls/boys 
(%) 

105/137 
(43/57) 

73/88 
(48/52) 

125/124 
(50/50) 

48/70 (41/59) 
173/194 (47/53)** 

Subgroup for 
retest, n 

20 39 N. A 37 

*Participants in the cross-cultural adaptation step. **Data for 249 typically devel-
oping children from study III were used for DIF analysis and presentation of devel-
opmental trajectories in study IV. (CHEQ = Children’s Hand-use Experience Ques-
tionnaire, PEDI-UG = Uganda version of the Pediatric Evaluation of Disability In-
ventory, CP = cerebral palsy, ULRD = upper limb reduction deficiency, OBPP =
obstetric brachial plexus palsy.)
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CHEQ 2.0 contains one opening question: “Do you usually use one 
hand, both hands together or get help?” with three response options: “One 
hand”, “Both hands” and “Get help - How does it work if you try by your-
self?”. In addition, the Grasp efficacy scale was adjusted to cover “hand 
use”, to evaluate how the hand worked during the activity. This question 
was formulated as “How well do you think your hand works?” with the 
response options on a four-point scale with the endpoint anchors 
1=“Badly” and 4=“Well”. The scales Time taken and Feeling bothered were 
unchanged. No changes were made to the answering procedure compared 
to the previous version of CHEQ, except that, when all items in the CHEQ 
6–18 version are answered, the report presents the values for each scale on 
a 0–100 scale based on Rasch analysis instead of presenting a simple average 
score; however, the average score is still used for the CHEQ 3–8 years ver-
sion because no psychometric analysis has yet been performed for this ver-
sion. CHEQ 2.0 is available free for use at https//:www.cheq.se. 

Study III used PEDI-UG as developed by Kakooza-Mwesige et al. 10. 
PEDI-UG, like the original PEDI, is an interview-based paper-and-pencil 
questionnaire in which the parent or caregiver rates the child’s performance. 
This version has two parts: Functional skills and Caregiver assistance, with 
each part measuring the child’s performance in three domains: self-care, 
mobility and social function, see Table 3 A. The Functional skills part con-
tained 185 items with two response options: 0 for “unable to do the activity, 
or not applicable due to age”, and 1 for “able to perform the activity”. The 
Caregiver assistance part contained 20 items divided across the three do-
mains, see Table 3 A. The original six-point rating scale ranging from 
0=“total assistance” to 5=“independent” was used in this version. The sum 
score was calculated for each domain; higher score means greater ability. 
As part of the cultural adaptation, 10 alternative items were included, see 
Table 3 C. The participant could choose to answer either the original or the 
alternative item. The parents completed PEDI-UG as a proxy for their chil-
dren for the Functional skills part and as caregiver for the Caregiver assis-
tance part.  

In study IV, PEDI-UG was adjusted based on the findings of study III and 
on recommendations by Andrews et al. 96, see Table 3 B. The rating scale 
was adjusted to a four-point scale ranging from 0= “total assistance” to 3= 
“independent”. In addition, four alternative items about using a motorbike 
instead of a car were added to the mobility domain because the motorbike 
is a common means of transport (known as “boda boda”) in Uganda, see 
Table 3 D.  
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Table 3: Structure of the Uganda version of the Pediatric Evaluation of Disability 
Inventory (PEDI-UG) 

3 A Structure of preliminary version of PEDI-UG used in study III 

DOMAINS 

Part Rating 
scale 

Self-
care 

Mobility Social func-
tion 

Total 
items 

I: Functional 
skills 

0,1 73 (1)* 48 (9)* 64 185 

II:  Caregiver 
assistance 

0–5 8 7 5 20 

3 B Structure of PEDI-UG used in study IV 

Part Rating 
scale 

Self-
care 

Mobility Social func-
tion 

Total 
items 

I: Functional 
skills 

0,1 69 (5) 47 
(13)* 

64 180 

II: Caregiver 
assistance 

0–3 8 5 5 18 

3 C Alternative items in PEDI-UG, study III 

Original item Alternative item Number of 
items 

Self-care do-
main 
Toileting task Flushing toilet Pit latrine 1 

Mobility do-
main 
Toilet transfer Flushing toilet Pit latrine 5 

Bed transfer Actual bed Floor bed 4 

3 D Alternative items in PEDI-UG, study IV 

Original item Alternative item Number of 
items 

Self-care do-
main 
Tooth brush-
ing 

Tooth brush Stick 5 

Mobility do-
main 
Toilet transfer Flushing toilet Pit latrine 5 

Bed transfer Actual bed Floor bed 4 

Car transfer Car Motorbike 4 

* The number in brackets indicates the number of alternative items, as presented in
3 C and 3 D.
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For study IV, the following classification systems of the children’s func-
tional level were used to measure known-groups validity and validity based 
on relation to other variables. The structure of these classification systems 
is similar; for instance, in all three systems, level I indicates children with 
the least disability and level V indicates the most severe cases. 

1. The Manual Ability Classification System (MACS) was used to classify 
the children’s manual ability with regard to the PEDI-UG self-care domain. 
MACS was developed for the classification of hand use in children with CP 
aged 8–18 years when performing daily activities 97. It consists of the fol-
lowing five levels: children at level I can handle most objects easily and suc-
cessfully; at level II they have somewhat reduced quality or speed when per-
forming the activity; at level III they need help to prepare and/or modify 
activities; at level IV they handle a limited selection of easily managed ob-
jects in adapted situations and needs continuous help during the activity; 
and at level V they are not able to handle objects and have severely limited 
ability to perform simple actions, thus requiring total assistance 97.  

2. The Gross Motor Function Classification System (GMFCS) was used 
to classify the children’s movement ability, for comparison with the devel-
opmental trajectories in the PEDI-UG mobility domain. The GMFCS con-
tains five age bands: under 2 years, 2–4 years, 4–6 years, 6–12 years, and 
12–18 years. This classification consists of the following five levels: children 
at level I can walk indoors and outdoors independently and perform activi-
ties like running or jumping but with decreased speed or balance compared 
with peers; at level II they can walk with limitations and climb stairs with 
the support of a railing; at level III they can walk with assistive mobility 
devices, for instance a walker or manual wheelchair, and can climb stairs 
using a railing with supervision or physical support; at level IV they have 
severely limited walking ability and may require physical assistance or pow-
ered mobility in most settings; and at level V they are not able to walk and 
are transported in a manual wheelchair in all settings 98. 

3. The Communication Function Classification System (CFCS) was used 
to classify the children’s communication ability for comparison with the 
PEDI-UG social function domain. The CFCS is used for the classification of 
patterns of communication in individuals within daily life situations 99. It 
consists of the following five levels: children at level I can alternate between 
being a sender and receiver of information with both familiar and unfamil-
iar partners effectively and efficiently; at level II they perform similarly to 
those at level I but may need extra time; at level III they communicate effec-
tively with familiar partners but not with unfamiliar partners; at level IV 
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they do not consistently alternate sender and receiver roles with familiar 
partners; and children at level V rarely communicate effectively as sender or 
receiver, even with familiar partners 99. 

These classification systems were used to compare children with CP with 
typically developing children and to compare within the group of children 
with CP at different severity levels.  

3.4 Procedure 

3.4.1 Study I 
Data collection was performed at rehabilitation facilities in the participating 
countries. A subset of the 242 children in study I had completed the revised 
CHEQ 1.0 as part of other studies and their data were reused in this study; 
we also included data from children who had completed the revised CHEQ 
1.0 for clinical purposes, and the remaining children and their caregivers 
were directly asked to participate in this study. The therapists at the reha-
bilitation facilities asked all 242 families for consent to use their answers 
for research purposes. All participants completed the revised CHEQ 1.0 
online using a computer. The answers were saved and the author of this 
thesis (AA) prepared the data for the analysis. About 78% of the question-
naires were completed by the caregiver as a proxy on behalf of the child, 
4% of the children answered with their caregivers and the children aged 
older than 12 years (18%) completed the questionnaire by self-report. For 
test-retest reliability, 10 children and 10 caregivers completed the question-
naire a second time, the children by self-report and the caregivers as a proxy. 
The same person answered on both occasions. 

3.4.2 Study II 

3.4.2.1 Step 1: Cross-cultural adaptation 
The cross-cultural step in study II was conducted in four phases based on 
the International Society for Pharmacoeconomics and Outcomes Research 
(ISPOR) task force for translation and cultural adaptation 51, see Figure 2.  

In phase I, the author of this thesis (AA) checked and translated updates 
in CHEQ 2.0 that emerged from study I. Next, face validity was investigated 
by asking 10 typically developing children and their parents (n=4) to read 
and answer the forward-translated Arabic version and report whether it was 
understandable; they were asked to point out any unclear or offensive words 
or sentences. Phase I produced the updated Arabic version of CHEQ.  
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Phase II was backward translation into English, which was performed by 
two translation teams. Each team produced its backward translated version, 
then they met to produce a consensus version. The team members were all 
native Arabic speakers and fluent in English and had no previous experience 
of CHEQ. Additional control of the backward translation was carried out 
by asking two other researchers to compare the back translated version 
against the updated Arabic version and the original English version. The 
developers of CHEQ (LH and A-CE, co-authors in study II) were consulted 
to resolve the differences between the versions.  

Phase III was cognitive debriefing of the updated Arabic version to eval-
uate the conceptual equivalence to the original English version and to eval-
uate the cultural relevance 51, 53. Seventeen children with different types of 
unilateral hand disability were included in this phase. The children or their 
caregivers were able to read and understand Arabic. After the participant 
completed the questionnaire, AA or one of two trained occupational thera-
pists interviewed him or her using a retrospective cognitive interviewing 
technique 100, 101. To test item comprehension, the participants were asked 
to rephrase the questions and items of the updated Arabic version based on 
their understanding, and asked to point out any word or sentence they 
found unclear or offensive. In addition, the participants were asked to rate, 
on a separated sheet, the cultural relevance of each item. Each interview in 
the cognitive debriefing phase took 20–30 minutes.  

Phase IV consisted of adjustments based on the suggestions emerging in 
the previous phases, which were discussed with the CHEQ developers, re-
sulting in the target version of the Arabic CHEQ 2.0.  

3.4.2.2 Step 2: Psychometric validation 
The second step in study II was evaluation of psychometric evidence. Chil-
dren with unilateral hand disability were included from different rehabilita-
tion centres in Amman, Irbid and Zarqa in Jordan. AA or one of the two 
occupational therapists asked the participants and/or their caregivers to par-
ticipate in the study during their regular visit to the rehabilitation centre. Of 
the 161 participants, 39 completed the questionnaire for a second time af-
ter14–21 days for test-retest reliability. On both occasions, participation 
took 10–15 minutes. 
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Figure 2: Phases of the cultural validation process of the Arabic language version of 
Children’s Hand-use Experience Questionnaire (CHEQ 2.0). 
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3.4.3. Study III 
The data collection in study III was performed in Uganda by co-author AK-
M with a team of 11 research assistants in Kampala and neighbouring re-
gions, covering both rural and urban areas. Each team member interviewed 
at least 22 participants (caregivers of typically developing children) to com-
plete PEDI-UG in their home environment and in their preferred language 
(English or Luganda). For test-retest reliability, 49 participants were inter-
viewed again one week later by the same interviewer as the first time. Each 
interview took 30–45 minutes. 

3.4.5 Study IV  
For study IV, participants were included from two separate data collections 
in rural and semi-urban areas in Eastern Uganda. Specially trained occupa-
tional therapists or physiotherapists fluent in English and Luganda inter-
viewed the caregivers to complete PEDI-UG at home or at their local health 
clinic. The first data collection was in 2018 and included 37 caregivers of 
children with CP during their regular visit to the therapy services in the Jinja 
area. The same caregivers were interviewed again after two weeks by the 
same therapist. The second data collection included 81 caregivers of chil-
dren from a population-based screening to identify children with CP in the 
Iganga-Mayuge Health and Demographic Surveillance Site 21. 

3.5 Data analysis  
The data analysis was based on accumulating evidence of validity 8. How-
ever, not all psychometric properties were used in all the studies in this thesis. 

Rasch analysis was used to evaluate the psychometric properties of the 
instruments in studies I, III and IV. Each CHEQ scale and PEDI-UG domain 
was analysed separately because each one is designed to reflect its own con-
struct; for example, the Self-care domain should reflect the child’s ability to 
perform self-care tasks such as eating, dressing and grooming, and the Mo-
bility domain should reflect transfer skills and indoor and outdoor mobility 
skills 58. Thus, if the domains prove to be unidimensional they can be used 
as a separate measure.  

The Rasch dichotomous model was used for the Functional skills part of 
PEDI-UG because the response categories were dichotomous (“able” or 
“unable”), whereas the rating scale model was used for CHEQ and the 
Caregiver assistance part of PEDI-UG because all items share a common 
rating scale 102. For instance, all items in the Time taken scale in CHEQ 
share the same four-point rating scale with verbal anchors on each end, 
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where 1 is ‘considerably longer’ and 4 is ‘equally long’ compared with the 
child’s peers.  

3.5.1 Test content (Studies I and II) 
For study I, the effect of the opening questions in the revised CHEQ 1.0 in 
the data was performed by calculating the distribution of the answers across 
response options.  

For study II, the participants’ understanding of the content of the Arabic 
version of CHEQ 2.0 was measured as a comprehension rate, calculated in 
two steps: 1) calculate the proportion of correctly paraphrased items to the 
total number of items for each participant, and 2) calculate the average of 
the proportions for all participants. This is shown in the following formula: 

Comprehension rate= 

𝑆𝑆𝑆𝑆𝑆𝑆 (𝑛𝑛𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑝𝑝ℎ𝑛𝑛𝑝𝑝𝑟𝑟𝑛𝑛𝑟𝑟 𝑖𝑖𝑐𝑐𝑛𝑛𝑆𝑆𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑝𝑝𝑐𝑐 𝑛𝑛𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑖𝑖𝑐𝑐𝑛𝑛𝑆𝑆𝑟𝑟)⁄
𝑐𝑐𝑜𝑜𝑐𝑐𝑝𝑝𝑐𝑐 𝑛𝑛𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑛𝑛𝑐𝑐𝑖𝑖𝑐𝑐𝑖𝑖𝑝𝑝𝑝𝑝𝑛𝑛𝑐𝑐𝑟𝑟

*100%

Cultural relevance was calculated using a similar formula but with cor-
rectly paraphrased items replaced by culturally relevant items, as shown 
below:  

Cultural relevance = 

𝑆𝑆𝑆𝑆𝑆𝑆 (𝑛𝑛𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝑛𝑛𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐 𝑛𝑛𝑛𝑛𝑐𝑐𝑛𝑛𝑟𝑟𝑝𝑝𝑛𝑛𝑐𝑐 𝑖𝑖𝑐𝑐𝑛𝑛𝑆𝑆𝑟𝑟 𝑐𝑐𝑜𝑜𝑐𝑐𝑝𝑝𝑐𝑐 𝑛𝑛𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑖𝑖𝑐𝑐𝑛𝑛𝑆𝑆𝑟𝑟)⁄
𝑐𝑐𝑜𝑜𝑐𝑐𝑝𝑝𝑐𝑐 𝑛𝑛𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑛𝑛𝑐𝑐𝑖𝑖𝑐𝑐𝑖𝑖𝑝𝑝𝑝𝑝𝑛𝑛𝑐𝑐𝑟𝑟

*100%

3.5.2 Rating scale structure (Studies I, III and IV) 
Analysis of the rating scale structure of the revised CHEQ 1.0 and the Care-
giver assistance part of PEDI-UG was performed to investigate whether the 
respondents were able to distinguish between the different response catego-
ries on the scale. The analysis criteria used in these studies followed Lina-
cre’s guidelines: each category should include at least 10 observations; the 
outfit mean square (MnSq) should be <2.0; average measures and step dif-
ficulty for each category should increase monotonically, in other words, a 
more difficult category should have a higher logit value; and categories 
should be ordered as intended, with an acceptable distance between adja-
cent categories (recommended distance 1.4 to 5 logits) 84. 



AHMED AMER Validity evidence for CHEQ and PEDI-UG 
 

47 
  

3.5.3 Targeting (Studies I, III and IV) 
Targeting between item difficulty and person ability can be described as a 
source of content and response process evidence by investigating how well 
the items of the assessment tool cover the ability range of the sample. For 
Study I, the targeting was represented by the effective operational range, 
which indicates the proportion of the ability range of the sample that are 
covered by the item difficulty of all items, based on 50% of the cumulative 
thresholds 103. Targeting in studies III and IV was achieved by comparing 
the difference between the mean value of person ability across all persons 
against the mean value of item difficulty across all items (which is 0 by de-
fault); a difference of ±1 logit is desirable. In addition, the percentage of 
respondents with the highest possible score (ceiling effect) and the lowest 
possible score (floor effect), which indicate that they found the assessment 
tool very easy or very hard, respectively, should be less than 2% 104.  

3.5.4 Fit analysis (Study I, III and IV) 
Fit statistics were used to investigate how well the data (items and persons) 
fit the expected Rasch model 105. The information-weighted MnSq (infit 
MnSq) was used to measure the fit. The MnSq is a chi-square calculation 
that measures level of association between the model and the data (that is, 
how well the data fit the model), and the infit concentrates more on the 
responses near a given item difficulty or person ability 105. A MnSq value of 
about 1.0 indicates little distortion of the assessment tool compared to the 
fit expected by the Rasch model. Less than 1.0 indicates overfit, which 
means that the Rasch model has overpredicted the data; this is less produc-
tive for measurement and may present misleadingly high reliabilities and 
separation 105. A MnSq value >1.0 shows underfit to the model, which 
means there is too much unexplained variance in the data, which could de-
generate the model 105. The recommended acceptable range of MnSq that 
can be considered to be productive for measurement and does not degener-
ate the fit is the range 0.5 to 1.5 (or 0.7 to 1.4 in study I) 104, 106-108. Further-
more, at least 95% of the items in each scale or domain should be within 
this range 109. Items outside the recommended range were considered as mis-
fit items, however, some of the misfit items were retained because of their 
clinical importance. 

3.5.5 Unidimensionality (Studies I, III and IV) 
Unidimensionality was investigated by principal components analysis of re-
siduals with at least 60% of measures explained by the main dimension.  Of 
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the residual variance that is unexplained by the main dimension, the first 
contrast (component), reflecting the second-largest dimension, should be 
below 5%; 104, 110. Positive point-biserial correlation for all items is an indi-
cation of unidimensionality because they all contribute positively to the to-
tal score 58, 111. In addition, disattenuated correlation between items was in-
vestigated. A correlation of >0.7 is considered strong, confirming unidimen-
sionality of the instrument 112. 

3.5.6 Reliability and separation (Study I, II, III and IV) 
In Rasch analysis, the internal consistency between items is based on logits 
and presented as person (test) reliability in studies I, III and IV. For study 
II, the internal consistency was based on the total raw score and was calcu-
lated by Cronbach’s alpha coefficients for each scale; an alpha value >0.80 
was desirable 113. Both person reliability in Rasch and Cronbach’s alpha 
reflect internal consistency; however, person reliability underestimates it 
and Cronbach’s alpha overestimates it 114. Item reliability is a unique relia-
bility index generated by Rasch to confirm the item difficulty hierarchy of 
the instrument 83. A high reliability coefficient indicates that items can be 
differentiated by the respondents 115. 

Additional reliability indices are person separation and item separation. 
Traditionally, reliability ranges between 0 and 1.0 and can reach the upper 
limit, while separation has a lowest value of 0 but no maximum value. The 
separation indices can indicate how many groups of people can be stratified 
based on their ability and the item difficulty; low person separation with an 
appropriate sample size may indicate that the instrument is not sensitive 
enough to distinguish between persons based on their ability. Item separa-
tion indicates how to verify the item difficulty hierarchy by indicating how 
many strata of items can be differentiated by the respondents; low item sep-
aration indicates that the sample size is not large enough to confirm the item 
difficulty hierarchy. Higher separation values are better than lower values 115. 

3.5.7 Differential item functioning (DIF) and differential test functioning 
(DTF) (Studies III and IV) 
Differential item functioning (DIF) was used to investigate the stability of 
the item difficulty hierarchy between subgroups; it investigates the ordering 
of items in each subgroup to make sure the item order is the same in each 
subgroup, to allow comparison between them. Items that report different 
locations relative to other items are considered to indicate DIF, which means 
that the items with DIF define the latent trait in a different way 116. For study 
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III, DIF was calculated between children from urban and rural areas, and 
for study IV it was between typically developing children and children with 
CP. A significant DIF is when the difference between item measures is >0.5 
logits with a p-value <0.05 117.  

Differential test functioning (DTF) was performed to investigate how 
items in the same PEDI-UG domain worked differently for children with CP 
and typically developing children 118. Less than 5% of items outside the 95% 
CI was considered acceptable. 

3.5.8 Test-retest reliability (Studies I, II, III and IV) 
Test-retest reliability using weighted kappa (κ) was performed for the open-
ing CHEQ questions in study I and at the item level for each scale of CHEQ 
in study II 119. The strength of the agreement was interpreted according to 
Fleiss’s guidelines, where κ ≤0.40 indicates poor agreement, 0.41–0.74 fair 
to good agreement and ≥0.75 excellent agreement 120. 

Test- retest reliability of the total score for the CHEQ scales in studies I 
and II and for PEDI-UG domains in studies III and IV was calculated by 
using intraclass correlation coefficients (ICC) with a two-way mixed model 
with absolute agreement (ICC 2.1) with a 95% CI 121, 122. An ICC value of 
<0.40 was considered poor, 0.40–0.59 moderate, 0.60–0.75 good and 
>0.75 excellent  120. In addition, an ICC value >0.80 was desirable for 
group-level comparisons and >0.90 for individual-level comparisons 123. Be-
fore the ICC calculation in study III, estimates of item measures (that is, 
item difficulty) and rating scale structures from the first test occasion were 
used as anchors for the estimation of person measures (person ability) on 
the retest. The anchoring to the item difficulty for both occasions meant 
that the person ability estimation was based on the same item difficulty val-
ues. A similar anchoring procedure was performed in study IV, but both 
occasions (test and retest) were anchored to item difficulty for all 118 chil-
dren to allow the person ability estimation to be based on a larger sample 
and to be useful for the minimal detectable change (MDC) calculation. 

3.5.9 Minimal detectable change (MDC) (Study III and IV) 
For study IV, the MDC was calculated to define the required change in the 
PEDI-UG scaled score, in order to judge the true change beyond measure-
ment error 86. The MDC was calculated at the 95% CI level using the fol-
lowing formula: MDC95%CI=SEM ∗ 1.96 ∗ √2, where the standard error of 
measurement (SEM) is calculated with the following formula: 
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SEM= SD√1 − ICC; SD is the pooled standard deviation of the children’s 
ability measures for the first and second test occasions as follow: 

SD=√((SD𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑓𝑓𝑓𝑓𝑜𝑜𝑖𝑖)^2 + (SD𝑓𝑓𝑠𝑠𝑜𝑜𝑜𝑜𝑖𝑖𝑠𝑠 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑓𝑓𝑓𝑓𝑜𝑜𝑖𝑖)^2)/2)  86. 

3.5.10 Relationship to other variables (Study IV) 
In study IV, for known-group validity, the mean values of the PEDI-UG 
scaled scores indicating levels of severity in children with CP were compared 
with their severity levels on the classification systems MACS, GMFCS and 
CFCS, to investigate whether PEDI-UG could distinguish between the chil-
dren with CP based on their functional severity levels. The null hypothesis 
was that PEDI-UG cannot distinguish significantly between participants 
based on their severity levels. The Kruskal–Wallis one-way analysis of var-
iance was used to compare mean values of participants with CP based on 
functional severity level, and a p-value <0.05 was considered acceptable to 
reject the hypothesis 124. In addition, the results of the Kruskal–Wallis test 
were compared with the person separation in the PEDI-UG domains. 

To measure convergence, the correlation between the outcome of the 
classifications systems (MACS, GMFCS and CFCS) and the respective 
PEDI-UG domains was investigated. The classification systems classify chil-
dren based on their severity levels which reflect ability and the outcome of 
each PEDI-UG domain is expected to reflect the children’s ability. Thus, 
Spearman’s rank-order correlation coefficients between each PEDI-UG do-
main and the severity levels as classified by MACS (for the Self-care do-
main), GMFCS (for the Mobility domain) and CFCS (for the Social function 
domain) were calculated. 

A correlation of <0.2 was categorized as no relationship, 0.2–0.49 as 
weak, 0.5–0.79 as moderate and ≥0.80 as a strong relationship , 125. It is 
important to note that the direction of the relationship is expected to be 
negative because the children at severity level I are expected to get the high-
est sores in PEDI-UG and vice versa.  

The differences in ability between typically developing children and chil-
dren with CP at different ages were investigated with the Mann–Whitney U 
test and visually presented by logarithmic scaled scores distributed by age 
for each domain.   

The Winsteps program, versions 3.80 and 3.90, were used for the Rasch 
analysis 126 and IBM SPSS statistics, versions 22 and 25 127. 
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4 Ethical considerations 
All studies were approved by the respective ethical board in each country. 
Study I was approved by the Regional Ethical Review Board of Stockholm, 
Sweden, approval number 2009/1914-32. No ethical approval was ob-
tained from the Netherlands because the participants from that country 
completed the CHEQ as part of a clinical intervention, and the Dutch reg-
ulations did not require additional approval for this study; signed informed 
consent was sufficient, and furthermore the data were anonymized before 
being sent for data handling and analysis. The Institutional Review Board 
at Jordan University for Science and Technology provided ethical approval 
for study II (approval numbers 26/97/2016, 7/103/2017 and 15/117/2018). 
For PEDI-UG, the ethical approval for study III was obtained from the Mak-
erere University Research and Ethics Committee, Mulago National Referral 
Hospital (approval number 2009-055), and the Uganda National Council 
of Science and Technology (approval number HS 628) and for study IV the 
ethical approval was obtained by the Higher Degrees, Research and Ethics 
Committee of the School of Public Health, College of Health Sciences, Mak-
erere University and the Uganda National Council of Science and Technol-
ogy (approval numbers SBS-HDREC-454 and SS 4464). 

Before each study, the children and/or their parents received oral and 
written information about the study and gave their consent to participate. 
Participation was voluntary and did not affect the medical care they received 
at their hospital or rehabilitation centre. 

The questions in the CHEQ and PEDI-UG questionnaires are not partic-
ularly sensitive, therefore the risk of discomfort from the ethical point of 
view was judged to be low. This was confirmed for PEDI-UG in a previous 
study by Kakooza-Mwesig et al. 10, and for the Arabic version of CHEQ 2.0 
in study II by asking the participants in the cross-cultural adaptation step. 
To guarantee the confidentiality of the reports generated by CHEQ and 
PEDI-UG, the data were de-identified by replacing the children’s names with 
unique codes at the beginning of the analysis. In addition, the data were 
analysed at the group level and therefore individual answers could not be 
identified. 

The participants were able to get their test results directly, which could 
be a benefit of participation for them, although the results may be explained 
more simply by the therapist in the clinical context. Discussing the results 
with the families is a good opportunity to increase their involvement in the 
rehabilitation process. 
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5 Results 

5.1 Test content (Studies I and II) 
In study I, for a large proportion of the bimanual activities the opening 
questions were answered with the response option “Not applicable”, which 
led to a high rate of missing data for the follow-up rating scales Grasp effi-
cacy (39%), Time taken (32%) and Feeling bothered (34%). The missing 
responses could affect the estimation of item and person measures, which 
indicated the need to revise the opening questions. Consequently, the two 
opening questions in the revised CHEQ 1.0 version were presented in the 
CHEQ 2.0 version as a single opening question: “Do you usually use one 
hand, both hands together or get help?” with three response options: “One 
hand”, “Both hands” and “Get help - How does it work if you try by your-
self?”. The response option “Not applicable” was removed in CHEQ 2.0.  

In the cross-cultural adaptation of Arabic CHEQ 2.0 in study II, syno-
nyms for four items (trousers, zipper, ice cream and candy) were added to 
accommodate for different Arabic dialects. In addition, the words “mints” 
and “pancake” were replaced with “candies” and “pie”, respectively, to 
make the content of these items more culturally relevant. Consequently, 29 
items (97%) retained the same sematic meaning as in the original CHEQ 
version, but the word “Handle” in the item “Handle playing cards” was 
incorrectly translated.  

The mean of the comprehension rate of the items was 93% and relevance 
was 90%. However, two items that concerned using a knife and fork re-
ported the lowest comprehension and cultural relevance rates. In addition, 
the item “Handle playing cards” was reported as culturally irrelevant. For 
the CHEQ 2.0 opening question, the comprehension rate for the response 
option “Get help - How does it work if you try by yourself?” was low, 
which led us to make the Arabic translation more explicit: “Get help - How 
do you evaluate your hand if you try performing this activity by yourself 
without help?”.  

5.2 Rating scale structure (Studies I, III and IV) 
The four-point rating scale for the revised CHEQ 1.0 in study I indicated 
monotonic increase on average, and the step difficulties and distance be-
tween the adjacent response categories were within the recommended range. 
The number of observations per category was according to the recommen-
dations, see Table 4. However, the proportion of answers in category 1 was 
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low in all three scales (3% for Grasp efficacy, 8% for Time taken and 6% 
for Feeling bothered). 

In study III, the rating scale categories were too close to each other and 
in the Mobility domain, the order of category 1 and 2, and of category 2 
and 3 were reversed, based on the step difficulties, see Table 4 and Figure 
3a. We therefore collapsed categories 2 with 3 and 4 with 5 to improve the 
rating scale functioning, see Figure 3b. The new rating scale thus consisted 
of four categories instead of six, see Figure 4. 

 
 
Table 4: Rating scale structure for CHEQ and PEDI-UG 

Criterion Recommended 
value 

Study I 
Revised 
CHEQ 1.0 
 

Study III 
PEDI-UG 
Caregiver assis-
tance 

Study IV 
PEDI-UG 
Caregiver   as-
sistance 

Four re-
sponse cate-
gories 

Six response cat-
egories 

Four response 
categories  

Number of 
observa-
tions 

≥10 observa-
tions per cate-
gory 

Yes  Yes  Yes  

Average 
measure 

Increase mono-
tonically  

Yes Yes Yes 

Step diffi-
culties 

Increase mono-
tonically  

Yes Yes, except  
Mobility domain, 
which reported a 
reversal of steps 
1/2 and 2/3 

Yes 

Distance 
between 
adjacent 
categories  

1.4–5.0 logits Yes No Yes 

(CHEQ = Children’s Hand-use Experience Questionnaire, PEDI-UG = Uganda ver-
sion of the Pediatric Evaluation of Disability Inventory) 
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Figure 3: Response category structure of the rating scale for the Caregiver assistance 
part of the Ugandan version of Pediatric Evaluation of Disability Inventory. (a) 
Original six‐category scale. The arrows indicate the narrowness/overlap between 
adjacent categories. (b) Modified four‐category scale after combining categories 2 
and 3 and categories 4 and 5. 
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Figure 4: Rating scale for the Caregiver assistance part of the Uganda version of 
Pediatric Evaluation of Disability Inventory: (a) original rating scale with six re-
sponse categories and (b) new rating scale with four categories, where 0 = total as-
sistance (the child is totally dependent on caregiver, or the activity is not applicable), 
1 = maximal assistance (the caregiver contributes more than half of the effort for the 
activity, the child provides some meaningful assistance), 2 = minimal assistance (the 
child contributes more than half of the effort for the activity, the caregiver provides 
some meaningful assistance) and 3 = independent (the child performs the activity 
independently or with very limited assistance, such as some verbal instruction, from 
the caregiver). The 50% is the midpoint that indicates how much effort (assistance) 
is needed by the caregiver for the activity 58. 

(0) 
Total   

Assistance 

(1) 
Maximal 
Assistance 

(2) 
Moderate 
Assistance 

(3) 
Minimal 

Assistance 
(4) 

Supervision 
(5) 

Independent 

50 % 

a) 

b) 

(0) 
Total   

Assistance 

(1) 
Maximal 
Assistance 

(2) 
Moderate 
Assistance 

(5) 
Independent 

50 % 
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5.3 Targeting (Studies I, III and IV) 
The effective operational range of all items under each scale of the revised 
CHEQ 1.0 in study I indicated that the items covered ≥90% of children 
for Grasp efficacy and Time taken scales. However, 27% of children were 
outside the effective operational range for the Feeling bothered scale; 
about 47% of them reported the highest score on the scale (a ceiling ef-
fect).  

For PEDI-UG (study III), the distance between the mean value of person 
ability and item difficulty was >1 logit for all domains. In addition, all do-
mains except Self-care and Social function under the Functional skills part 
reported very high ceiling effects, see Table 5. 

Targeting between person ability and item difficulty was acceptable for 
all PEDI-UG domains. However, ceiling effects were higher than the ac-
ceptable value for all domains and the floor effects were high in the Care-
giver assistance part in study IV, see Table 5.  

Table 5: Targeting between item difficulty and person ability 

*Author’s selected cut-off point. Figures in bold indicated values that exceed the
recommendation. (CHEQ = Children’s Hand-use Experience Questionnaire, PEDI-
UG = Uganda version of the Pediatric Evaluation of Disability Inventory, NI: not
investigated. FS = Functional skills, CA = Caregiver assistance.)

Criterion Recom-
mended 
value 

Study I Study III Study IV 

Revised CHEQ 
1.0 

PEDI-UG PEDI-UG 

Mean 
person 
ability 

±1 logit* NI FS: 
Range 1.49–2.27 
CA: 
Range 1.38–3.78 

FS: 
Range 0.59–0.84 
CA: 
Range 0.24–0.89 

Ceiling 
effect 

≤2% Range 2.1–12.8 FS: 
Range 1.2–9.6 
CA: 
Range 16.8–38.5 

FS: 
Range 6.8–8.5 
CA: 
Range 14.5–21.2 

Floor 
effect 

≤2% Range 0–1.2 FS: 
Range 1.6–2.8 
CA: 
Range 2.0–2.5 

FS: 
Range 0.0–2.5 
CA: 
Range 10.3–17.8 
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5.4 Fit analysis (Study I, III and IV) 
For study I, the initial item fit analysis showed the item ‘Fasten a necklace’ 
with misfits in all three scales; this item was therefore removed, and further 
analyses were based on 28 items. The final fit analysis reported acceptable 
fit for the Grasp efficacy and Time taken scales, while three items (11%) 
indicated misfit for the Feeling bothered scale. 

The initial item fit analysis of PEDI-UG in study III indicated misfit items 
more than the recommended limit of 5% in the Self-care and Mobility do-
mains. Consequently, six items were removed from these domains. In addi-
tion, the item “Tub transfer” indicated overfit to the model with non-posi-
tive point-biserial correlation; it was answered by one out of 249 respond-
ents and therefore was removed due to irrelevance. The percentage of per-
sons with misfit was higher than recommended, ranging between 7–13% in 
all domains.   

For study IV, the initial item fit analysis of PEDI-UG showed misfit in 
10% of items under both the Self-care domain and the Mobility domain. 
Further investigation of the misfit items, taking clinical relevance into con-
sideration, suggested deleting two items and merging two items. All four 
items were in the Self-care domain. In addition, the new alternative items 
about brushing teeth using a stick instead of a toothbrush were deleted due 
to a low frequency of responses. Only one item showed misfit under the 
Caregiver assistance part and it was retained in the analysis. The final num-
ber of items for PEDI-UG is presented in Table 6. The final fit analysis still 
reported item misfit higher than 5% in the Self-care and Mobility domains. 
Person misfit was 8% in the Mobility and Social function domains; further 
investigation by comparing item difficulty with and without the children 
with misfit indicated that the items were within the CI, which meant they 
had no significant effect on the instrument structure 128. 

 
 

Table 6: Structure of the final version of PEDI-UG  

Part Rating 
scale 

Domains  

Self-
care 

Mobility Social func-
tion 

Total 
items 

I: Functional skills  0,1 69 47 (13)* 64 180 

II: Caregiver assis-
tance  

0–3 8 5 5 18 

*The number within brackets indicates the number of alternative items. (PEDI-UG 
= Uganda version of the Pediatric Evaluation of Disability Inventory.) 
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5.5 Unidimensionality (Studies I, III and IV) 
In study I, all scales of the revised CHEQ 1.0 demonstrated unidimension-
ality. Although the observed variance explained by the measures for each 
scale was lower than the recommended value, the residual variance ex-
plained in the first contrast of the principal component analysis was not 
large enough to indicate a second dimension that may affect the main dimen-
sion. Thus, there was acceptable evidence of unidimensionality, see Table 5. 

In study III, the variance explained by the measures (the main factor) for 
the PEDI-UG domains was above the recommended minimum value except 
for the Mobility domain under the Functional skills part. However, the re-
sidual variance explained in the first contrast (reflecting a second dimen-
sion) was below 5%, or the eigenvalue was less than 2, which supported 
unidimensionality. 

In study IV, the unidimensionality of PEDI-UG was confirmed in all do-
mains: the variance explained by the measures was above the recommended 
minimum value, as were the disattenuated correlations. However, the resid-
ual variance explained in the first contrasts, and/or the eigenvalues, were 
higher than the acceptable value, see Table 7. 
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Table 7: Summary of the unidimensionality criteria and outcomes for CHEQ and 
PEDI-UG 

Criterion  Recom-
mended 
value 

Study I Study III Study IV 
Revised 
CHEQ 
1.0 

PEDI-UG PEDI-UG 

Variance ex-
plained  
by the meas-
ure  
(main dimen-
sion) 

≥ 60% Range 
52.5–
56.9 

FS: 
Range 54.8–
68.7 
CA: 
Range 72.9–
81.0 

FS: 
Range 71.8–74.4 
CA: 
Range 77.9–82.3 

Unexplained 
variance by 
first contrast 
(second di-
mension) 

≤ 5% Range 
3.1–3.3 

FS: 
Range 1.9–3.7 
CA: 
Range 4.7–8.7 

FS: 
Range 1.9–2.9 
CA: 
Range 5.9–7.1 

Eigenvalue  
(second di-
mension) 

≤ 2 2 for 
each 
scale 

FS: 
Range 4.3–4.5 
CA: 
Range 1.4–2.0 

FS: 
Range 5.1–6.6 
CA: 
Range 1.6–2.6 

Disattenuated 
correlation 

≥ 0.7 NI NI FS: 
Range 0.86–0.97 
CA: 
Range 0.93–0.99 

(CHEQ = Children’s Hand-use Experience Questionnaire, PEDI-UG = Uganda ver-
sion of the Pediatric Evaluation of Disability Inventory, FS = Functional skills, CA 
= Caregiver assistance, NI = not investigated.) 

 

5.6 Reliability and separation (Study I, II, III and IV) 
In study I, the person reliability (internal consistency) of the revised CHEQ 
1.0 scales ranged between 0.89 and 0.91 which was excellent and was con-
firmed by person separation above the recommended minimum value, 
which indicated the ability of the questionnaire to distinguish between the 
children based on their ability, see Table 8. Item reliability values were 
0.87–0.92, which confirmed that the items represented a wide difficulty 
range, and the item separation was 2.6–3.5, indicating that the items could 
be separated into three to four subgroups based on the item difficulty hier-
archy. 

In study II, the Cronbach’s alpha values, an indicator of internal con-
sistency, ranged between 0.94 and 0.96 for CHEQ (3–8 years) and 0.97 for 
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each scale in CHEQ (6–18 years). The 95% CIs were close, ranging between 
0.92 and 0.98 for the scales in both versions. 

In study III, internal consistency and person separation were above the 
recommended minimum value for all PEDI-UG domains except the Mobil-
ity domain under the Caregiver assistance part. In addition, item reliability 
and separation indicated a wide difficulty range for items.  

Study IV reported excellent reliability and separation values in all PEDI-
UG domains, see Table 8. 

Table 8: Summary of reliability and separation criteria and outcomes for CHEQ and 
PEDI-UG 

Criterion Recom-
mended 
value 

Study I Study II Study III Study IV 
Revised 
CHEQ 1.0 

CHEQ 2.0 PEDI-UG PEDI-UG 

Person 
(test) relia-
bility 

≥ 0.8 0.89–.91 Version 
3–8 yrs: 
0.94– 0.96 
Version 
6–18 yrs: 
0.97 per 
scale 

FS: 
0.91–0.97 
CA: 
0.71–0.89 

FS: 
0.96–0.97 
CA: 
0.91–0.93 

Item relia-
bility 

≥ 0.8 0.87–0.92 NI FS: 
0.97–0.99 
CA: 
0.98–0.99 

FS: 
0.98 per 
domain 
CA: 
0.95–0.98 

Person 
separation 

≥ 2 2.9–3.5 NI FS: 
3.15–5.52 
CA: 
1.56–2.82 

FS: 
5.11–5.45 
CA: 
3.10–3.53 

Item sepa-
ration 

≥ 2 2.6–3.5 NI FS: 
5.69–
10.10 
CA: 
6.57–8.86 

FS: 
6.30–7.01 
CA: 
4.44–7.73 

*Cronbach’s alpha was used to calculate test reliability in study II. Figures in bold
indicate reliability coefficient lower than recommended. (CHEQ = Children’s
Hand-use Experience Questionnaire, PEDI-UG = Uganda version of the Pediatric
Evaluation of Disability Inventory, NI = not investigated, FS = Functional skills,
CA= Caregiver assistance.)
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5.7 Differential item functioning (DIF) and differential test func-
tioning (DTF) (Studies III and IV) 
In study III, DIF analysis between children from rural and urban areas indi-
cated that between 20% and 29% of the items demonstrated significant DIF 
for the Functional skills part and between 17% and 40% for the Caregiver 
assistance part. 

In study IV, DIF analysis between typically developing children and chil-
dren with CP for the Functional skills part showed 30% of items with DIF 
in the Self-care domain, 45% in the Mobility domain and 50% in the Social 
function domain. Some of the DIF items were easier for typically developing 
children and the others were easier for children with CP. DTF analysis con-
firmed that the DIF items were outside the 95% CI. For the Caregiver assis-
tance part, only two items with DIF, both in the Social function domain, 
were easier for children with CP. The DTF indicated one item with DIF 
under this domain. 

5.8 Test-retest reliability (Studies I, II, III and IV) and minimal 
detectable change (MDC) (Study IV) 
In study I, the ICC value ranged between 0.89 and 0.91 for the scales of the 
revised CHEQ 1.0, while the 95% CI was wide for all scales, ranging be-
tween 0.69 and 0.96.  The weighted Cohen’s kappa for the opening ques-
tions showed fair to good agreement: 0.63 for questions about performing 
the activity independently and 0.57 for questions about using the affected 
hand to grasp or support an object. 

In study II, all CHEQ 2.0 scales demonstrated good to excellent test-re-
test reliability at the scale level (total score): for the CHEQ (3–6 years) the 
ICCs ranged between 0.80 and 0.90 and for the CHEQ (6–18 years) they 
ranged between 0.77 and 0.88. However, at the item level, the kappa 
showed two items having no agreement under the Feeling bothered scale, 
and the rest of the items indicated poor-to-good agreement; the kappa 
ranged between 0.21 and 0.64 for the Hand function scale, 0.05 to 0.68 for 
the Time taken scale and -0.11 to 0.69 for the Feeling bothered scale. The 
results of the kappa analysis for age-specific items, three items in CHEQ (3–
8 years) and nine items in CHEQ (6–18 years), were disregarded because of 
low sample size: 18 and 21 children, respectively. 

In study III, all PEDI-UG domains reported ICC values above the mini-
mum recommended value; ranging between 0.86 and 0.92.  
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In study IV, ICC values were also high: 0.99 in all domains of the Func-
tional skills part, and for the Caregiver assistance part, the ICC values for 
the test-retest correlation were between 0.98 and 0.99. The MDC95% CI val-
ues for the Functional skills part were as follows: Self-care domain 4.43, 
Mobility domain 5.10 and Social function domain 5.27. This indicates that 
a difference of six scaled scores is required in the Functional skills part of 
PEDI-UG to indicate a true difference. The MDC95%CI for the Caregiver as-
sistance part were: Self-care domain 6.87, Mobility domain 12.40 and So-
cial function domain 7.32, which indicates a need for a difference of be-
tween 7% and 13% to overcome the measurement error. 

5.9 Relationship to other variables (Study IV) 
The Kruskal–Wallis one-way analysis of variance reported significant dif-
ferences (p<0.001 for all domains) in PEDI-UG scores for children with CP 
at different functional severity levels, which refuted the null hypothesis and 
thus supports the known-groups validity of the measurement tool.  

The Spearman’s rank-order correlation coefficients between the total 
scaled score of children with CP in the domains Self-care, Mobility and So-
cial function and the severity levels measured by the classification instru-
ments MACS, GMFCS and CFCS, respectively, ranged between -0.93 and -
0.78. This negative linear relationship indicates that an increase in severity 
level in the classification system was associated with a decrease in the total 
scaled score.  

The developmental trajectories of the children with CP showed an irreg-
ular pattern of development, see Figure 5. As expected, the corresponding 
scores for typically developing Ugandan children showed a more coherent 
pattern. This is confirmed by the Mann-Whitney U tests, which indicated 
significant differences between children with CP and typically developing 
children for all domains except the Self-care (p= 0.17) and Social domains 
(p= 0.11) under the Functional skills part. 
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Figure 5: logarithmic scale of the developmental trajectories of participants with 

cerebral palsy (CP) and typically developing children from Uganda. The Y-axis rep-
resents the scaled score of PEDI-UG on the 0–100 scale, and the X-axis represents 
age in years.    
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6 Discussion 

6.1 General discussion 
The psychometric properties of the measurement tools CHEQ and PEDI-
UG were investigated in this thesis to accumulate evidence for validity that 
would support the clinical use of these instruments in rehabilitation inter-
ventions. Most of the psychometric properties for both measurement tools, 
especially the adjusted versions, were within the recommended values, indi-
cating a good degree of validity. Nonetheless, continued investigation of the 
psychometric properties that were not satisfied (such as DIF for PEDI-UG) 
or not investigated (such as unidimensionality of the Arabic version of 
CHEQ 2.0) will help to accumulate validity evidence and increase the degree 
of validity. 

CHEQ was developed to measure how children with unilateral hand dis-
ability themselves experience their performance of the daily tasks that usu-
ally require the use of both hands; this reflects a different aspect of hand 
function compared to tests measuring observed hand function, such as the 
Assisting Hand Assessment 109. In addition, it focuses on the occupational 
performance of bimanual daily tasks specifically by children with unilateral 
disability, unlike questionnaires such as ABILHAND-Kids, which covers 
daily living tasks with a broader spectrum of disabilities 57.  

PEDI was also designed to assess the occupational performance of a wide 
range of daily activities 129. It assesses occupational performance in three 
important domains: self-care, mobility and social function, and it is thus a 
measurement tool to be used for children with various forms of disability. 
PEDI-UG was a culturally adapted version to be used in Uganda, and inves-
tigating its psychometric properties was pivotal in the validation of this 
adapted version. 

Each cultural context in this thesis was found to differ from the context 
of the original versions of CHEQ and PEDI, and adaptations to reflect these 
differences were necessary to provide culturally valid measurement tools. 
The thesis demonstrates the importance of cultural adaptation to ensure the 
validity of the measurement tool. Minor but important changes to CHEQ 
2.0 were necessary to make it comprehensible and valid for use in Jordan. 
Even though PEDI-UG was culturally adapted and validated, by Kakooza-
Mwesig et al. 10, studies III and IV of this thesis suggested further adjust-
ments that could help to increase the validity of PEDI-UG, ensuring that it 
can be used in the intended context and measure the intended underlying 
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construct (namely, occupational performance). Adjustments such as delet-
ing or adding items are a standard element of the cultural adaptation of a meas-
urement tool, and this procedure has been employed in other settings 130, 131.    

The validation process was based on the accumulation of psychometric 
properties from different sources of evidence for validity. Rasch analysis 
was used for this purpose in three of the four studies in the thesis. However, 
validation is an ongoing process 8, and an array of psychometric properties 
can be investigated to accumulate evidence for validity. Other publications 
using Rasch analysis may use some of these psychometric properties, while 
some favour different properties to accumulate different or more evidences 
132. 

6.2 Evidence based on test content (studies I–IV) 
The opening questions in the revised CHEQ 1.0 (study I) were intended to 
reflect the child’s performance by asking whether the activity is performed 
independently and how the affected hand is used. However, the inclusion 
of the response option “Not applicable” allowed respondents to skip the 
item altogether, which led to missing responses that affected the outcome. 
In addition, the response option “Get help” in the opening question was 
hard for respondents to understand and was therefore rephrased more pre-
cisely in CHEQ 2.0 as “Get help- how does it work if you try for yourself?” 
If the activity is not applicable, the respondent may select the response op-
tion “Not applicable” in each scale. This strategy is similar to the PEDI: if 
a child is unable to perform a task or it is not applicable to that child, the 
answer to that item will be “unable” 58.  

The second opening question in revised CHEQ 1.0 asked whether the 
affected hand is used to hold or only support the object involved in the 
activity, but the validation suggested simplifying this to the use of both 
hands in the activity regardless of how the affected hand is involved, see 
Table 9. In addition, the data suggested removing items with highest misfit 
and those with many missing responses; this reduces the content of CHEQ, 
and thus the time to complete the questionnaire, without reducing its qual-
ity. CHEQ 2.0 was developed to incorporate these suggested changes and 
to include children from the age of 3 years. CHEQ 2.0 is available free at 
www.cheq.se. For differences between the CHEQ 1.0 and CHEQ 2.0 see 
Table 9. 

Consequently, CHEQ 2.0 was used in study II, by updating the current 
version at that time to comply with CHEQ 2.0. Modern standard Arabic 
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was used in the Arabic CHEQ 2.0 to make it understandable in larger Ara-
bic-speaking populations. For the same reason, synonyms for certain words 
were added where the synonyms would be more familiar in one region than 
other regions in the Arabic-speaking world. In addition, some examples 
were replaced with more familiar ones in some items in order to better 
match the intended meaning of the item; this may have contributed to the 
high comprehension rate of the Arabic CHEQ 2.0. Similar strategies have 
been applied in other studies, for instance, adaptations of items have been 
made when adjusting the Arabic version of the Health Assessment Ques-
tionnaire and the SF-36 questionnaire 10, 133-135. 

Study II reported high cultural relevance for most of the CHEQ 2.0 items. 
Still, using a knife and fork for eating was not culturally relevant, given that 
the eating style in Jordan may involve holding a spoon or fork in one hand 
and using the other hand to help without using cutlery. Replacing the orig-
inal CHEQ 2.0 items about using a knife and fork was challenging because 
it required culturally related items that reflect the same intended hand func-
tion. The Arabic CHEQ 2.0 used in study II still includes the original items, 
and the cultural aspect should therefore be taken into consideration when 
using the Arabic CHEQ 2.0 clinically in similar contexts. The meaning of 
the response option “Get help - How does it work if you try for yourself?” 
in the opening question was not sufficiently clear to the respondents, which 
suggests that a more specific explanation should be added to the Arabic 
CHEQ 2.0. 
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Table 9:  Presentation of the structure of CHEQ 1.0 and CHEQ 2.0 

Aspect CHEQ 1.0 CHEQ 2.0 
Age range 6–18 years 3–18 years 
Versions Not applicable CHEQ 6–18 years 

CHEQ 3–8 years 
Number of 
items 

29 30 distributed as follows: 
18 shared items between both 
age versions of CHEQ 2.0 
3 items specific to CHEQ 3–8 
(in total 21 items) 
9 items specific to CHEQ 6–18 
 (in total 27 items)  

Rating 
scale 

10 response categories (1–10) 4 response categories (1–4) 

Opening 
questions 

Is this something you usually 
do independently? 
Yes 
No, I get help/ avoid doing it 
Not applicable 

Do you usually use one hand, 
both hands together or get help? 
One hand 
Both hands 
Get help - How does it work if you 
try for yourself?  Do you use one hand or both 

hands together? 
One hand 
Both hands, the involved hand 
supporting without holding 
Both hands, the involved hand 
holding the object  

Scales Grasp Efficacy: 
How effective is the grasp / 
support? 

Hand use: 
How do you think your hand 
works? 

Time taken:  
How much time do you need to 
do the whole task, compared to 
peers? 

Time taken:  
How much time do you need to do 
the whole task, compared to 
peers? 

Feeling bothered: 
Does your hand function bother 
you in this activity / situation? 

Feeling bothered: 
Does your hand function bother 
you in this activity / situation? 

(CHEQ = Children’s Hand-use Experience Questionnaire.) 
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Targeting between PEDI-UG items and typically developing children in-
dicated that these children’s ability exceeded what PEDI-UG can measure. 
This was expected, given that PEDI was developed for children with disa-
bility and thus it concentrates on the lower end of the functional skills con-
tinuum 58, 59. However, some typically developing children showed a floor 
effect (the lowest ability), which might indicate that their parents, answering 
the PEDI-UG questions about their child, underestimated the child’s level of 
independence; this has been reported in similar studies in Puerto Rico, Saudi 
Arabia and Turkey 54, 62, 136.   

The item “Tub transfer” in PEDI-UG was answered by only one respond-
ent out of 249 in study III. This confirmed the similar results found by 
Kakooza-Mwesig et al. in the cultural validity study of PEDI-UG 10. In ad-
dition, studies in Sweden, Norway, Germany and Saudi Arabia reported 
that a bathtub was not commonly used in these countries 63, 68, 129, 136, 137. 
Alternative items about brushing teeth using a stick instead of using a tooth-
brush were answered by only 15 respondents; this indicated that these items 
were not culturally common. However, to keep this alternative, the tooth-
brushing items were modified by adding the word “stick” as an alternative, 
for instance, item 16: “Does the child hold the toothbrush/stick, but does 
not functionally clean the teeth?”. 

6.3 Evidence based on response process (studies I, III, IV) 
The respondents were able to distinguish between the categories of the four-
point rating scale of CHEQ based on category difficulty, which confirmed 
the suggested collapsing of the 10-point rating scale in the revised CHEQ 
1.0 (study I). The low proportion of respondents selecting the first category 
may be explained by the ability level of the children; that is, if the child did 
not perform the task due to its difficulty, he or she could skip the question 
by selecting “not applicable” rather than giving a low score for that task. 
This was an additional reason to develop CHEQ 2.0.  

PEDI-UG (study III) confirmed the previously reported problems about 
the original six-point rating scale for the Caregiver assistance part of PEDI 
10, 138. The very narrow distance between the response categories indicated 
that the respondents were not able to distinguish between the meaning of 
adjacent categories, especially between categories 2 (“Moderate assis-
tance”) and 3 (“Minimal assistance”) and between 4 (“Supervision”) and 5 
(“Independent”). Collapsing these categories into a four-point rating scale 
gave clearer differences between the categories, which was confirmed in 
study IV where the criteria for category function were fulfilled within the 
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recommended values. The category “Moderate assistance” in the new scale 
means that the physical effort from the caregiver is less than 50% of the 
effort that the activity may require, in other words, the child contributes 
more than 50% of the necessary effort. “Independent” means that the child 
performs the activity independently, with or without supervision from the 
caregiver. 

6.4 Evidence based on internal structure 

6.4.1 Unidimensionality (studies I, III, IV) 
For the revised CHEQ 1.0, misfit of the item “Fasten a necklace” can be 
explained by the fact that a necklace may be more familiar to girls than to 
boys; in addition, this item could be hard for the children as it requires a 
high level of coordination which may result in missing answers. This item 
may even reflect a second dimension because, after removing it, the other 
items indicated good fit to the Rasch model, which assumes unidimension-
ality. However, the main dimension was lower than the recommended value 
on all scales of the revised CHEQ 1.0, but the second dimension was not 
large enough to affect the unidimensionality. 

Again, answering items with “Not applicable” led to missing responses 
that could cause item misfit. For instance, two of the misfit items, ‘Handle 
playing cards’ and ‘Cut meat’, were difficult items (as shown in the Feeling 
bothered scale) with a low number of responses. To avoid the impact of the 
missing responses, it was suggested that all items must be answered in the 
CHEQ 2.0 version.  

Item misfit was reported in some PEDI-UG domains in both study III and 
study IV. Some of these items were deleted, but the number of misfit items 
was still higher than the acceptable value. The major threat of the misfit 
items is that they indicate multidimensionality in an instrument that is sup-
posed to be unidimensional, based on the Rasch assumptions. However, the 
principal component analysis of residuals and the disattenuated correlation 
confirmed that PEDI-UG is unidimensional and that the effect of the misfit 
items was low. Nonetheless, one or both of the indicators of a second di-
mension (namely, unexplained variance and eigenvalues) were higher than 
the acceptable value in some domains. This may be explained by examining 
the structure of the instrument, as follows: Under each domain there are 
several subdomains that may reflect different aspects of the underlying con-
struct, for instance grooming and toileting tasks under the Self-care domain. 
Each subdomain has its own subdimension but ultimately all subdomains 
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contributed positively to one dimension, as confirmed by the positive point-
biserial correlation. In addition, if one of the indicators for a second dimen-
sion was lower than the recommended minimum value, this could mean 
satisfactory unidimensionality 58, 110, 111. 

An important point to mention here is the interpretation of the results 
with respect to the clinical relevance of the items. For PEDI-UG, some misfit 
items were clinically important, but the effect of these items is not expected 
to impact the assumption of unidimensionality in light of the positive results 
of the principal component analysis of residuals and the disattenuated cor-
relation. Therefore, a balance between the statistical results and the clinical 
point of view is important, and our decision was to retain these items. Nev-
ertheless, these items should be investigated further in future studies to see 
whether they show misfit again.   

Person misfit in both of the PEDI-UG studies may be explained by varia-
tions in the environment between children from urban and rural areas. The 
unexpected response patterns may occur because the children with misfit 
were not familiar with the activity or even because the activity was not ap-
plicable to them, which led to the answer “unable” even if the child was 
capable of other items that were harder but more familiar. Study IV re-
ported high person misfit in some domains, and further investigation indi-
cated that most of the person misfit was with children with severe levels of 
CP (graded at level III–V in each classification system). The cross-plot of 
item difficulty with and without persons with misfit did not change notice-
ably, which means that the children with misfit did not affect the validity of 
PEDI-UG 128. 

6.4.2 DIF (studies III, IV) 
The DIF between children living in rural and urban areas (study III) sug-
gested that environmental factors may affect the hierarchy of items; for in-
stance, access to a car is very limited in rural areas, which led to the re-
spondents answering with “unable” for items about transportation (includ-
ing moving inside a car, stepping and transferring) because these activities 
were not applicable. Frequent answers with “unable” could indicate that 
the car was perceived as a harder item for children in rural areas compared 
to those in urban areas. This led us to add the alternative items with the 
motorbike, as a common means of transportation in rural Uganda, in the 
second version of PEDI-UG (study IV).   

The DIF between typically developing children and children with CP was 
expected in study IV because the developmental trajectory in children with 
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CP is somewhat different, as seen in Figure 5. However, many items demon-
strating DIF under the Functional skills part may merely reflect age differ-
ences, since the mean age of children with CP was significantly higher than 
the typically developing children.  

Some of the children with CP at levels I and II according to the classifi-
cation systems reached the maximum score, as for typically developing chil-
dren, but at a later age, while children with more severe forms of CP (levels 
III–V) showed stable scores at all ages. Similar results about the develop-
ment of ability in children at different severity levels were reported by Simits 
et al. and Öhrvall et al. 139, 140. DIF should be investigated further between 
children with CP at different severity levels, although this requires at least 
100 children at each severity level 141, which is beyond the scope of this 
thesis. Nonetheless, the DIF results in study IV support the use of an instru-
ment such as PEDI-UG, validated for the target group, in preference to the 
use of population-based norms. 

6.4.3 Reliability and separation (studies I–IV)  
The demonstrated internal consistency of CHEQ and PEDI-UG was an in-
dication that both measurement tools can distinguish with high confidence 
between the children based on their ability level. In addition, item reliability 
indicated stability in the hierarchy of item difficulty, also showing that these 
instruments can classify children based on ability and furthermore that the 
respondents were able to distinguish between the items based on their diffi-
culty. 

Person separation on PEDI-UG indicated that the children could be sep-
arated into several groups based on their ability, which was confirmed by 
the known-groups validity showing difference in ability between children 
with CP at different severity levels on the classification systems.   

The ICC demonstrated high agreement between both test occasions 
where there is no expected change in the performance; this in turn reflects 
the stability of CHEQ and PEDI-UG, which suggests that these instruments 
can be used in habilitation interventions in Jordan and Uganda, respectively 
113. However, for CHEQ, the poor agreements at the item level may suggest 
that the stability is in the total (0–100) CHEQ score and not at the individ-
ual item level; this implies that it is clinically important to use the total score 
as a measure of overall hand performance rather than using CHEQ to eval-
uate single activities. For PEDI-UG, the weighted kappa was not investi-
gated, but the results suggest that the scaled score is very useful for clinical 
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use, especially with the MDC, which helps to determine the true change 
over time for children with CP. 

6.5 Evidence based on relationship to other variables (study IV) 
The Spearman’s correlations provided convergent evidence between PEDI-
UG and the classification systems in the relevant domain. In addition, 
known-groups validity explained that PEDI-UG can classify children in ac-
cordance with the classification systems. Both indicated the high correlation 
between the PEDI-UG and the three classification systems, which accumu-
lates evidence for the validity of PEDI-UG. In other words, children with 
high severity levels showed low scaled scores in each domain, and children 
with low severity levels showed high scaled scores.  

The spread of ability among children with CP can be attributed to their 
differences in severity level. Children at levels III to V are likely to demon-
strate stability in their ability in most of the domains, especially in the most 
severe cases. This is confirmed in other studies; for instance, Palisano et al. 
found similar trajectories to confirm the validity of GMFCS, which in turn 
confirms the face validity of the PEDI-UG to distinguish between different 
severity levels 142. 

6.6 Evidence based on consequences of testing 
The cultural adaptations made in the instruments indicate the uniqueness of 
the cultural contexts and confirm the need for culturally adapted instru-
ments to reflect occupational performance in valid and reliable way. 

6.6.1 Construct under-representation 
Generally, the CHEQ scales and PEDI-UG domains targeted most of the 
children; however, the problem of missing data in the revised CHEQ 1.0 
was a potential cause of the high ceiling effect, which may indicate that the 
instruments’ items could target these children’s ability as long as there are 
no missing responses. Nevertheless, investigation of targeting of CHEQ 2.0 
should be examined in future studies in order to investigate construct under-
representation. For PEDI-UG, high ceiling effects were expected in typically 
developing children because PEDI focuses on the lower end of the functional 
skills continuum 58, 59. PEDI-UG also showed high ceiling effects for the chil-
dren with CP; this can be explained by the fact that older children with mild 
CP severity levels can master the items, which was reported in study IV.  
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Floor effects were also found in PEDI-UG, indicating that children with 
CP were underrepresented, but this was only found in the Caregiver assis-
tance part. This can be explained by the fact that this part contains only 18 
items, which may not reflect the detailed variation in the children’s ability 
in different activities, while these children did not show floor effects in the 
Functional skills part, which contains 180 items. An additional likely cause 
of floor effects in the Caregiver assistance part was that most of these chil-
dren were classified at the severe levels of CP (levels IV and V). 

6.6.2 Construct-irrelevant variance 
Several items indicated misfit to the Rasch model, which can indicate irrel-
evance of these items to the construct. However, unidimensionality was con-
firmed by the principal component analysis of residuals, and the positive 
point-biserial correlations further confirmed that all items under the respec-
tive domains share one common dimension. Therefore, both measurement 
tools are shown to reflect the intended construct and all items are relevant 
to it. 

The DIF indicated that PEDI-UG did not function in the same way for 
typically developing children and children with CP, which means that com-
parisons between these groups may be misleading. Thus, study IV produced 
special conversion tables for children with CP. The variation within the 
group of children with CP was significant, which in turn may affect the DIF; 
therefore, investigating the DIF between severity levels of children with CP 
is also recommended. 

6.7 Methodological considerations 
All studies in this thesis were cross-sectional in study design, in other words, 
the measurement tools were used at a specific point in time. Nevertheless, 
some of the participants completed CHEQ or PEDI-UG a second time for 
the measurement of test-retest reliability.  

6.7.1 Samples 
The sample sizes in the studies using Rasch analysis were sufficient to ensure 
stability of the results, and this was confirmed by the consistently high item 
reliability 83, 95. In study II, the cross-cultural adaption step used a small 
sample because each participant was interviewed in a semi-structured inter-
view to discuss their understanding of the Arabic version of CHEQ 2.0 and 
its cultural relevance to them. For the psychometric testing step, the sample 
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of 161 children was judged to be acceptable, and a subsample of 39 children 
was large enough for test-retest reliability 93.  

Missing responses were an issue in studies I and III, but Rasch analysis is 
robust even with missing data; therefore, children with missing responses 
were retained in the analysis. Furthermore, as a result of this issue in study 
I, CHEQ 2.0 was modified so that each item requires a response in order to 
proceed to the next item, and if the item is not applicable, the respondent is 
asked to answer with the lowest response option, “0”.    

For studies I and II, the participants were clients in the rehabilitation clin-
ics and were not randomly selected. The study II data collection in Jordan, 
for example, included all children who fulfilled the study criteria and agreed 
to participate. Random selection was not feasible because finding partici-
pants who fulfilled the criteria was not easy, even after extending data col-
lection to several rehabilitation clinics in Jordan. In addition, children with 
unilateral CP did not have regular appointments at the rehabilitation clinics. 

For study III, the selection of typically developing children was not com-
pletely random either, as 75 of the 249 children were a convenience sample. 
Nonetheless, the entire sample is considered to be representative of typically 
developing children in Uganda because it included children from both rural 
and urban areas and in a wide age range that represented the age span of 
PEDI (6 months to 7.5 years). For study IV, children with CP were recruited 
in two data collections in Eastern Uganda; 81 of them were from a popula-
tion-based study which can be considered representative of the population 
of children with CP in Uganda. However, the remaining 37 children with 
CP were attending interventions at different rehabilitation clinics when their 
parents were invited to participate in the study, which could affect the rep-
resentativeness of the sample. Hence, it is not claimed that the samples are 
representative for the prevalence of CP or other disabilities included in this 
thesis. 

The sample size for DIF analysis should be at least 100 respondents in 
each group 141; therefore, DIF analyses were performed only for the groups 
that fulfilled this criterion (DIF between urban and rural children in study 
III and between typically developing children and children with CP in study 
IV). The participants in study I were all diagnosed with unilateral CP, but 
they were from six different countries, which would have been important to 
investigate using DIF if sample sizes had allowed it. In addition, DIF com-
parisons between different CP severity levels among the children with CP 
were important for the validity of both PEDI-UG and CHEQ 2.0. Therefore, 
this should be investigated in studies with large samples. 
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6.7.2 Cross-cultural adaptation 
The cultural adaptation process was based on the ISPOR guidelines. How-
ever, because the revised CHEQ 1.0 was forward-translated to Arabic be-
fore study II, some deviations were made from the ISPOR guidelines. Firstly, 
the forward translation was carried out only for the new adjustments to 
CHEQ 2.0 and then the previously translated text was reviewed to produce 
one forward-translated version of CHEQ 2.0 (called the Updated Arabic 
CHEQ). Secondly, an additional step was added to confirm the face validity 
of the text of the Updated Arabic CHEQ before proceeding with the adap-
tation process, namely, asking typically developing children and their par-
ents to read the questions and give feedback on whether the language was 
easy to read and understand. Thirdly, the back-translation teams in phase 
II were native Arabic speakers and fluent in English but not native English 
speakers; therefore, a control group of two researchers who were also native 
Arabic speakers and fluent in English were asked to compare the original 
version of CHEQ with the Updated Arabic CHEQ and back-translated ver-
sions. Fourthly, the Updated Arabic CHEQ was used in phase II (back-
translation) and III (cognitive debriefing), which can be considered as a lim-
itation, but the results of phase II did not suggest any major changes in the 
Arabic text, which reduced the effect of this limitation. Fifthly, the item 
comprehension rate and average cultural relevance score (not required in 
the ISPOR guidelines) were calculated to provide a quantitative measure to 
summarise the cognitive debriefing results. 

The changes in the examples used, such as “pie” instead of “pancake” 
were made in order to provide more culturally relevant examples; the Arabic 
version was still considered to be equivalent to the original version of 
CHEQ 2.0 because the new examples required the same hand function as 
the original examples. It is supposed that the Arabic version of CHEQ 2.0 
is understandable in other Arabic-speaking countries because it is written 
with modern standard Arabic. Nonetheless, this needs to be investigated by 
comparing it between different Arabic countries. 

6.7.3 Methods of data analysis 
For CHEQ and the Caregiver assistance part of PEDI-UG, all the items 
share the same rating scale structure, and in the rating scale model, the 
Rasch analysis treats each rating scale as one single item. This is useful be-
cause all the items are assumed to reflect one dimension and the sum score 
is the important outcome of CHEQ and PEDI-UG, scaled to a 0–100 score 
in both measurement tools. For the Functional skills part of PEDI-UG, the 
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response options were “able” or “unable”; therefore, the dichotomous 
model is the default in this case. 

Three studies in this thesis were analysed using Rasch, and these studies 
shared almost the same criteria because each criterion 104 reflects different 
evidence of validity. However, this did not mean that each study is a repli-
cation of the other studies, but rather, each study had its unique aims that 
were based on a previous study. For instance, study IV was a response to 
study III and used the same criteria in addition to DIF and the relation with 
classification systems (convergent evidence and know-group validity) as va-
lidity evidence. 

Unidimensionality is a fundamental assumption in Rasch and this was 
investigated with fit analysis and principal component analysis of residuals. 
Infit is a statistic that gives more weight to responses near the given item 
difficulty, while outfit is sensitive to responses far away from item difficulty 
105. MnSq is a chi-square statistic used in Rasch to measure  the association
between the model and the data 105. The ZSTD (Z standardized value) is
based on the MnSq and provides a t-test statistic measuring the probability
that a high MnSq is significant 105. Fit analyses in this thesis were based on
infit MnSq in the range 0.71–1.4 with ZSTD -2.0 – 2.0 in study I, but the
MnSq range was changed to 0.5–1.5 in studies III and IV without using the
ZSTD. For practical reasons, we selected a wider range which would still
be “productive” for clinical use. It is not recommended or necessary to re-
port both MnSq and ZSTD because both reflect the fit 105. However, the
MnSq indicates whether the data reflect the Rasch model “productively” in
clinical settings, while the ZSTD further investigates whether the data fit
the model “perfectly”, which can be hard to achieve for all items when com-
paring between the theoretical model and empirical data 105. In the case of
multidimensionality where each domain has equal items to reflect the di-
mension, the fit analysis is insensitive to detect the multidimensionality,
therefore the principal component analysis of residuals is recommended 143

and reported in this study.
Item independency is another fundamental assumption in Rasch. This 

was investigated, but not reported in the studies, which can be considered 
as a limitation. However, no item dependency was found for the revised 
CHEQ 1.0. For PEDI-UG, some items in the same subdomain  showed item 
dependency, but this should not be interpreted as multidimensionality di-
rectly; for this, the principal component analysis of residuals is required 143. 
The effect of the subdomains was discussed earlier in the thesis and it is 
normal for items under the same subdomains to reflect another dimension 
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and to correlate with each other more than with other items; although this 
could suggest other dimensions, the principal component analysis of resid-
uals indicated that all items in fact belonged to the main dimension. 

The presentation of developmental trajectories for typically developing 
children and children with CP was based on the ages and ability of the chil-
dren. However, the age span of the children with CP was wider and their 
mean age was significantly higher than the typically developing children, 
which may affect the observed developmental trajectories. Significant dif-
ferences between the different CP severity levels may also affect the trajec-
tories for the children with CP. Therefore, the developmental trajectories 
should be interpreted with caution, as they cannot be generalized before 
including larger samples with a similar age range at each severity level to 
eliminate the effect of age on the comparison. 

6.8 Clinical implications  
Rehabilitation interventions for children with CP or other disabilities aim 
to improve the children’s performance of the daily activities that they are 
familiar with. Evaluating children’s performance is an important starting 
point in the intervention, because it will help to determine where interven-
tion is needed and to monitor change over time. 

This thesis provides evidence for the validity of these measurement tools 
when used in the intended cultural context. The demonstration of their psy-
chometric properties suggests that they are valid tools for use in rehabilita-
tion interventions.  

6.8.1 Children’s Hand-use Experience Questionnaire (CHEQ 2.0) 
CHEQ 2.0 focuses on the performance of bimanual daily life activities that 
are common for children. This thesis provides evidence that the Arabic ver-
sion of CHEQ 2.0 is valid for use with children aged 3–18 years in Jordan. 
The content was culturally adapted to be suitable for children in Jordan, 
although activities including the use of a knife and fork were retained in the 
Arabic version, so the respondents need to be aware that certain activities 
in CHEQ 2.0 may not be applicable to them. 

The varied difficulty level of the CHEQ 2.0 items, from very easy to very 
hard activities, is useful for evaluating children with different levels of abil-
ity regarding bimanual hand performance at a range of difficulty levels. In 
addition, CHEQ 2.0 can be used to monitor change in bimanual hand func-
tion due to its stability across test occasions.  
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Based on the results of study I and the internal consistency between items 
in study II, the items in each scale are expected to reflect the underlying 
construct; for instance, all items are expected to reflect overall hand func-
tion and each single item is expected to reflect a specific element of hand 
function. However, this needs to be confirmed in future studies. 

CHEQ 2.0 is available for free online at https://www.cheq.se/ and the 
scores are presented on a 0–100 scale, which makes it easy to interpret the 
outcomes and to compare scores on different scales.    

The Arabic version of CHEQ 2.0 will help to fill the gap in valid meas-
urement tools in the Arabic region that have a similar cultural context to 
Jordan. The Arabic CHEQ 2.0 may be used for children with different 
forms of unilateral hand disability (ULRD, unilateral CP, and OBPP). 

6.8.2 Uganda version of the Pediatric Evaluation of Disability Inventory 
(PEDI-UG) 
PEDI-UG can be used to measure children’s performance in the daily life 
domains self-care, mobility and social function in Uganda and similar sub-
Saharan contexts. The content of the tool is culturally adapted to be suitable 
for this cultural context and the range of items covers different difficulty 
levels of performance. 

PEDI-UG is unidimensional, which means that all items under a scale or 
a domain together measure the whole domain. The conversion tables are 
products of the validation process in this thesis, providing direct conversion 
from the raw sum score to a 0–100 scaled score. As for CHEQ 2.0, it is easy 
to interpret the outcomes and to compare scores on different scales.  

The MDC95%CI indicates the minimal detectable change in scores required 
to be able to report a true change in the respondent’s performance. For 
PEDI-UG, the MDC95%CI values suggested that a change by at least 6 score 
points on the 0–100 scaled score is needed for the domains of the Functional 
skills part and about 10 score points for the Caregiver assistance part in 
order to say that there are true changes in children’s ability.  

PEDI-UG is expected to be useful as a culturally and psychometrically 
valid instrument to assess occupational performance in children with disa-
bility, especially for children with CP in Uganda and similar contexts in the 
sub-Saharan region. However, the results suggest that a direct comparison 
between typically developing children and children with severe levels of CP 
may not be as straightforward as a comparison with children with a mild 
level of CP and this should be taken in consideration. However, if PEDI-UG 
is to be used for following up an intervention for children with CP, the 
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scaled score and the developmental trajectories are more relevant than DIF 
comparisons. 
   PEDI-UG will be free available for use at the website of Makerere Univer-
sity.   

6.9 Future research on CHEQ and PEDI-UG 
Study I led to the development of CHEQ 2.0, which was culturally adapted 
and validated in an Arabic version in study II. It is still necessary to investi-
gate the psychometric properties of the original CHEQ 2.0 version and 
more psychometric properties of the Arabic CHEQ 2.0, for example unidi-
mensionality and rating scale structure. Comparing different language ver-
sions of CHEQ 2.0 would help to establish whether the CHEQ 2.0 out-
comes can be compared between different cultures, for instance, DIF be-
tween Arabic-speaking countries and western countries. In addition, each 
age version of CHEQ 2.0 (3–8 years and 6–18 years) needs to be validated 
and the 0–100 scale for the CHEQ 2.0 (3–8 years) remains to be established. 

Calculating MDC would be useful for CHEQ 2.0, as it is for PEDI-UG, 
but this is not sufficient to be able to describe the changes as clinically mean-
ingful, which may need a higher threshold value than the MDC detects. 
Responsiveness to change is recommended in future studies of CHEQ 2.0 
and PEDI to determine meaningful clinical changes 86, 144. 

Further studies to investigate DIF in PEDI-UG for different diagnosis 
groups are recommended, taking into consideration age and disability lev-
els.  

It is important to note that the original PEDI paper-and-pencil format 
was replaced with an updated computer-adaptive test format called PEDI-
CAT 129. This version measures activities, mobility, social/cognitive skills 
and responsibility, and covers ages from birth to 20 years of age. However, 
using PEDI-CAT in Uganda is problematic for two reasons. Firstly, each use 
of PEDI-CAT to obtain a diagnosis has to be paid for, while the PEDI-UG 
paper-and-pencil format is free to use. Secondly, PEDI-CAT runs on com-
puters, which are not available in the majority of rehabilitation clinics, and 
about 97% of children in Uganda do not have access to a computer 145. 
More information about PEDI-CAT can be found elsewhere 129, 146. There-
fore, it is recommended to continue with the paper-and-pencil format, and 
future studies with PEDI-CAT is recommended with the availability of re-
quired infrastructure. 
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7. Conclusion
This thesis presents evidence of a good level of validity for the Arabic ver-
sion of CHEQ 2.0 and for PEDI-UG and confirms that these measurement 
tools can be used in their intended cultural contexts for children with disa-
bility. The Arabic CHEQ 2.0 can be used for children with unilateral hand 
disability in Jordan, and PEDI-UG can be used for children with CP in 
Uganda. In addition, the conversion tables and MDC values can be used 
clinically with PEDI-UG to easily estimate occupational performance and to 
monitor true change. Further studies with larger sample sizes are recom-
mended to continue to accumulate validity evidence. 
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Sammanfattning på svenska 
Globalt lever 93-150 miljoner barn med någon form av funktionshinder, de 
flesta av dessa barn bor i utvecklingsländer. Aktivitetsutförande beskriver 
förmågan att utföra uppgifter som är meningsfulla för personen i den aktu-
ella omgivningen. Children’s Hand-use Experience Questionnaire (CHEQ) 
och Pediatric Evaluation of Disability Inventory (PEDI) är bedömningsverk-
tyg som används för att mäta olika aspekter av aktivitetsutförande hos barn. 
Dessa instrument utvecklades i västländer och för att kunna användas i en 
annan kulturell kontext behöver innehållet anpassas kulturellt och instru-
menten visa sig vara valida för användning i den nya kontexten. Det har 
länge saknats möjligheter att bedöma aktivitetsutförande för att planera in-
terventioner och följa habiliteringsprocessen och dess utfall i utvecklings-
länderna. 

Det övergripande syftet med denna avhandling var att undersöka validi-
tetevidensen för CHEQ och den ugandiska versionen av PEDI (PEDI-UG). 
I studie I utvärderades den psykometriska validiteten hos den reviderad 
CHEQ 1.0 för barn i åldrarna 6-18 år med unilateral cerebral pares (CP) 
från sex olika länder (inga utvecklingsländer ingick i denna studie). Resul-
taten gav stöd för validiteten hos den reviderad CHEQ men ytterligare va-
lidering för barn med andra ensidiga funktionshinder samt yngre barn och 
i andra kulturer behövs. I studie II validerades den arabiska versionen av 
CHEQ 2.0 genom att undersöka interkulturell validitet och intern konsi-
stens. Studie III undersökte de psykometriska egenskaper hos PEDI-UG med 
typiskt utvecklade barn i Uganda. Studien fann att PEDI-UG har goda till 
mycket goda psykometriska egenskaper och det föreslogs att fortsätta med 
studier som involverar barn med funktionshinder. Studie IV inkluderade 
därför bara barn med CP och resultaten bekräftade validiteten hos PEDI-
UG. När man jämförde barn med CP och barn med typisk utveckling hade 
de olika utvecklingsbanor, varför separata konverteringstabeller skapades 
för att omvandla den totala poängsumman till poäng på en skala 0-100. 
Manualen kommer att kunna tillhandhållas gratis på Mekerere universite-
tets hemsida.  

Denna avhandling visar vikten av kulturell anpassning och psykometrisk 
validering av instrument innan de används i nya kulturella sammanhang. 
Den arabiska versionen av CHEQ 2.0 och den Ugandiska versionen av PEDI 
är instrument som kan bidra till att avhjälpa bristen på instrument i dessa 
länder för att planera och följa barns utveckling under habiliteringen. 
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