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Abstract 

 

Background: The Obstacles and Curb Tests are timed walking tests used to measure physical 

functioning, gait speed, and functional balance for adults. They have recently been modified 

for pediatrics; however, their normative values, validity, and reliability have not yet been 

studied. 

Objectives: The study aimed to determine the normative values and prediction equations of 

Obstacles and Curb Tests for typical developing (TD) children and to assess their validity and 

reliability for children with Cerebral Palsy (CP). 

Methods: This cross-sectional study consisted of two phases. In phase one, the normative 

values of the two tests were investigated by administering the tests on 240 TD children from 

age 6 to 12 years. The factors affecting walking speed in each test were studied and their 

predicted equations were established. In phase two, 44 walking children with CP participated 

in the Obstacles and Curb Tests with ages from 6 to 12 years old. After excluding children 

who were not able to complete the tests, 41 children completed the Obstacles Test, and 29 

children of the 41completed the Curb Test. To examine convergent construct validity, children 

with CP completed the Obstacles and Curb Tests in addition to 10-Meter Walk Test (10MWT), 

Modified Time Up and Go (MTUG), and Pediatric Balance Scale (PBS). For assessing 

discriminative validity, children with CP were compared to a similar matching age and sex 

group of TD children. To assess the test-retest reliability, children performed the Obstacles 

and Curb Tests twice on the same day.  

  



 

Results: The mean speed and standard deviation for TD children in the Obstacles Test was 

5.4 ± 1 seconds whereas for the Curb Test it was 2.9 ± 0.6 seconds. Age, height, and weight 

were factors affecting the score of both tests. The highest predictor of score in both tests was 

height. For children with CP, the Obstacles Test had a very strong correlation with the MTUG 

and PBS, and a strong correlation with the 10MWT. The Curb Test had a strong correlation 

with the 10MWT, MTUG, and PBS. TD children appeared to be faster than children with CP. 

Test-retest reliability appeared to be excellent for the Obstacles and Curb Tests with ICC = 

0.98 and ICC = 0.99 respectively.  

Conclusion: Obstacles and Curb Tests are used to challenge children with greater walking 

abilities. Normative values and the prediction equations for the Obstacles and Curb Tests in 

TD children have been reported for the first time in this study. The tests are valid and reliable 

to be used for children with CP. Using the Obstacles and Curb Tests as measurement tools 

prior to and after a clinical treatment can show the improvement in physical functioning, gait 

speed, and functional balance. 

Keywords: Normative values, typically developing children, Obstacles and Curb 

Tests, Timed walking tests, Cerebral palsy.
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Chapter I. Introduction 

 

Walking is a multifaceted construct that involves several key components such as 

stepping ability, gait speed, dynamic balance, postural equilibrium, functional mobility, 

cardiovascular and muscular endurance, and the ability to adjust walking to meet behavioral 

goals and environmental demands (Ammann-Reiffer et al., 2014; Balasubramanian et al., 

2014). Walking requires the engagement of the musculoskeletal, cardiopulmonary, and 

nervous systems (Balasubramanian et al., 2014). It is a complex task when being evaluated 

since it requires tools that measure different aspects of walking and reflect the walking ability 

in the community. 

For the ability to objectively evaluate walking, clinicians require tools to distinguish 

between the walking abilities of children. This gives clinicians and researchers the 

opportunity to evaluate development, check for treatment response, and provide an overview 

of the functional ability of a child (Bisaro et al., 2015). Tools that measure walking exist, but 

few show response in high functional children or represent walking in the community 

(Ammann-Reiffer et al., 2014; Bisaro et al., 2015; Zanudin et al., 2017). One of the 

approaches of walking assessment is the timed walking tests. Timed walking tests are global 

indicators of physical functioning, gait speed, and functional balance needed for walking 

(Ammann-Reiffer et al., 2014). The results of these tests provide a glimpse of the ability to 

ambulate in the community. Timed walking tests require postural control and balance to 

functionally move through walking and negotiating obstacles and curbs (Ammann-Reiffer et 

al., 2014; Bisaro et al., 2015). Therefore, we require tools that evaluate the complexity of 

walking, challenge children with higher walking abilities, and reflect walking in the 

community. 
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The Obstacles and Curb Tests are timed walking tests that measure walking ability, 

physical functioning, gait speed and functional balance for people with high walking abilities. 

They emerged from the Spinal Cord Injury Functional Ambulation Profile (SCI-FAP) that is 

used for adults with Spinal Cord Injury (SCI) to evaluate performance on common functional 

walking tasks (Musselman et al., 2011). The tests measure a unique aspect of walking, offer 

a more appropriate challenge, and an ecologically valid assessment than level-ground 

walking measures. They give insight on functional ability since negotiating obstacles and 

ascending and descending a curb require walking ability, gait speed, postural control, and 

stability (Ammann-Reiffer et al., 2014). Being able to negotiate obstacles and curbs are two 

essential aspects of community ambulation and functional independence. Hence, a person’s 

daily life involves more complex types of walking than walking on a ground-level surface, 

the need for a test that assesses walking in a similar to the real-life situation was needed.  

The Obstacles and Curb Tests were modified by Kane et al. (2016) for children and 

they were confirmed to be feasible for children with Cerebral Palsy (CP). The Obstacles Test 

requires walking over obstacles and navigating around others. The Curb Test requires 

stepping onto and off a platform that mimics a curb that is found in the community (Kane et 

al., 2016). Researchers and clinicians can benefit from these tests when dealing with typical 

developing (TD) children and children with disabilities such as CP. 

CP is the most common physical disability among children (Aravamuthan et al., 2021). 

It is defined as an umbrella term for a non-progressive motor disorder that affects movement 

and posture, causing activity limitations since infancy (Papavasiliou et al., 2021). With the 

presence of CP, children are usually challenged with participating in walking functions. 

Stimulating an active lifestyle and having the ability to walk is extremely important for 

children with CP, therefore; many children with CP and their parents prioritize walking above 
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all other activities (Graser et al., 2016) since it is a mean of independence and participation 

in physical, recreational, and social activities (Begnoche et al., 2016). The International 

Classification of Functioning, Disability and Health (ICF) considers walking an item on the 

activity and participation domain (WHO, 2013). 

The limitation in mobility for children with CP depends on the type of CP and the 

severity of the condition. The Gross Motor Functional Classification System (GMFCS) is a 

tool used for children with CP to represent their abilities and limitations in gross motor 

function (Palisano et al., 2003). According to this tool, children who are classified to fit in 

the first three levels can walk with or without limitations or the use of an assistive device 

(Palisano et al., 2003). Ambulatory children with CP are considered when they are classified 

within the first three levels of GMFCS (Palisano et al., 2003). The Obstacles and Curb Tests 

are two tests that are suitable for children with all walking abilities when classified according 

to GMFCS levels (Kane et al., 2016). 

Timed walking tests play a high role in exploring walking abilities in children with 

CP. These tests include the 10 Meter Walk Test (10MWT) and Modified Timed Up and Go 

Test (MTUG). The 10MWT is a valid and reliable tool for children with CP (Chrysagis et al., 

2014; Graser et al., 2016; Thompson et al., 2008). The MTUG is a valid and reliable tool for 

children (Carey et al., 2016; Dhote et al., 2012; Gan et al., 2008; Nicolini-Panisson & 

Donadio, 2014; Williams et al., 2005; Y et al., 2017; Zaino et al., 2004). Both the 10MWT 

and MTUG tests are tested on level grounds. 

Balance is a fundamental component of walking, therefore, knowledge about the 

correlation between balance and the Obstacles and Curb Tests could provide a useful guide 

in the clinical use of the Obstacles and Curb Tests. The Pediatric Balance Scale (PBS) is the 

most widely used tool to assess balance for children with CP (Chen et al., 2013; Duarte et al., 
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2014). It has been proven to be a valid and reliable tool (Chen et al., 2013; Duarte et al., 2014; 

Franjoine et al., 2003; Her et al., 2012; Ko & Kim, 2010; Yi et al., 2012). PBS can distinguish 

between different GMFCS levels in children with CP (Yi et al., 2012). 

The Obstacles and Curb Tests required establishing their normative values for TD 

children and studying their psychometric properties for children with CP. Studying these two 

eras in separate phases was to highlight their importance in detail and to clarify each part 

independently. This allows readers to comprehend and make use of each part separately when 

used with TD children or children with CP. Since the Obstacles and Curb Tests are new tools 

in pediatrics, their normative values have not been collected before. Having normative values 

allowed appropriate quantifications for obstacles and curb walking scores. The establishment 

of normative values acted as a mean to reference walking scores to these timed walking test 

scores in future studies either for TD children or children with CP or study the associated 

factors of walking in Obstacles and Curb Tests. Joining the application of the Obstacles and 

Curb Tests on both TD children and children with CP in one study was intended to find the 

discrimination between the scores of TD children and children with CP. Knowledge of the 

psychometric properties for the Obstacles and Curb Tests for children with CP makes using 

the tests suitable in clinical environments. Applying the Obstacles and Curb Tests on children 

with CP showed the challenges and limitations of the two tests. These findings indicate the 

need for further studies of the tests.  The Obstacles and Curb Tests are simple to apply, cost-

effective, require limited equipment, safe and time-efficient tools to evaluate walking ability. 

These characteristics make these tests useful in clinics and the community.  

1.1 Research Questions 

1. What are the normative values and prediction equations of Obstacles and Curb Tests? 

2. Are the Obstacles and Curb Tests valid to be used for children with CP? 
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3. Are the Obstacles and Curb Tests reliable to be used for children with CP? 

1.2 Significance of the Study 

A child’s daily activity involves more than walking on ground level, it involves more 

complex walking demands such as walking over obstacles, ascending, and descending curbs 

and stairs and walking on bumpy or soft grounds. The Obstacles and Curb Tests aid in the 

testing of challenging walking abilities in similar settings. The presence of normative values 

of the tests is ideally of importance to act as the base of comparison for children. Establishing 

normative values can also aid in distinguishing normal scores of TD children from children 

with slower scores caused by any physical injury. This will set a reference for future studies 

involving the Obstacles and Curb Tests. Since the Obstacles and Curb Tests are new tools in 

pediatrics, normative values and psychometric properties have not yet been studied. 

Moreover, with having a valid and reliable tool that assesses walking in challenging 

environments a more vivid picture will appear around the walking ability of children with CP. 

A more challenging walking tool should be available to measure walking ability for children 

with CP. Therefore, when a child’s performance is enhanced after rehabilitation a clinical 

responsive tool will show improvement.  

1.3 Aims of the Study 

1. To determine the normative values and prediction equations of Obstacles and Curb 

Tests. 

2. To assess the Convergent Construct and Discriminative Validity of Obstacles and 

Curb Tests for children with CP. 

3. To assess the Test-retest Reliability of Obstacles and Curb Tests for children with CP. 
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1.4 Hypothesis 

1. The Obstacles and Curb Tests will demonstrate very good Convergent Construct 

Validity as an outcome measure of functional mobility, gait speed and balance ability 

for children with CP. 

2. The Obstacles and Curb Tests will demonstrate very good to excellent Test-retest 

reliability. 

1.5 Variables 

Phase One 

§ Independent variables: Sex, age, height, weight, and BMI% 

§ Dependent variables: Time needed in each of the Obstacles and Curb Tests. 

Phase Two 

§ Independent variables: Sex, age, height, weight, BMI%, type of CP, GMFCS, use and 

type of orthosis or assistive device. 

§ Dependent variables: Time needed for each test. 

1.6 Operational Definition 

§ Typical Developing Children: are children who achieve developmental milestones 

that are age appropriate and appear physically and mentally healthy. 
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Chapter II. Literature Review 

 

This chapter included a review about walking ability and the assessment tools used 

for measuring walking ability such as timed walking tests. Additionally, it included a detailed 

review of the SCI-FAP and Obstacles and Curb Tests and the need for implementing the 

modified tests on children with CP. It explained the walking abilities of children with CP and 

the speed adjustment when assessing walking. By the end of this chapter, it incorporated 

important information about the relative tests to this study such as 10MWT, MTUG and PBS 

used in measuring the psychometric properties of the Obstacles and Curb Tests for children 

with CP. At last, it covered the importance of normative values for the Obstacles and Curb 

Tests. 

2.1 Walking Ability 

Walking is a complex task that requires the contribution of many body systems and 

functions (Balasubramanian et al., 2014). Walking ability on its own is not enough, therefore 

functional walking is considered when referring to walking ability. Functional walking 

includes not only the ability to walk but also the ability to use walking as a mood for 

ambulation in the community and this involves the ability to walk on different surfaces and 

ground levels as well as negotiate obstacles and ascend and descend curbs and stairs 

(Musselman et al., 2011). The measuring of walking ability is extremely important for 

quantifying the ability to walk in the community. 

2.2 Walking Assessment 

Many approaches to walking assessment exist, ranging from mobility classifications, 

laboratory-based measures, objective scales, and timed walking tests. Mobility classifications  

set an overview on the ability and degree of walking but do not detect minimal changes in 
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gait or walking ability (Palisano et al., 2008). Laboratory-based measures are objective and 

accurate and, in most cases, provide a clear and detailed assessment of the walking ability 

and gait pattern, yet they are timely to administer and require the presence of a gait lab and a 

skilled examiner. (Feng et al., 2016) Objective scales and timed walking tests  require 

knowledge on the proper use of the scale/test according to established guidelines, require 

affordable tools, provide an objective assessment of walking ability and they are more 

applicable for walking assessment in multiple settings (Brussel & Helders, 2009; Graser et 

al., 2016; Held et al., 2006; McDowell et al., 2005; Nicolini-Panisson & Donadio, 2013; 

Vardhan, 2015; Zaino et al., 2004). 

2.3 Timed Walking Tests  

With the importance of optimizing walking functions, researchers established tests to 

help objectively measure functional ability using timed walking tests. Timed walking tests 

allow researchers to measure the change in walking, assess response to treatment, and show 

change when a change in walking ability has occurred (Bisaro et al., 2015). Timed walking 

tests are used with multiple conditions and cover a wide age group. For children, the search 

for timed walking tests yielded seven outcome measures such as: 10-meter Walk Test 

(10MWT) (Graser et al., 2016), Timed Up and Go Test (MTUG) (Nicolini-Panisson & 

Donadio, 2013), 6-minute Walk Test (6MWT) (Vardhan, 2015), 1-minute Walk Test (1MWT) 

(McDowell et al., 2005), 30-Second Walk Test (Brussel & Helders, 2009), Standardized 

Walking Obstacle Course (Held et al., 2006) and Timed Up and Down Stairs Test. (Zaino et 

al., 2004) Most commonly used for children are the 10MWT and MTUG (Y et al., 2017) All 

the above-mentioned tests are implemented on the ground level floor except the Standardized 

Walking Obstacle Course and Timed Up and Down Stairs Test. The Standardized Walking 

Obstacle Course involves walking through a long curved standardized obstacle course while 
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stabilizing a tray in both hands. With this situation, the Standardized Walking Obstacle 

Course challenges balance and stability and it’s used for children who can walk independently 

with no assistive device (Held et al., 2006). The pathway is long, needs large space and 

requires multiple tools. The Timed Up and Down Stairs Test include ascending and 

descending 14-step flight of stairs and has no walking path.  

2.4 Obstacles and Curb Tests  

The Obstacles and Curb Tests are timed walking tests that merged from the SCI-FAP 

(Kane et al., 2016; Musselman et al., 2011). The SCI-FAP was adapted in 2011 to objectively 

measure functional walking through a variety of timed walking tasks for individuals with SCI. 

The SCI-FAP is a valid, reliable, and responsive measure of walking skills for adults with 

SCI (Musselman et al., 2011; Musselman & Yang, 2014). It was used in research to validate 

multiple assessment tools (Gordon et al., 2016; Shah et al., 2017) and to measure walking 

capacity during or after interventions (Dijsseldonk et al., 2018; Fang et al., 2020; Fox et al., 

2017; Lam et al., 2015; Malik et al., 2019). The SCI-FAP is composed of 7 tasks originally 

and has been modified to 4 tasks in the Modified SCI-FAP (Musselman et al., 2011; 

Musselman & Yang, 2014). The 7 tasks are: (1) walking on a carpet, (2) the up and go task, 

(3) walking above and around obstacles, (4) walking up and down stairs, (5) walking a 

specific distance while carrying a bag, (6) curb/step task, (7) and navigating through a door 

(Musselman et al., 2011). A specific calculation of these 7 tasks’ scores makes up the total 

score of the SCI-FAP. Two of the tasks in SCI-FAP were taken separately to establish the 

Obstacles and Curb Tests.  

The Obstacles and Curb Tests were modified by Kane et al. (2016)  for children. They 

were developed to evaluate functional walking in TD children, children with CP and Spina 

Bifida. The Obstacles Test requires walking over obstacles and navigating around others. The 
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Curb Test requires stepping onto and off a platform that mimics a curb that is found in the 

community. The tests require no calculations of a score, the time needed for walking in each 

test is recorded to specify walking ability (Kane et al., 2016). Such measures of walking tasks 

are useful for children’s assessment, especially those with greater walking function (Kane et 

al., 2016). Children with higher functional abilities need suitable challenging tasks to show 

discrimination in walking ability.  

In the preliminary study of the Obstacles and Curb Tests, the participants were either 

diagnosed with CP or Spina Bifida. The study had a low number of participants (n=16) 

included in the analysis, with the majority diagnosed with Spina Bifida. Six children with CP 

were included, five out of six were on GMFCS level I and one child was on GMFCS level 

III (Kane et al., 2016). Although the study showed promising results, the sample is not 

representative of children with CP. Researchers of the study validated the Obstacles and Curb 

Tests to the 10MWT and MTUG test and recommended the implementation of the Obstacles 

and Curb Tests on a larger sample that included a variety of GMFCS levels (Kane et al., 2016). 

Even though the Obstacles and Curb Tests are deemed to be challenging for children with CP, 

they are still feasible and impose a motor challenge that is reflected in measurements (Kane 

et al., 2016).   

2.5 Cerebral Palsy 

Among the variety of physical disorders that affect children’s mobility, CP is the most 

prevalent. It is a chronic disorder that has a prevalence of 1 to 2.5 per 1000 births 

(Aravamuthan et al., 2021). The definition of CP is an umbrella term for a non-progressive 

motor disorder that affects movement and posture, causing activity limitations since infancy 

(Papavasiliou et al., 2021). The majority of cases of CP are spastic; and other types include 

dyskinetic (dystonia, athetosis and chorea) and ataxic characteristics. CP could affect the four 
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limbs of the body causing quadriplegia, or the two lower limbs causing diplegia or half the 

body including either the right or left side of the body causing hemiplegia (Aravamuthan et 

al., 2021). With this representation, CP usually has an impact on walking ability. 

2.6 Walking for Children with Cerebral Palsy 

With the presence of CP, children are usually challenged with participating in walking 

functions. They experience increased muscle stiffness, reduced joint range of motion, altered 

coordination and postural control, loss of selective motor control and muscle weakness 

(Noorkoiv et al., 2019). This leads to an abnormal gait pattern that increases the energy cost 

of walking and therefore reduces participation in physical activity (Noorkoiv et al., 2019). 

Children with CP show less participation in daily activities since walking is energy 

consuming compared with TD children (Noorkoiv et al., 2019). Studies done in Laboratory 

settings show that children with CP approach and cross obstacles slower than TD children 

(Law & Webb, 2007). Several factors contribute to the variability of walking in children with 

CP including age, distance, (Chrysagis et al., 2014; Thompson et al., 2008) environment, 

level of GMFCS, distractibility or mood (Kane et al., 2016). Stimulating an active lifestyle 

and having the ability to walk are extremely important for children with CP. The attainment 

of walking is a vital goal for families and children with CP and subsequently, a major goal of 

physical therapy to reach optimal independence (Palisano et al., 2003; Rosenbaum et al., 

2007; Rosenbaum et al., 2003). Walking ability may change with the alteration of walking 

speed, the difference in walking path, changing the underlying walking surface, the presence 

of obstacles or change in the level of walking (Malone et al., 2015). 

2.7 Walking Speed 

Walking speed is an important factor when assessing walking ability in children with 

disabilities. It affects the gait patterns of children with CP (Gross et al., 2013; Tirosh et al., 
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2013; Van der Krogt et al., 2009). Researchers suggest that timed walking tests that include 

functional tasks and performed at fast walking speed are more appropriate for high 

ambulatory children with CP (Zaino et al., 2004). This produces a wider range of scores 

across the levels of GMFCS in children with CP (Zaino et al., 2004) and therefore helps to 

discriminate between children with different walking abilities. Researchers who modified the 

Obstacles and Curb Tests proved that walking at fast speeds in Obstacles and Curb Tests 

showed a more suitable challenge and a greater correlation with fast speed walking in 

10MWT and MTUG making it preferable in implementation of the tests (Kane et al., 2016). 

Following the test protocol, the walking tests of Obstacles and Curb Tests, 10MWT, MTUG 

were administered at fast speed.  

2.8 10-Meter Walk Test 

The 10MWT is a performance measure that indicates walking ability and gait speed 

(Ammann-Reiffer et al., 2014). It is a widely used tool for all age groups from 2 to 65+ years. 

It has been validated and its reliability has been studied for many conditions including CP 

(Chrysagis et al., 2014; Graser et al., 2016; Thompson et al., 2008). The 10MWT has a 

moderate to high correlation with the 1-minute Walk Test, MTUG Test, Timed Up and Down 

Stair Test, Sit-to-Stand Test and Lateral Step-up Test (Chrysagis et al., 2014). Researchers 

reported excellent inter-rater, intra-rater (Chrysagis et al., 2014; Graser et al., 2016) and test-

retest reliabilities at GMFCS II and III (Thompson et al., 2008). However, one study showed 

adequate test-retest reliability for GMFCS III and challenged its clinical usefulness for 

children with higher functional levels (GMFCS I and II) (Chrysagis et al., 2014).   

With response to its psychometric properties, the 10MWT will be used to validate the 

Obstacles and Curb Tests in this study. The 10MWT tests walking on a flat surface and this 

serves as a limitation since walking is not only a form of ambulating on level-ground but also 
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requires a change in terrain, navigating around or over objects that cross the walking path and 

other skills needed in daily walking. Moreover, children with high GMFCS levels will not be 

challenged when measured by the 10MWT which means they will most likely not show 

improvement in scores when an increase in walking ability has been reached. This is because 

of the insensitivity of the test to improvement of children or adults with high walking abilities 

due to a ‘ceiling effect’ (Graham et al., 2008). A tool that serves the purpose of challenge and 

shows response is needed to cover this gap in timed walking assessment tools. 

2.9 Modified Timed Up and Go 

MTUG is an assessment tool for functional mobility and dynamic balance (Habib et 

al., 1999). It is a widely used tool for all age groups from 4 to 65+ years. A modified version 

of the test was established to simplify orders for children. The modified version is similar to 

the TUG with the difference in the endpoint. In the modified version the child is asked to 

touch a picture on the wall instead of walk around a cone placed on the ground. In research, 

the two tests are used interchangeably. The MTUG has good psychometric properties in 

children with CP (Carey et al., 2016; Gan et al., 2008; Nicolini-Panisson & Donadio, 2014; 

Williams et al., 2005; Zaino et al., 2004). It has a moderate negative correlation with PBS 

and Star Excursion Balance Test (Y et al., 2017) and a moderate to strong correlation with 

Gross Motor Function Measure-88 (GMFM-88), (Gan et al., 2008; Nicolini-Panisson & 

Donadio, 2014; Williams et al., 2005) 10MWT, (Gan et al., 2008) and Timed Up and Down 

Stairs Test (Zaino et al., 2004). The MTUG has excellent test-retest, inter-rater and intra-rater 

reliabilities (Carey et al., 2016; Dhote et al., 2012; Gan et al., 2008; Nicolini-Panisson & 

Donadio, 2014; Williams et al., 2005; Zaino et al., 2004). The MTUG tests walking on level-

ground and requires the ability to stand, walk, turn around and sit without more challenging 

tasks that are important in ambulating in the community. Despite this, the strength and 



 

 16 

relativeness of the MTUG test make it useful to validate the Obstacles and Curb Tests in this 

study. 

2.10 Pediatric Balance Scale 

PBS is the most widely used tool to assess balance for children with CP (Chen et al., 

2013; Duarte et al., 2014). It is a valid and reliable tool that has been correlated to many 

pediatric tools of many domains for children age 5 to 15 years (Chen et al., 2013; Duarte et 

al., 2014; Franjoine et al., 2003; Her et al., 2012; Ko & Kim, 2010; Yi et al., 2012). PBS 

showed excellent correlation with GMFM-88, (Yi et al., 2012) a moderate correlation with 

the Pediatric Evaluation of Disability Inventory (PEDI) mobility domain (Duarte et al., 2014; 

Yi et al., 2012) and a fair-to-excellent correlation with Gross Motor Function Measure-66 

(GMFM-66) and Pediatric Functional Independence Measure (WeeFIM) (Chen et al., 2013). 

It proves to have excellent intra-rater, inter-rater and test-retest reliabilities (Her et al., 2012; 

Ko & Kim, 2010). The PBS will be correlated with the Obstacles and Curb Tests. 

2.11 Normative Values 

The measurement and establishing of normative values are crucial in providing an 

accurate interpretation of a test in clinical practice and scientific fields (Cacau et al., 2016). 

Having reference values for Obstacles and Curb Tests lend great value to the tests. This could 

act as a base for further researchers who aim to study functional mobility, gait speed or 

dynamic balance in children. Since this study is new in the field no normative values of the 

Obstacles and Curb Tests have been collected for children. Normative values for adults have 

shown to be 11.4 + 1.3 seconds for the Obstacles Test and 3.7 + 0.5 seconds for the Curb/Step 

Test (Musselman et al., 2011). 

Normative values could differentiate between TD children and children with CP. 

Previous studies have studied the differences in spatiotemporal gait parameters of TD 
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children and children with CP (Kim & Son, 2014). They have found a widening gap when 

mobility problems increase (Bjornson et al., 2007; Kim & Son, 2014). With this in mind, an 

assumption of the widely variable score will discriminate TD children from children with CP. 

This highlights the importance of determining normative values to help quantify scores to a 

normal range, which helps in establishing further research about the Obstacles and Curb Tests 

for children and finding the associated factors of walking in Obstacles and Curb Tests. 

2.12 Summary 

The previous review concludes that measuring walking ability in children is crucial. 

This shows the need for a valid and reliable assessment tool that can measure functional 

walking across more complex walking challenges and can be used for children with walking 

aids. The Obstacles and Curb Tests are promising tools that aim to assess functional walking, 

body mobility, balance, stability, and gait speed. Furthermore, the normative values of the 

Obstacles and Curb Tests were not established which limits the interpretation of the test. 

Further studies are needed to establish the Obstacles and Curb Tests normative values and 

study their psychometric properties for children with CP. 
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Chapter III. Subjects and Method 

 

The method in this cross-sectional study was divided into two phases. The first 

included measuring normative values of the Obstacles and Curb Tests in TD children and the 

second included assessment of the psychometric properties of Obstacles and Curb Tests for 

children with CP. 

3.1 Participants and Sample Size Estimation 

Phase One 

Participants. A sample of 240 TD children of both genders participated in this study. 

Children were included if they: (1) Age 6 to 12 years, and (2) Were born full-term. Children 

were excluded if they: (1) Had trauma that affected walking or balance, (2) Were 

uncooperative, (3) Were unable to understand commands in Arabic (Kane et al., 2016). The 

children were divided into 6 age groups (6 to < 7), (7 to < 8), (8 to < 9), (9 to < 10), (10 to < 

11), (11 to < 12). Each group had a similar number of children from each gender. 

Sample Size Estimation. The “Rule of Thumb” was used to estimate the sample size 

of TD children; N>104+m, where N was the sample size and m was the number of 

independent variables including “sex, age, height, weight, and Body Mass Index Percentile 

(BMI%)”. Therefore 104+5=109 (Green, 1991). Furthermore, for regression analysis, the 

appropriate sample size for statistical analysis needed to be ≥ 200 children (Israel, 1992). To 

ensure having normally distributed data each group had at least 40 children with an equal 

number of girls and boys. With calculation, 6x40 the final sample was 240 children. 

Phase Two 

Participants. This phase was conducted with a sample of 44 children with CP who 

met the inclusion criteria: (1) Age 6 to 12 years, (2) Able to walk for 14 meters with or without 
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walking aids or orthosis, (3) Had a GMFCS level of I, II or III, (4) Had no other condition 

that affected walking. Children were excluded if they: (1) Were unable to understand 

commands in Arabic, (2) Were uncooperative or unable to complete the test (Kane et al., 

2016). 

Sample Size Estimation. The sample size in this phase was calculated using the 

sample size calculator for reliability studies (Arifin, 2018) with a desired significance level 

of 0.05, a power of 0.80 and a 20% dropout rate. After the calculation, the estimated sample 

size was 23 children. 

3.2 Ethical Considerations 

For both phases an ethical approval (IRB) (Appendix A) was obtained from the 

College of Medicine, King Saud University (Reference Number 20/0802/IRB). Also, 

permission from a Children Recreational Center was obtained to apply phase one of the study. 

For phase two, an ethical approval from Sultan Bin Abdulaziz Humanitarian City (Reference 

Number 34-2020-IRB) was gained. Consent forms (Appendix B) which provided information 

about the researchers, the objectives and aims of the study as well as the voluntary 

participation in the study were available for children’s parents/caregivers to sign. An 

appropriate assent was also taken from children according to their age. 

Procedure of the study 

3.3 Study Design 

A cross-sectional study assessed the normative values for Obstacles and Curb Tests 

and analyzed their psychometric properties for children with CP. 

3.4 Recruitment 

Phase One 



 

 21 

A convenient sampling method was used to recruit children in this phase. Next 

children were stratified according to age to provide a representative sample with an equal 

number of children in each age group. The recruitment of TD children took place from 

December 2020 to February 2021 in five Recreational Centers for Children in different areas 

around Riyadh city. As children and their families arrived at the recreational centers they 

were greeted and invited with a flyer to participate in the study and all their questions were 

answered. As soon as they accepted the invitation, they were asked to come to a private test 

room and sign the consent form and participate in the study.  

Phase Two 

A convenient sampling method was used to recruit children in this phase. The 

recruitment of children with CP took place from November 2020 to February 2021 from the 

pediatric housing departments and from the clinics of Sultan bin Abdulaziz Humanitarian 

City. After gaining access to the patient’s files, the file of each child being currently treated 

at Sultan bin Abdulaziz Humanitarian City was reviewed. An excel table was formed 

including all the children who might be suitable to participate in the study. Children who were 

admitted in the housing departments were visited in their rooms with their parents and they 

were greeted and invited with a flyer to participate in the study. Children who were being 

treated in the clinics were contacted through a phone call to their parents and invited to 

participate in the study verbally. After accepting the invitation, an appointment for screening 

was scheduled for both children who were in the housing departments and in the clinics. 

When the child was fit for the study, they were asked to sign the consent form and participate 

in the study.   
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3.5 Instrumentations and Measurements 

Phase One 

This phase included the following instrumentations and measurements: (1) the 

demographic and anthropometric datasheet, (2) the recording sheet, (3) the tape measure, (4) 

the weight scale, (5) the BMI, (6) the stopwatch, (7) the assessment of Obstacles Test, (8) and 

the assessment of the Curb Test. 

Phase Two 

This phase included the use of all the instrumentations and measurements mentioned 

in phase one in addition to: (1) the Gross Motor Function Classification Scale, (2) the 10-

Meter Walk Test, (3) the Modified Timed Up and Go Test, (4) and the Pediatric Balance Scale.  

3.5.1. Demographic and Anthropometric Data Sheet 

Phase One. For TD children data about sex, age, height, weight, and BMI% were 

collected. Appendix C) 

Phase Two. For children with CP data about sex, age, height, weight, BMI%, type of 

CP, GMFCS level, use and type of orthosis or assistive device needed while walking were 

collected. Appendix C) 

3.5.2. Recording Sheet 

A recording sheet for both TD children and children with CP (Appendix D) was used 

to record test results. 

3.5.3. Tape Measure 

The height of TD children and children with CP with no skeletal deformities was 

measured from standing against a tape measure secured to a wall (Louer et al., 2017). For 

those with major skeletal deformities, such as scoliosis, kyphosis or flexion deformities in 

the lower limbs, (Araujo & Silva, 2013) height was estimated using segmental measuring 
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through the Knee Height Equation, where: Height = (2.69 x knee height) + 24.2 (Stevenson, 

1995). Segmental measuring is accurate (95% CI (Confidence Interval) = 0.98-0.9) 

(Stevenson, 1995) in measuring height for children with CP (Lamounier et al., 2020). The 

tape measure was also used to measure the height of the lower limbs of all children to 

customize the obstacles heights in the Obstacles Test. 

3.5.4. Weight Scale 

The weight of children was measured by kilograms using a digital weight scale (Louer 

et al., 2017). 

3.5.5. Body Mass Index 

BMI is an anthropometric index for height/weight defined as body weight in 

kilograms divided by height in meters squared (Nuttall, 2015). 

BMI = weight (kg) / height (m2) 

In this study, for the measurement of BMI%, the children and teen version named 

BMI-for-age was used. BMI% values were measured and categorized using reference growth 

charts from the Centers for Disease Control and Prevention. BMI% is represented in 

percentages (Centers for Disease Control and Prevention, 2020). It is a valid tool to be used 

for children from ages 2 to 20 years (Kuczmarski et al., 2002). BMI% of children were 

computed by excel using a formula to calculate the BMI% after data extraction. 

3.5.6. Gross Motor Function Classification Scale (GMFCS) 

The GMFCS was used to indicate a motor function in children with CP. It is a five-

point ordinal scale that rates a child’s motor function from level I (least severe) to level V 

(most severe). Children who were classified as level I, II or III were fit in this study as 

follows: Level I included children who walk without limitations, level II included children 
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who walk with limitations, and level III included children who walk using a hand-held 

mobility device (Palisano et al., 2007, 2008). 

3.5.7. Stopwatch 

A digital stopwatch that measures the time in seconds was used to measure time. 

3.5.8. 10-Meter Walk Test (10MWT) 

The 10MWT is a timed walking test used to determine functional mobility, gait, and 

vestibular function for individuals from age 2 to 65+ years. It is valid to be used for children 

with CP (Chrysagis et al., 2014; Graser et al., 2016; Pirpiris et al., 2003; Thompson et al., 

2008). The test requires the use of a stopwatch, a 14-meter path marked at 2 meters and 12 

meters. Time was measured for the ten intermediate meters. The less time required to 

complete the test showed better performance (Figure 1). 

 

3.5.9. Modified Timed Up and Go Test (MTUG) 

The MTUG is a test used to assess functional mobility and dynamic balance in 

children age 4 to 12 years (Dhote et al., 2012). To administer this test a stable chair with a 

back and no arm-rests were used. The test required a chair that keeps 90° more or less 10° of 

the knee and hip flexion with feet flat on the ground. Near the child’s feet, a start line was set 

on the floor and a photo was hung on the wall three meters away from the start line for the 

child to touch and walk back to the chair and sit down (Nicolini-Panisson & Donadio, 2014; 

Figure 1.10-Meter Walk Test Illustration 



 

 25 

Williams et al., 2005). The less time required to complete the test showed better performance 

(Figure 2). 

 

Obstacles Test 

The Obstacles Test (Appendix E) is a walking test that involves stepping over two 

obstacles and walking around one basket (Kane et al., 2016; Musselman et al., 2011). The 

Obstacles Test pathway is approximately 8.5-meters in length and set as shown in Figure 3 

and Figure 4. The start and end lines were marked by green tape at 6-meters before the basket 

(indicating the start line) and 2-meters after the basket (indicating the end line). In addition 

to the start and end lines marked in green, the path was marked at 1-meter after the start line 

and 1-meter before the end line with blue tape. Time was measured for the area between the 

blue lines, allowing 1-meter for acceleration and deceleration (Kane et al., 2016). As 

illustrated in Figure 3, two obstacles were set at 2.5-meters and 4-meters from the start line. 

The two obstacles were set carefully so that they are of width and height of 10%–15% and 

20%–25% of the child’s leg length, respectively. The obstacles were stackable foam blocks 

that form 0.5-meters in length. The basket was around 56 centimeters in width and 69.5 

centimeters in length. The child should stand behind the start line and walk in a straight line 

Figure 2. Modified Timed Up and Go Test Illustration 
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then step over the obstacles, walk around one side of the basket then pass the end line (Kane 

et al., 2016). The less time required to complete the test showed better performance. 

 

Figure 3. Obstacles Test Illustration (Kane et al., 2016) 

 

 

 

Figure 4. Obstacles Test Pathway 
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3.5.10. Curb Test 

The Curb Test (Appendix F) is a walking test that involves stepping onto and off a 

wooden platform that is meant to mimic a curb (Kane et al., 2016; Musselman et al., 2011). 

The Curb Test pathway is approximately 5.5-meters in length and set with a wooden platform 

as structured in Figure 5 and Figure 6. The start and end lines were marked by green tape at 

2-meters before and after the wooden platform. The path was marked at 1-meter after the start 

line and 1-meter before the end line with blue tape. Time was measured for the area between 

the blue lines, allowing 1-meter for acceleration and deceleration. The wooden platform was 

approximately 21 centimeters in height, 122 centimeters in length and 81 centimeters in width. 

The child should stand behind the start line and walk in a straight line toward the wooden 

platform, step onto it, walk across, step down to the ground then cross the end line (Kane et 

al., 2016). The less time required to complete the test showed better performance. 
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Figure 5. Curb Test Illustration (Kane et al., 2016) 

 

 

 

Figure 6. Curb Test Pathway 
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3.5.11. Pediatric Balance Scale (PBS) 

The PBS is a valid tool used for assessing balance from age 5 to 15 years (Franjoine 

et al., 2003). It consists of 14 items that measure balance. Each item is scored from 0 to 4. 

The scores for all items are added to generate a total score. Higher total scores showed better 

balance and low total scores showed decreased balance and a risk of fall. The administration 

of the test required the instruments as following: (1) two chairs; one with an armrest that 

keeps 90° of the knee and hip flexion with feet flat on the ground and the other of standard 

adult size without armrest, (2) two footprint photos; one parallel and the other heel to toe, (3) 

a stopwatch, (4) a colored flashcard, (5) a chalkboard eraser, (6) a four-inch step, and (7) a 

tape measure/yardstick on the wall (Franjoine et al., 2003).  

3.6 Study Settings 

For both phases, the study was set in a wide quiet room that was at least 7 x 11 meters, 

had solid and ground-level floors, and was well ventilated and private. In addition to the 

previous settings, phase two required a long corridor that was at least 3 x 20 meters with the 

same settings. During the examination, the area included only the child participating now and 

the examiner.   

3.7 Data Collection Procedure 

Phase One 

3.7.1.1. Demographic and Anthropometric Data 

The demographic and anthropometric data for each child were collected before 

starting the tests. The child was asked to remove their shoes and socks before measuring the 

height and weight. The height was measured with a tape measure that was fixed on a hard, 

flat wall. The child was asked to stand straight and look straight ahead with the feet, knees, 

mid-thighs, or legs making contact and heels against the wall. The examiner made sure that 
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the child was not weight-shifting to one side or the other. A flat ruler was positioned on top 

of the child’s head drawing a line to the tape measure. The height of the child was marked 

using a pencil on the tape measure. The tape measure was then used to measure the height of 

the lower limbs while standing. To measure the weight the child was asked to stand straight 

and with light clothing on the weight scale (Louer et al., 2017).  

3.7.1.2. Obstacles Test 

The child stood behind the start line and was instructed as following: “When I say go, 

walk in fast speed without running, step over the blocks, go around the basket from either 

right or left side then walk till you reach the green line. Don’t touch the blocks or basket and 

if you do, or they fall do not stop, continue walking till you reach the green line”. The test 

was demonstrated once to the child and they were given one practice trial to try the path 

without recording the time, after that the child had one trial to complete the test. The child 

was instructed to walk at a fast speed (Musselman et al., 2011). A 10% time penalty was 

added to the recorded time if the child touches one or more obstacles with their body (Kane 

et al., 2016).   

3.7.1.3. Curb Test 

The child stood behind the start line and was instructed as following: “When I say go, 

walk in fast speed, step on the curb, walk across then step off and walk till you reach the 

green line”. The test was demonstrated once to the child and they were given one practice 

trial to try the path without recording the time, after that the child had one trial to complete 

the test. The child was instructed to walk at a fast speed (Musselman et al., 2011). The Curb 

Test guidelines offered the child a choice of using stepping or crawling as a mood for getting 

on and off the platform. 
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Phase Two 

3.7.2.1. Demographic and Anthropometric Data 

Similar to phase one, the demographic and anthropometric data were collected in the 

same way with the difference in height measurement for children with major skeletal 

deformities that altered the child’s height (Araujo & Silva, 2013). For those with deformities, 

height was estimated using segmental measuring through the Knee Height Equation 

(Stevenson, 1995). Knee height was measured with the knee and ankle flexed to 90 degrees 

from the heel to the anterior surface of the thigh over the femoral condyle using a tape 

measure (Figure 7) (Stevenson, 1995). 

 

Figure 7. Knee Height Measurement 

The data collected for the main five tests were performed in the following order: 

10MWT, MTUG, Obstacles Test, Curb Test then PBS (Kane et al., 2016). This order was 

guided by the practice of Kane et al. (2016) to ensure consistency of the data collected. In 

case of limiting the presence of any fatigue, each child had the time to rest in between tests 

while the next test instructions were provided. Children who habitually used an orthosis 

and/or a walking aid were asked to utilize them for all the tests (Bahrami et al., 2017; Dhote 
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et al., 2012; Duarte et al., 2014; Kane et al., 2016). To evaluate the test-retest reliability, the 

Obstacles and Curb Tests were repeated in the same order after the child took a 15-minute 

break (Kane et al., 2016). 

3.7.2.2. 10-Meter Walk Test (10MWT) 

A visible 14-meter walking path was marked at the beginning and end with green tape 

on the floor. In addition to the start and finish mark in green, the path was marked at 2 and 

12-meters with blue tape. The child was given instructions to start fast walking at the first 

green line by hearing the word “Go” and stop after the green end line when hearing the word 

“Stop”. As soon as the child’s foot passed the first blue mark the time started and as soon as 

the child’s foot passed the last blue mark the time stopped. Time was recorded for the 

intermediate 10-meters. The untimed 2 meters at the beginning and end were considered to 

remove acceleration or deceleration (Bahrami et al., 2017). The test was repeated three times 

and the mean for the trials was recorded (De Baptista et al., 2020). The administration of this 

test took approximately 2 to 3 minutes. 

3.7.2.3. Modified Timed Up and Go Test (MTUG) 

The examiner demonstrated the test to the child and clarified the instructions before 

beginning the test. Once the child was ready and seated on the chair with both feet on the 

ground, the examiner gave the child instructions to start by saying “GO”. The child stood and 

walked to the wall, touched the photo on the wall and came back to the chair and sat down. 

The time started as soon as the child’s bottom was off the chair and stopped as soon as the 

child’s bottom touched the chair again. The examiner gave guidance as needed within the test 

and encouraged the child to walk at a fast speed. The test was repeated for three trials and the 

score of the shortest trial was considered as the final result (Nicolini-Panisson & Donadio, 

2013). The administration of this test took approximately 2 to 3 minutes.  
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3.7.2.4. Obstacles Test 

The Obstacles Test was set following the guidelines of Kane et al. (2016). The 

procedure was similar to the one identified in phase one, with the alteration of the obstacles 

that measured 0.5-meters in length for children who walk with no assistive device to obstacles 

that measure 0.25-meters for children who use walkers. The 10% time penalty added included 

the touch of the child’s body or assistive device (Kane et al., 2016). The administration of 

this test took approximately 2 minutes. 

3.7.2.5. Curb Test 

The Curb Test was set following the guidelines of Kane et al. (2016). The procedure 

was similar to the one identified in phase one. The child had the option of ascending and 

descending the wooden platform in any manner including stepping or crawling (Kane et al., 

2016). The administration of this test took approximately 2 minutes. 

3.7.2.6. Pediatric Balance Scale (PBS) 

Each item on this test was administered following the protocol and scoring method as 

described by Franjoine et al. (2003). The child received a practice trial before each 

performance of an item. If multiple trials were given as prescribed in the protocol, the best 

result was recorded (Franjoine et al., 2003). The administration of this test took 

approximately 10 to 20 minutes. 
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Figure 8. Child with CP (GMFCS II) performing Obstacles Test 

Figure 9. Children with CP (GMFCS level I and II) performing Curb Test 
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Figure 10. Child with CP (GMFCS Level II) preforming 10MWT and MTUG 
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3.8 Data Management 

The data from the tests were extracted into Microsoft Excel and SPSS datasheets for 

further analysis of the findings.  

3.8.1. Confidentiality. 

To ensure confidentiality the data extracted was kept confidential with allowing 

access only to researchers who worked on this study. 

3.8.2. Archiving and Access. 

All data was stored in an excel or SPSS sheet on a secure computer accessed by 

researchers only. The entire data will be archived for two years following this study and 

deleted afterward. 

3.9 Psychometric Properties 

The convergent construct validity was used to evaluate the correlation between the 

Obstacles and Curb Tests with the 10MWT, MTUG and PBS for children with CP. The 

discriminative validity was done for each test with a randomly matching age and sex group 

of TD children. The within-session test-retest reliability was done in the same day after a 15-

minute break for both tests (Kane et al., 2016). 

3.10 Statistical Analysis 

SPSS, version 25.0, was used for data analysis. Normal distribution of data was 

examined before the analysis by Shapiro-Wilk Test for both phases to determine the proper 

statistical analysis. 

Phase One 

For normative data, descriptive statistics in the form of mean and standard deviation 

(SD) were done for height, weight, BMI%, Obstacles and Curb Test scores. An independent 

t-test was performed to measure the effect of sex on test scores. A two-way ANOVA was used 
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to assess the main effect of the interaction between age and sex on Obstacles and Curb Tests. 

Correlations were assessed by Pearson’s correlation coefficient between the Obstacles and 

Curb Tests score and the related variables (age, height, weight, and BMI%). The ETA test 

was used to study the association between Obstacles and Curb Test scores and sex. A Stepwise 

regression was used to predict the Obstacles and Curb Tests’ factors and their order of 

importance. The variance inflation factor was tested and the collinear between the 

multivariate was reported. Pearson’s Correlation was used to find the correlation between 

Obstacles and Curb Tests’ scores. Guidelines developed by Cohen (2013) will be used to 

interpret Pearson’s Correlation scores, where 0.1 – 0.29 means small significance, 0.3 – 0.49 

means medium significance, and 0.5 – 1 means large significance. 

Phase Two 

Descriptive statistics in the form of mean and SD were done for height, weight, and 

BMI%, while median and interquartile ranges (IQR) were done for Obstacles and Curb Test 

scores. Frequencies and percentages were used for sex, age groups, type of CP, GMFCS levels, 

use of orthosis and/or an assistive device. For convergent construct validity, the correlation 

was examined using the Spearman’s Rank Correlation. Spearman’s rho values were 

interpreted as follows: ⩽0.35 = low/weak, 0.36–0.67 = moderate/modest, 0.68– 0.89 = 

strong/high, and ⩾0.9 = very strong (Taylor, 1990). For discriminative validity, the Mann-

Whitney Test used to compare the performance of children in both tests per group. The test-

retest reliability was calculated using the Intra-class Correlation Coefficient (ICC) and 

Spearman’s Rank Correlation to discern the strength of the association between the test scores. 

Guidelines developed by Cicchetti (1994) were used to interpret ICC scores, where 0.40 and 

less mean poor correlation, 0.40 – 0.59 mean fair correlation, 0.60 – 0.574 mean good 

correlation and 0.75 – 1.00 mean excellent correlation. Alpha was set to P < 0.05. 
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Chapter IV. Results 

 

The results in this study were displayed into two sections depending on the phase. 

The first phase included results of normative values of the Obstacles and Curb Tests in TD 

children and the second phase included results of psychometric properties of Obstacles and 

Curb Tests for children with CP.  

Phase One 

A Shapiro-Wilk Test showed that all the data were normally distributed and 

hemogenic for phase one (P˂ 0.05). 

4.1.1. Participants’ Characteristics 

Three-hundred and forty consent forms were distributed to invite children to 

participate in the study and 282 TD children were recruited with a response rate of 82.9%. 

Forty-two children were excluded for various reasons while 240 (120 girls and 120 boys) 

were eligible and completed the study. Six age groups were included, in each age group, there 

were 40 children with an equal number of 20 girls and 20 boys (Figure 11). The 

anthropometric characteristics of the children are demonstrated in Table 1. The total means 

and SD were: 130.5 ± 14.1 cm for height, 31.4 ± 10.8 kg for weight, and 60.9 ± 34.2 percent 

for BMI%. Boys in the entire group of participants and in the age group of 10 to < 11 weigh 

more and have a higher BMI% than girls (P<0.05). Moreover, boys in the age group of 9 to 

< 10 were significantly taller and weighed more than girls in the same age group (P<0.05). 

According to BMI% children were classified as 10.4% underweight, 51.6% healthy weight, 

20.8% overweight, and 17% obese. 
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Invited to the study (n=340) 

Respondents (n=282) Excluded (n=42) 
Reasons for exclusion: 

1. Refuse to participate (n=28) 
2. Musculoskeletal problems 

(n=4) 
3. Intellectual Problems/Don’t 

understand instructions (n=2) 
4. Not fit for inclusion criteria, 

younger /older age (n=5) 
5. Not cooperative (n=3) 

Fit the inclusion criteria  
(n = 240) 

Girls 
(n = 120) 

Boys 
(n = 120) 

6 to < 7 years (n = 20) 
7 to < 8 years (n= 20) 
8 to < 9 years (n = 20) 
9 to < 10 years (n= 20) 

10 to < 11 years (n = 20) 
11 to < 12 years (n= 20) 

6 to < 7 years (n = 20) 
7 to < 8 years (n= 20) 
8 to < 9 years (n = 20) 
9 to < 10 years (n= 20) 

10 to < 11 years (n = 20) 
11 to < 12 years (n= 20) 

Figure 11. Flow Chart of Selection Process for TD Children 
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Table 1. Anthropometric Characteristics for Normative Data 

 Girls Boys 

Age 
(years) 

N 
 

Height 
(cm) 

Weight 
(kg) 

BMI% 
(%) 

BMI% categories 
N 
 

Height 
(cm) 

Weight 
(kg) 

BMI% 
(%) 

BMI% categories 

UW HW OW O UW HW OW O 

6 to < 7 20 112.7 ± 
6.1 

20.8 ± 
5.2 

56.1 ± 
38.4 

3 
(15%) 

11 
(55%) 

3 
(15%) 

3 
(15%) 20 111.2 ± 

7.6 
21.1 ± 

6.1 
51.6 ± 

37 
2 

(10%) 
12 

(60%) 
1 

(5%) 
5 

(25%) 

7 to < 8 20 122.4 ± 
6.5 

24.4 ± 
6 

50.7 ± 
33.7 

3 
(15%) 

13 
(%) 

2 
(10%) 

2 
(10%) 20 120 ± 

8.3 
23.3 ± 

5.5 
51.9 ± 
37.2 

4 
(20%) 

10 
(50%) 

4 
(20%) 

2 
(10%) 

8 to < 9 20 125.9 ± 
6.4 

27.7 ± 
7 

55.9 ± 
39.4 

2 
(10%) 

8 
(40%) 

7 
(35%) 

3 
(15%) 20 128.4 ± 

5.8 
30.1 ± 

5.9 
72.5 ± 
27.4 

0 
(0%) 

10 
(50%) 

6 
(30%) 

4 
(20%) 

9 to < 
10 20 130 ± 

5.7 
30.5 ± 

6.5 
59.5 ± 
34.6 

1 
(5%) 

11 
(55%) 

5 
(25%) 

3 
(15%) 20 135.4 ± 

5.6* 
36.3 ± 
7.1* 

78.7 ± 
28 

2 
(10%) 

5 
(25%) 

7 
(35%) 

6 
(30%) 

10 to < 
11 20 140.6 ± 

11.7 
35 ± 
9.7 

52 ± 
30.9 

3 
(15%) 

14 
(70%) 

2 
(10%) 

1 
(5%) 20 142.8 ± 

6.6 
41 ± 
8.5* 

72.1 ± 
27.5* 

0 
(0%) 

11 
(55%) 

2 
(10%) 

7 
(35%) 

11 to < 
12 20 145.6 ± 

8.4 
41.6 ± 
12.5 

57.9 ± 
38.1 

5 
(25%) 

8 
(40%) 

4 
(20%) 

3 
(15%) 20 149.9 ± 

6.4 
44.6 ± 

7.2 
72 ± 
26.7 

0 
(0%) 

11 
(55%) 

7 
(35%) 

2 
(10%) 

Total 120 129.6 ± 
13.4 

30 ± 
10.6 

55.4 ± 
35.4 

17 
(14.1%) 

65 
(54.1%) 

23 
(19.1%) 

15 
(12.5%) 120 131.3 ± 

14.7 
32.7 ± 

11* 
66.5 ± 
32.2* 

8 
(6.6%) 

59 
(49.1%) 

27 
(22.5%) 

26 
(21.6%) 

Variables presented as mean ± SD. BMI% categories presented as frequency and percentage. N: Number of participants, Cm: centimeter, 
Kg: kilogram, BMI%: body mass index percentile, UW: Underweight, HW: Healthy weight, OW: Overweight, O: Obese 
*Significant between girls and boys, P ˂ 0.05 
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4.1.2. Obstacles and Curb Tests 

The mean and SD of time for the Obstacles Test across all children was 5.4 ± 1 

seconds whereas for the Curb Test it was 2.9 ± 0.6 seconds. When grouped into two groups 

of girls and boys, girls had a mean of 5.5 ± 0.9 seconds in the Obstacles Test and a mean of 

3.0 ± 0.6 seconds in the Curb Test. On the other hand, boys had a mean of 5.3 ± 1.0 seconds 

in the Obstacles Test and a mean of 2.8 ± 0.6 seconds in the Curb Test. Across all age groups 

boys appeared to be faster than girls. 

 

4.1.3. The influence of Age and Sex on Obstacles and Curb Tests 

A two-way ANOVA showed a statistically high significant effect of age on both the 

Obstacles and Curb Tests, respectively (F(1,228)=4.78, P<0.001) (F(1,228)=4.95, P<0.001). Sex 

had a statistically significant effect on the Curb Test (F(1,228)= 4.87, P<0.05) and no 

statistically significant effect on Obstacles Test (F(1,228)= 3.33, P>0.05). The interaction of sex 

x age showed no significance with the Obstacles Test (F(1,228)= 1.23, P>0.05) and a 

significance with the Curb Test (F(1,228)= 2.59, P<0.05). Age had a higher association and 

contributed more to both the Obstacles and Curb Tests than sex. A Tukey Post Hoc test 

revealed that generally there were no statistically significant differences between most age 

groups. For the Obstacles test, a significant mean difference appeared between the age group 

of 6 to < 7 and 10 to < 11 with a mean average difference of 1.03, (P<0.001) and between the 

age group of 6 to < 7 and 11 to < 12 with a mean average difference of 0.65 (P<0.05) in favor 

to the older age group. Whereas for the Curb Test, the Tukey Post Hoc test revealed that there 

were significant mean differences between the age groups of 6 to < 7 and 10 to < 11 with a 

mean average difference of 0.56 (P<0.001) and between the age group of 6 to < 7 and 11 to 

< 12 with a mean average difference of 0.45 (P<0.05) and between the age group of 8 to < 9 
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and 10 to < 11 with a mean average difference of 0.55 (P<0.001) and between the age group 

of 8 to < 9 and 11 to < 12 with a mean average difference of 0.44 (P<0.05) in favor to the 

older age groups. These results display that as age increases the mean score of the Obstacles 

and Curb Tests decrease, which means that older children are faster than younger ones. The 

Partial η Squared showed a small effect size of sex (η2 = 0.02) and sex x age (η2 = 0.05) on 

Curb Test, and a medium effect size of age on Obstacles Test (η2 = 0.09) and Curb Test (η2 = 

0.09)  (Table 2 and Figure 12). Generally, the results of an independent-samples t-test 

revealed that there were no significant differences in the Obstacles Test scores in respect to 

sex through all age groups (P>0.05) and a significant difference in the Curb Test scores in 

respect to sex through all age groups (P<0.05) in favor to boys and specifically in the age 

group of 9 to <10 (P<0.001). In early childhood, girls appeared to be faster than boys but as 

they reached age 8 to < 9 and age 9 to < 10 boys became faster than girls till age 12 (Table 

3). All children in this phase completed the tests with no need of assistance and did not touch 

the obstacles and they all used stepping in ascending/descending the curb.
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Table 2. A two-way ANOVA for Age and Sex on Obstacles and Curb Tests 

Source 

Obstacles Test Curb Test 

Type III 
Sum of 
Squares 

df Mean 
Square F Sig. 

Partial 
η 

Squared 

Type III 
Sum of 
Squares 

df Mean 
Square F Sig. 

Partial 
η 

Squared 

Corrected 
Model 30.75a 11 2.79 3.04 0.00 0.12 18.07b 11 1.64 3.87 0.00 0.15 

Intercept 7119.44 1 7119.44 7741.74 0.00 0.97 2138.03 1 2138.03 5042.00 0.00 0.95 

Sex 3.06 1 3.06 3.33 0.06 0.01 2.06 1 2.06 4.87 0.02* 0.02 

Age 22 5 4.4 4.78 0.00** 0.09 10.5 5 2.1 4.95 0.00** 0.09 

Sex x Age 5.67 5 1.13 1.23 0.29 0.02 5.5 5 1.10 2.59 0.02* 0.05 

Error 209.67 228 0.92    96.68 228 0.42    

Total 7359.87 240     2252.78 240     

Corrected 
Total 240.42 239     114.75 239     

Df: Degrees of freedom, F: F-value, Sig: Significance level (P < 0.05). 
*Significant where P ˂ 0.05, **Significant where P ˂ 0.001 
a. R squared = 0.12 (Adjusted R squared = 0.08) 
b. R squared = 0.15 (Adjusted R squared = 0.11)
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Figure 12. Gender x Age Interaction Effect on Curb Test 
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Table 3. Mean, SD and t-test Significance of Sex on Obstacles and Curb Tests 

Age 
(years) 

Obstacles Test Curb Test 

Girls Boys t-test Girls Boys t-test 

N Mean ± 
SD N Mean ± SD t P-value N Mean ± SD N Mean ± 

SD t P-value 

6 to < 7 20 5.8 ± 0.7 20 6.1 ± 1.4 -0.90 0.37 20 3.1 ± 0.6 20 3.3 ± 0.8 -0.75 0.45 

7 to < 8 20 5.5 ± 1.0 20 5.5 ± 0.6 0.08 0.93 20 3.0 ± 0.5 20 2.9 ± 0.5 0.51 0.61 

8 to < 9 20 5.6 ± 1.0 20 5.2 ± 0.8 1.46 0.15 20 3.1 ± 0.5 20 3.3 ± 0.8 -0.79 0.43 

9 to < 10 20 5.7 ± 1.0 20 5.1 ± 1.0 1.85 0.07 20 3.1 ± 0.8 20 2.6 ± 0.3 3.05 0.00* 

10 to < 11 20 5.0 ± 0.9 20 4.8 ± 0.8 0.88 0.38 20 2.8 ± 0.6 20 2.5 ± 0.4 1.81 0.07 

11 to < 12 20 5.5 ± 0.9 20 5.1 ± 0.5 1.51 0.13 20 2.9 ± 0.7 20 2.5 ± 0.4 1.92 0.06 

Total 120 5.5 ± 0.9 120 5.3 ± 1.0 1.75 0.08 120 3.0 ± 0.6  120 2.8 ± 0.6 2.08 0.03* 

Mean and ± SD represented in seconds, N: Number of participants, P-value: significant level 
*Significant between girls and boys, P ˂ 0.05 
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4.1.4. Factors Affecting Obstacles and Curb Tests 

The Pearson’s correlation results for the Obstacles and Curb Tests and the related 

variables: sex, age, height, weight, and BMI% are presented in Table 4. The results showed 

that the Obstacles Test had a significant negative medium correlation with height (r=-0.32, 

P<0.001), a significant negative small correlation with weight (r=-0.18, P<0.05) and age (r=-

0.24, P<0.001), and an insignificant negative small correlation with BMI% (r=-0.04, P>0.05). 

Furthermore, the Pearson’s correlation results showed that the Curb Test had a significant 

negative small correlation with age (r=-0.25, P<0.001), height (r=-0.29, P<0.001) and weight 

(r=-0.17, P<0.05), and an insignificant correlation with BMI% (r=0.01, P>0.05). The η test 

showed a weak association between Obstacles and Curb Tests with sex, in favor to boys (η = 

0.11) (η = 0.13) respectively (Figure 13 to Figure 20). 

 

Table 4. Factors Affecting Obstacles and Curb Tests 

 Related Variables 

Sex Age Height Weight BMI% 

Obstacles Test 

Pearson 
Correlation  -0.24** -0.32** -0.18* -0.04 

η Value 0.11     

Curb Test 

Pearson 
Correlation  -0.25** -0.29** -0.17* 0.01 

η Value 0.13     

*Significant where P ˂ 0.05, **Significant where P ˂ 0.001 
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Figure 13. Correlation between Obstacles Test and Sex 

Figure 14. Correlation between Obstacles Test and Age 
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Figure 15. Correlation between Obstacles Test and Height 

Figure 16. Correlation between Obstacles Test and Weight 
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Figure 17. Correlation between Curb Test and Sex 

Figure 18. Correlation between Curb Test and Age 
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Figure 19. Correlation between Curb Test and Height 

 

 

Figure 20. Correlation between Curb Test and Weight 

 



 

 52 

4.1.5. Predictors of Obstacles and Curb Tests 

Sex, age, height, and weight have shown to be the most associated factors with 

Obstacles and Curb Tests. After running a standard stepwise regression with including these 

factors it appeared that the significant predictors for the Obstacles Test were height and 

weight and they explained 12.7% of the total variance, and the significant predictors for the 

Curb Test were height, weight and sex and they explained 12.4% of the total variance (Table 

5). The order of importance of each variable in determining the Obstacles Test appeared to 

be height, weight, age then sex, and for the Curb Test they were height, weight, sex then age. 

When testing the variance inflation factor it was found that there was no multicollinearity 

between the variables predicting the Obstacles and Curb Tests when the multicollinearity cut 

point was from 1 to 10. 

The predicted Equation for Obstacles Test when using both height and weight as predictors 

was: 

Obstacles Test (seconds) = 9.70 – 0.03 × (height in cm) + 0.02 × (weight in kg) 

The predicted Equation for Curb Test when using height, weight, and sex as predictors was: 

Curb Test (seconds) = 5.98 – 0.02 × (height in cm) + 0.01 × (weight in kg) + 0.19 × 

(sex, where boys = 0 and girls = 1) 
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Table 5. Stepwise Regression Analysis for Predicting Obstacles and Curb Tests 

Model R R2 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

Sig. 

B 
Std. 

Error 
Beta 

O
bs

ta
cl

es
 T

es
t 

1 (Constant) 
     Height 

0.32 0.10 8.44 
-0.02 

0.57 
0.00 

 
-0.32 

0.00 
0.00 

2 (Constant) 
     Height 
     Weight 

0.35 0.12 9.70 
-0.03 
0.02 

0.76 
0.00 
0.01 

 
-0.54 
0.26 

0.00 
0.00 
0.01 

C
ur

b 
T

es
t 

1 (Constant) 
     Height 

0.29 0.08 4.89 
-0.01 

 

0.39 
0.00 

 
-0.29 

0.00 
0.00 

2 (Constant) 
     Height 
     Weight 

0.32 0.10 5.64 
-0.02 
0.01 

0.53 
0.00 
0.00 

 
-0.48 
0.23 

0.00 
0.00 
0.03 

3 (Constant) 
     Height 
     Weight 
     Sex 

0.35 0.12 5.98 
-0.02 
0.01 

-0.19 

0.54 
0.00 
0.00 
0.08 

 
-0.50 
0.26 

-0.13 

0.00 
0.00 
0.01 
0.02 

R and R2: A measure of strength between model and dependent variable 
Sig: Significance level (P < 0.05), B: Standardized coefficient 
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4.1.6. Relationship Between Obstacles and Curb Tests 

The Pearson’s correlation coefficient between Obstacles and Curb Tests was found to 

be a positive large correlation and statistically significant (r = 0.61, P < 001). Children who 

scored less in Obstacles Test relatively scored less in Curb Test and vice versa (Figure 21). 

 

 

Figure 21. Correlation between Obstacles and Curb Tests 
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Phase Two 

A Shapiro-Wilk Test showed that all the data were not normally distributed and 

heterogenic for phase two (P>0.05). 

4.2.1. Participants’ Characteristics 

In general, forty-four children participated in the study. Forty-one children were 

included in the analysis of the Obstacles Test and Twenty-nine were included in the analysis 

of the Curb Test. The remaining children were excluded because they were unable to 

complete the tests (Figure 22). 

  

Invited to the study (n=50) 

Respondents who fit the inclusion criteria 

and participated in the study (n=44) 

Excluded (n=3) 
Reasons for exclusion: 

Unable to complete the 
Obstacles Test  

Children included in the 
Obstacles Test   

(n = 41) 

Children included in the 
Curb Test   
(n = 29) 

Excluded (n=15) 
Reasons for exclusion: 

Unable to complete the 
Curb Test  

Figure 22. Flow Chart of Selection Process for Children with CP 
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Children in Obstacles Test comprised of 21 girls (51.2%) and 20 boys (48.8%) with a 

total mean and SD of: 122.6 ± 8.3 cm for height, 24.7 ± 6.2 kg for weight, 47.4 ± 33.1 percent 

for BMI%. They had a GMFCS level of: Level I 16 (39%), Level II 13 (31.7%) and Level III 

12 (29.3%). Children in Curb Test comprised of 17 girls (58.6%) and 12 boys (41.4%) with 

a total mean and SD of: 122.9 ± 8.8 cm for height, 24.5 ± 6.4 kg for weight, 44 ± 33.9 percent 

for BMI%. They had a GMFCS level of: Level I 16 (55.2%) and Level II 13 (44.8%). No 

children from GMFCS level III were able to complete the Curb Test. The demographical and 

clinical characteristics of the children are shown in Table 6. 

 

Table 6. Frequencies and Percentages of Demographic Data for Children with CP 

 
Obstacles Test Curb Test 

N = 41 N = 29 

Sex Girls 
Boys 

21 (51.2%) 
20 (48.8%) 

17 (58.6%) 
12 (41.4%) 

Type of CP Diplegic 
Hemiplegic 
Ataxic 
Quadriplegic 

19 (46.3%) 
9 (22.0%) 
7 (17.1%) 
6 (14.6%) 

14 (48.3%) 
9 (31.0%) 
5 (17.2%) 
1 (3.4%) 

GMFCS Level I 
Level II 
Level III 

16 (39.0%) 
13 (31.7%) 
12 (29.3%) 

16 (55.2%) 
13 (44.8%) 

 

Use Orthosis Yes 
No 

18 (43.9%) 
23 (56.1%) 

7 (24.1%) 
22 (75.9%) 

Use Assistive Device Yes 
No 

12 (29.3%) 
29 (70.7%) 

0 (0%) 
29 (100%) 

Numbers presented as frequency and percentage. N: number of children. 
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4.2.2. Obstacles and Curb Tests with Cerebral Palsy 

In total, the median (IQR) for the Obstacles Test was 13.2 (9.6) and for the Curb Test 

was 6.1 (9.0). The median for each GMFCS level was presented in Table 7. Median scores 

grew higher as the GMFCS level increased showing that children took more time in 

completing the tests. Children in GMFCS level I completed the Obstacles Test without 

touching the obstacles, which was opposite to the majority of children in GMFCS level II 

and III who touched the obstacles. Furthermore, all children in GMFCS level I and II could 

step onto and walk across the curb, although with GMFCS level I they found no challenge in 

the stepping process while some children with GMFCS level II found a challenge when 

stepping onto/off the curb. Children with GMFCS level III were all excluded from the Curb 

Test because they were unable to step onto/off the curb.  

 

Table 7. Median and IQR for Obstacles and Curb Tests according to GMFCS Levels 

 Obstacles Test Curb Test 

Median IQR Q1 Q3 Median IQR Q1 Q3 

GMFCS I 8.0 4.0 5.4 9.4 4.6 1.8 4.0 5.7 

GMFCS II 13.8 3.7 12.3 16.0 13.8 2.3 12.0 14.3 

GMFCS III 19.6 1.9 18.9 20.8     

Total 13.2 9.6 9.0 18.6 6.1 9.0 4.5 13.5 
Numbers in table presented in seconds. IQR: Interquartile range, Q1: Lower bound of 

the interquartile range, Q3: Upper bound of the interquartile range. 
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4.2.3. Convergent Construct Validity 

Analysis of convergent construct validity revealed a statistically positive strong 

correlation between the Obstacles Tests and the 10MWT and between the Curb Test and 

10MWT and MTUG. A statistically positive very strong correlation appeared between the 

Obstacles Tests and the MTUG. The convergent construct validity showed a statistically 

significant negative correlation that was very strong with the Obstacles Test and strong with 

the Curb Test (Table 8).  

Table 8. Convergent Construct Validity 

 
10MWT MTUG PBS 

Obstacles Test Spearman’s rho 0.88** 0.93** -0.90** 

Curb Test Spearman’s rho 0.76** 0.83** -0.81** 

*Significant where P ˂ 0.05, **Significant where P ˂ 0.001 
 
 
 

4.2.4. Discriminative Validity 

Discriminative validity was done for both tests with an equal number of TD children 

and children with CP who participated in each test. TD children were chosen randomly and 

had similar characteristics of age and sex with each child with CP. The Obstacles Test had 

41 TD children (21 girls, 20 boys, mean age = 8.8 ± 1.8 years, height = 128.6 ± 12.8 cm, 

weight = 30.6 ± 10.9 kg, and BMI% = 62.4 ± 33.2 percent) and the Curb Test had 29 TD 

children (17 girls, 12 boys, mean age = 8.8 ± 1.8 years, height = 127.8 ± 12.8 cm, weight = 

29.3 ± 9.1 kg, and BMI% = 59.8 ± 35.8 percent). The Median scores for TD children appeared 

to be lower in both tests in comparison with children with CP. In the Obstacles Test TD 

children had a median (IQR) of 5.4 (0.9) while children with CP scored 13.2 (9.6). Whereas, 
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in the Curb Test TD children had a median of 3 (0.7) which was less than children with CP 

who scored 6.1 (9.0). This showed that TD children required less time in completing both 

tests. A significant difference was found between the groups in Obstacles Test (Mann–

Whitney U = 141.50, TD children rank = 24.45, children with CP rank = 58.55, z score = - 

6.485, P < 0.001) and Curb Test (Mann–Whitney U = 49, TD children rank = 16.69, children 

with CP rank = 42.31, z score = - 5.781, P < 0.001) in favor to TD children (Figure 23 and 

Figure 24). With observation, some children with CP obtained penalties for touching the 

obstacles in Obstacles Test while all TD children completed the test without touching the 

obstacles. 

 

Figure 23. Difference between TD children and children with CP in Obstacles Test 

 

 o: outlier (less or more than the minimum or maximum range)  
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4.2.5. Test-Retest Reliability 

Test-Retest reliability was high for Obstacles and Curb Tests. They both had a 

statistically significant and very strong correlation. The Interclass Correlation showed an 

excellent correlation (ICC=0.98 (95% CI=0.97-0.99)) and (ICC=0.99 (95% CI=0.97-0.99)) 

respectively (Table 9). 

Table 9. Test-Retest Reliability 

 

Spearman’s rho 

Intraclass Correlation 

Intraclass 
Correlation 

95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

Obstacles Test 0.98** 0.98 0.97 0.99 

Curb Test 0.96** 0.99 0.97 0.99 

*Significant where P ˂ 0.05, **Significant where P ˂ 0.001 

 o: outlier (less or more than the minimum or maximum range)  
Figure 24. Difference between TD children and children with CP in Curb Test 
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 Chapter V. Discussion  

Measuring the walking ability of children is important. It provides useful knowledge 

in planning healthcare, measuring functional ability, and observing change before and after 

treatments. The Obstacles and Curb Tests are timed walking tests that have been modified for 

children, but their normative data, validity and reliability have not been collected or studied. 

This study was the first of its nature, and its purposes were to determine the normative values 

of Obstacles and Curb Tests on TD children and to assess their validity and reliability for 

children with CP.  

The Obstacles and Curb Tests were performed at fast speed and had one scored trial 

after a practice trial as suggested by the test protocol done by Kane et al. (2016). This protocol 

of walking at fast speed agrees with studies on walking tests in laboratory settings, where 

they have found that when TD children walked at fast speeds a variation in walking appeared 

according to a child’s age which makes it more suitable when testing the walking ability for 

TD children (Voss et al., 2020). Moreover, in timed walking tests researchers have established 

that walking speed affects the gait of children with CP which gives a more score range 

according to the levels of GMFCS and therefore helps show discrimination between children 

with CP (Zaino et al., 2004). Implementing walking at fast speeds in this study for both TD 

children and children with CP agrees with the fact that established timed walking tests such 

as the 10MWT, MTUG, Timed Up and Down Stairs were all proved to be more appropriate 

when performed at fast speeds (Bahrami et al., 2017; De Baptista et al., 2020; Habib et al., 

1999; Nicolini-Panisson & Donadio, 2014; Thompson et al., 2008; Verbecque et al., 2019; 

Zaino et al., 2004). Additionally, fast walking in timed walking tests is supported by the fact 

that all studies of 10MWT recommend the use of fast speed (De Baptista et al., 2020; Graser 

et al., 2016).  
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According to our findings, the mean and SD for TD children in the Obstacles Test 

was 5.4 ± 1 seconds whereas for the Curb Test it was 2.9 ± 0.6 seconds. TD children can 

complete the Obstacles and Curb Tests with no difficulties. All TD children could perform 

the Obstacles Test without touching the obstacles. They also engaged in the Curb Test 

smoothly and could achieve both ascending and descending the curb without loss of balance 

or the need to use hands for stabilization. Our findings revealed that children who performed 

the Obstacles Test in less time were ultimately able to perform the Curb Test in a short period 

of time and vice versa. Therefore, we found that there was a positive large correlation between 

the two tests. 

The anthropometric characteristics of TD children who participated in this study were 

130.5 ± 14.1 cm for height and 31.4 ± 10.8 kg for weight. These findings are close to the 

measures reported by Al-Hazzaa et al. (2020) about the anthropometric characteristics of 

Saudi TD children from 6 to 13 years old (133.2 ± 11.4 cm for height, 32.8 ± 11.3 kg for 

weight). A slight increase in the mean of the height and weight appears between our study 

and the previous study and this could be explained by the age difference, where the previous 

study included children who are two years older than the age range in our study. Moreover, 

the findings of the BMI% of TD children in our study were nearly like the findings of the 

anthropometric characteristics of Saudi children where more than half of the participants had 

a healthy weight (Al-Hazzaa et al., 2020). Our findings showed that there were no significant 

differences between the height, weight, and BMI% of TD girls and boys in younger age 

groups from 6 to 8 years. However, boys increase in height, weigh more and have a higher 

BMI% than girls as they reach the age of 9 years, and this finding has been recorded in 

previous studies and referred to as the approach of puberty (Pereira et al., 2016). The study 

by Al-Hazzaa et al. (2020) differs from our findings where they found no significant 
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differences between the anthropometric characteristics of TD girls and boys across all ages, 

and this could be due to the difference in age range and sample size where they included 1149 

children. On the other hand, the study by Pereira et al. (2016) agreed with our findings and 

reported the effect of puberty in increasing the height, weight and BMI of boys at age 9 to 12 

years. 

Age showed an influence on the Obstacles and Curb Tests scores. Age had a 

statistically high significant effect on the scores of the two tests. Similarly, age appeared to 

be a factor affecting the scores of the 10MWT and MTUG (Itzkowitz et al., 2016; Nicolini-

Panisson & Donadio, 2014; Pereira et al., 2016). As age increased the child required less time 

to finish the test, this occurred because motor tasks are better performed with the increase of 

age (Itzkowitz et al., 2016; Nicolini-Panisson & Donadio, 2014; Pereira et al., 2016). Studies 

have reported that maturation of body size and strength, as well as the improvement in 

balance with age, also relate to the fact that older children need less time in walking tests 

(Fukuchi et al., 2019). Moreover, children become faster in walking as they grow in age and 

subsequently increase in height and have a longer stride length (Voss et al., 2020). 

Furthermore, a walking test performed in a lab revealed that younger children demonstrated 

an increase in stance and double support times and a decrease in swing time in comparison 

to older children (Voss et al., 2020). Since this observation was concluded from a lab walking 

test performed when walking fast in a straight path, a more variation in the gait pattern may 

occur with the presence of the obstacles and the curb due to the adjustment of speed needed 

to accelerate and decelerate when approaching the obstacles and the curb. This could explain 

the influence of age on the score of the Obstacles and Curb Tests.  

Sex showed no significance on the Obstacles Test, but the degree of significance was 

at borderline (P-value=0.08) in favor of boys. Sex had a statistically high significant effect 
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on the Curb Test scores in favor of boys. Boys were faster than girls in the age group of 9 to 

<10 when performing the Curb Test where the results showed a significant difference. In the 

age groups of 10 to < 11 and 11 to < 12 there was no significance between boys and girls, but 

both age groups were at borderline (P-value=0.07 and 0.06, respectively) in favor of boys. 

This could relate to the increase in height for boys during this age as an effect of puberty 

which ultimately increases stride length (Pereira et al., 2016; Voss et al., 2020). Our results 

showed that in both tests, girls were nearly as fast as boys from early childhood till the age 

of 8 to < 9 and age 9 to < 10. Afterwards, boys exceeded girls in speed and achieved less 

walking test scores. These results are consistent with earlier studies related to walking tests. 

They have found that girls from the age of 7 to 14 years scored less in walking tests and had 

less aerobic capacity than boys (Castro-Pineiro et al., 2011). This was explained by the 

differences in physical development, the changes in lean body weight and body fat, the 

hemoglobin concentration and changes in hormones (Castro-Pineiro et al., 2011). Another 

factor that could explain this was that girls are less active than boys (Castro-Pineiro et al., 

2011). Studies on the 10MWT found no significant influence of sex (De Baptista et al., 2020). 

And studies on the MTUG were in contrary where some found a significant influence of sex 

in favor to girls (Itzkowitz et al., 2016) and others found no significant influence of sex (Butz 

et al., 2015; Nicolini-Panisson & Donadio, 2014; Williams et al., 2005). This could show that 

whether there was a significant influence of sex or not, it does not have clinical importance 

since it did not exceed 2 seconds (Itzkowitz et al., 2016). 

Other factors that affect the Obstacles and Curb Tests were found to be height and 

weight. They both had a significant negative correlation with the two tests. The BMI% 

showed an insignificant correlation with both tests. Our findings agreed with the results of 

the studies done on the 10MWT (De Baptista et al., 2020) and MTUG (Itzkowitz et al., 2016; 
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Nicolini-Panisson & Donadio, 2013, 2014) when studying the anthropometric variables that 

affect the scores of the tests.  

After running a standard stepwise regression to generate a predictive equation for the 

Obstacles and Curb Tests, height and weight explained 12.7% of the total variance for the 

Obstacles Test and height, weight and sex explained 12.4% of the total variance for the Curb 

Test. Our predictive equations both considered different factors than the equation of the 

MTUG which used age only (Habib & Westcott, 1998; Itzkowitz et al., 2016) or age and 

weight (Nicolini-Panisson & Donadio, 2014) as the main predictive variables. An established 

equation for the 10MWT does not exist. Our predictive equation did not consider age as the 

main variable as previously mentioned walking tests, this could be because height showed 

more relevance and effect on the test scores of the Obstacles and Curb Tests. 

For children with CP, our finding revealed that the median (IQR) for the Obstacles 

Test was 13.2 (9.6) and for the Curb Test was 6.1 (9.0). Children with a lower GMFCS level 

required more time to complete the two tests. Children with GMFCS level I were able to walk 

in the Obstacles Test pathway without touching the obstacles, while some children with 

GMFCS levels II and III touched the obstacles and received an increase of a 10% time penalty 

as presented in the Obstacle Test protocol. This showed that children with GMFCS levels II 

and III had difficulties with stepping over the blocks or adjusted their assistive device around 

them. This could be due to the higher impairments associated with the degree of disability 

which decreases the gait quality (Nelson & Boyer, 2021). In the Curb Test, children within 

GMFCS level I and II were able to ascend the curb, walk across it and descend from the other 

side. Children with GMFCS level 1 could perform the test with no challenge in ascending the 

curb while some children with GMFCS level II performed the test with a challenge in 

ascending/descending the curb. None of the children with GMFCS level III were able to 
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complete the Curb Test therefore they were excluded. This was observed as a result of the 

inability to maneuver the assistive device to step onto the curb. Some children from GMFCS 

level II were hesitant to perform the stepping process due to fear of losing balance.  

The curb in this study was 21 centimeters in height according to the modified version 

of the Curb Test (Kane et al., 2016). We believe that this mentioned height might be the reason 

behind the difficulty of this test for children with CP in GMFCS levels II and III. According 

to the Federal Highway Administration in the United States, the standard height of the curb 

in the community is 15.2 centimeters (Federal Highway Administration, 2021). The 

Federation of Canadian Municipalities in Canada established a standard curb height of 15 

centimeters (Federation of Canadian Municipalities, 2021). In the United Kingdom, the 

standard curb height is from 10 to 12 centimeters (Doherty, 2015). After searching and 

contacting the Saudi Arabia Building and Roadway Administrations we found that in Saudi 

Arabia the minimum required curb height used in the community was 10 centimeters, but no 

standard curb height was established yet in Saudi Arabia (Saudi Arabia Building 

Administration, 2021). Moreover, the standard sidewalk depth in the United States, Canada, 

and Saudi Arabia was 1.5 meters. The sidewalk should never decrease this standard measure, 

but it increases in major roadways to 1.8 meters or more (Federal Highway Administration, 

2021; Sidewalk Design, Construction, and Maintenance, 2004; Saudi Arabia Building 

Administration, 2021). In the United Kingdom, a depth of 2 meters is recommended unless 

there is a limit in space the minimum accepted depth is 1.5 meter (Department of 

Transportation, 2018). 

In light of these findings, we suggest a new modification for the Curb Test.  We 

recommend that the curb has a height of 15 centimeters to mimic the highest standard curb 

height found in the community. We also believe that increasing the depth of the curb to 1.5 
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meters to reflect the minimum depth in the community could give children who use an 

assistive device more space to maneuver the assistive device. Changing the curb height and 

depth could make the Curb Test feasible for children with CP with GMFCS level III. 

The Obstacles and Curb Tests are both valid for children with CP. They showed a 

positive strong/very strong correlation between the 10MWT and MTUG, and a negative 

strong/very strong significant correlation with the PBS. This means that lower scores on the 

Obstacles and Curb Tests are associated with lower scores on the 10MWT and MTUG and 

higher scores on the PBS. Lower scores on the 10MWT and MTUG indicate better walking 

ability, higher gait speed and greater physical functioning ability, and likewise, higher scores 

on the PBS indicate better balance (Ammann-Reiffer et al., 2014; Duarte et al., 2014). 

Therefore, the assessment of walking using the Obstacles and Curb Tests can reflect the 

ability to walk in the community as well as show the overall degree of speed, physical 

functioning, and balance.  

The Obstacles and Curb Tests’ scores showed discrimination between children with 

CP and an age and sex matched group of TD children. The median scores of both tests were 

significantly lower in TD children when compared to children with CP. This discrimination 

appears because children with CP walk at slower speed and have a high energy cost (Rodby-

Bousquet & Hagglund, 2012). This energy consumption increases with the use of an assistive 

device which increases the time needed to perform the tests (Rodby-Bousquet & Hagglund, 

2012). In addition, a decrease of balance is a major result of motor impairments associated 

with CP. Balance and endurance are the greatest factors limiting walking abilities in children 

with CP (Nelson & Boyer, 2021). Balance was perceived to limit 8%, 22%, and 30% of 

walking ability in GMFCS levels I to III, respectively (Nelson & Boyer, 2021).  
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The Obstacles and Curb Tests are reliable timed walking tests for children with CP. 

They showed a very strong significant correlation when repeating the test on the same day 

after 15 minutes of rest. Re-applying the test on the same day was implemented following 

the tests protocol (Kane et al., 2016) and this protocol of implementing the retest on the same 

day agrees with the studying of MTUG and 6MWT’s test-retest reliability on the same day 

(Lans et al., 2020; Mesquita et al., 2013). Since the results have shown excellent correlation, 

we can assume that the time of rest was appropriate, and that fatigue was not present to alter 

the test scores. 

Study Strengths and Limitations 

In this current study, there are strengths that need to be acknowledged. This study was 

the first to estimate the normative values of the Obstacles and Curb Tests and the first to 

establish the validity and reliability of the test for children with CP. The study of normative 

values was applied in Riyadh, where subjects were recruited by a convenience sampling 

method, and this can be representative of all children in the Kingdom of Saudi Arabia since 

Riyadh city is the capital and children from different ethnicities are living there.  

The limitation in this study was that we were not able to apply a stratified sampling 

method according to location for the sample of TD children due to the limited access to 

children’s schools through a year of pandemic. Therefore, we generated a convenience 

sample that was divided into equal age and sex groups and applied the study in different areas 

in the city of Riyadh. Furthermore, the ability of the Obstacles and Curb Tests to distinguish 

between GMFCS levels for children with CP was not studied due to the limited sample size 

of children in each GMFCS level. Despite these limitations, we believe our research provides 

important evidence and established information about the normative values of the Obstacles 

and Curb Tests, and determines the validity and reliability of these tests in children with CP. 
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Summary 

In conclusion, this study established the Obstacles and Curb Tests’ normative values 

for TD children from age 6 to 12 years. The results of this study also showed that the 

Obstacles and Curb Tests are valid and reliable timed walking tests for children with CP. The 

Curb Test was not applicable for children with CP in the GMFCS level III. The Obstacles and 

Curb Tests evaluate the ability to walk, the overall physical functioning of a child, the gait 

speed, and they reflect the degree of balance. Having simple and applicable timed walking 

tests that challenge the walking ability of children and represent walking in the community 

can help clinicians in the assessment of walking.  
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Chapter VI. Summary, Conclusion and Recommendations 

 

6.1. Summary 

Background: The Obstacles and Curb Tests are timed walking tests that have been 

recently modified for pediatrics; therefore, their normative values, validity and reliability 

have not yet been studied. Knowledge of their normative values is important to distinguish 

the normal speed of typical developing (TD) children from children with slower speed caused 

by any physical disability. Studying the validity and reliability of both tests for children with 

Cerebral Palsy (CP) provides us with a more challenging tool for children with higher 

functions that reflects walking in the community. 

Objectives: The study aimed to determine the normative values of Obstacles and 

Curb Tests on TD children and to assess their validity and reliability for children with CP. 

Method: This cross-sectional study consisted of two phases. Phase one was the study 

of normative data where 240 TD children (120 girls and 120 boys) participated in the study. 

They were grouped into six age groups with a one-year increment from age 6 to 12 years old.  

Children were recruited using a convenience sampling method from five recreational centers 

in Riyadh. Children completed both the Obstacles and Curb Tests after their height, weight, 

and BMI% were measured. The Obstacles Test required the child to step over two obstacles 

and walk around one basket, while the Curb Test required the child to step on, walk across 

and step off a wooden platform that mimics a curb. Data gathered from testing was 

statistically analyzed using SPSS. Means and standard deviations were measured for height, 

weight, BMI%, and Obstacles and Curb Tests for all children. An independent t-test was 

performed to measure the effect of sex on test scores. A two-way ANOVA was used to assess 

the interaction effect of age and sex on Obstacles and Curb Tests. The factors affecting 



 

 73 

walking speed in each test (age, height, weight, and BMI%) as well as the correlation between 

both tests were studied using Pearson Correlation. The η test was used to study the association 

between both test scores and sex. Stepwise regression was used to predict the Obstacles and 

Curb Tests’ factors and their predicted equations were established.  

 Phase two was the study of psychometric properties of the Obstacles and Curb Tests 

on children with CP where 44 children with CP with ages from 6 to 12 years old participated 

in both tests. Children were recruited using a conventional method from Sultan bin Abdulaziz 

Humanitarian City. After excluding children who were unable to complete the tests, 41 

children were included in the results of the Obstacles Test, and 29 children were included in 

the results of the Curb Test. Children with CP completed both the Obstacles and Curb Tests 

after their height, weight, and BMI% were measured and information about their physical 

ability and diagnosis were gathered. To examine convergent construct validity, they also 

participated in three other tests (10-Meter Walk Test (10MWT), Modified Time Up and Go 

(MTUG) and Pediatric Balance Scale (PBS)). For assessing discriminative validity, children 

with CP were compared to a similar matching age and sex group of TD children. For studying 

test-retest reliability, children with CP underwent the Obstacles and Curb Tests twice in the 

same day. Mean and SD was done for height, weight, and BMI%, while median and 

interquartile ranges (IQR) were done for Obstacles and Curb Test scores. The Spearman’s 

Rank Correlation was used for convergent construct validity. The Mann-Whitney Test was 

used for discriminative validity. The test-retest reliability was calculated using the Intra-class 

Correlation Coefficient (ICC) and Spearman’s Rank Correlation. Alpha was set to P < 0.05. 
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Findings: 

In phase one: 

§ The mean speed for TD children in the Obstacles Test was 5.4 ± 1 seconds 

whereas for the Curb Test it was 2.9 ± 0.6 seconds. 

§ Sex had no effect on the speed of the Obstacles Test and an effect on the Curb 

Test. 

§ Age had a higher association and contributed more to both tests than sex. 

§ Age, height, and weight were factors affecting the speed of children in both 

the Obstacles and Curb Tests. Height had a negative medium correlation with 

the Obstacles Test but a negative small correlation with Curb Test. Age and 

weight both had a negative small correlation with both tests. And BMI% 

showed no correlation with both tests. 

§ Based on η, the effect size of sex on both Obstacles and Curb Tests was weak 

(η = 0.11) (η = 0.13) respectively. 

§ The highest predictor of speed in both Obstacles and Curb Tests was height 

with a 10% of the total variance in Obstacles Test and 8% of the total variance 

in Curb Test. 

§ A positive large correlation was found between Obstacles and Curb Tests (r = 

0.61, P < 001). 

In phase two: 

§ The median (IQR) for children with CP in Obstacles Test was 13.2 (9.6) and 

for the Curb Test was 6.1 (9.0). 

§ The Obstacles Test imposed less challenge on children with CP than the Curb 

Test. 
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§ Children with GMFCS level I, II, and III were able to complete the Obstacles 

Test and only children with GMFCS level I and II were able to complete the 

Curb Test. 

§ The Curb Test is not suitable for children with CP in GMFCS level III. 

§ Both tests had strong or very strong correlations with 10MWT, MTUG 

positively and with PBS negatively. 

§ A significant difference was found between the speed of TD children and 

children with CP where TD children appeared to be faster. The median (IQR) 

of TD children vs. children with CP in Obstacles Test was 5.4 (0.9) vs. 13.2 

(9.6) and in Curb Test was 3 (0.7) vs. 6.1 (9.0). 

§ Test-Retest reliability appeared to be excellent for Obstacles and Curb Tests 

with ICC = 0.98 and ICC = 0.99 respectively. 

6.2. Conclusion and Clinical Implementation 

The Obstacles and Curb Tests are timed walking tests that are applicable for children 

who walk independently with or without an assistive device. They challenge walking in 

children with high walking abilities. The study presents the normative values of the Obstacles 

and Curb Tests. The tests are valid and reliable to be used for children with CP. The Obstacles 

Test shows that it is less challenging than the Curb Test for children with CP.  

The results of this study have clinical usefulness. A clinician can use the Obstacles 

and Curb Tests as an assessment tool for walking ability that reflects walking in the 

community and the results of these tests can show improvement in walking and balance after 

an intervention. The normative values can act as a reference of walking speeds in TD children 

from age 6 to 12 years. Moreover, the tests can be useful in the physical screening of a large 

population such as schools. And this is the advantage of the test, where it can be applied in a 
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nonlaboratory setting making it applicable in different areas. In addition, the Obstacles and 

Curb Tests show similarity to walking in the community and they challenge walking of higher 

functional children with CP, and this makes it useful for clinicians to reflect the ability to 

walk outside a clinic and in a more realistic environment. On the other hand, the predicted 

equations of the two tests could be useful in estimating the walking speed of TD children in 

the community. 

6.3. Recommendations 

Further studies are recommended for the following: 

§ Normative Data for Obstacles and Curb Tests on a larger geographical area. 

§ Involve other factors that affect the walking speed in typically developing 

children such as psychological factors, leg length, joint mobility, lower muscle 

strength, sensory function, cognitive status, and energy levels.  

§ Calculate the sensitivity, specificity, receiver operating characteristic (ROC) 

curve, responsiveness, floor and ceiling effect of Obstacles and Curb Tests.  

§ Measure the validity of Obstacles and Curb Tests for different diagnoses that 

affect children. 

§ Study if the Obstacles and Curb Tests can discriminate between GMFCS 

levels.  

§ Study the adjustment of the curb height and depth for children with CP. 
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Appendix B. Consent Forms 

Appendix b1. Consent Form for Typical Developed Children 

 ثحبلا يف ةكراشملا ىلع ةقفاوملا جذومن

 )دوعس كلملا ةعماج يف -لافطأ- يعیبط جلاع ریتسجام ةبلاط( صاملا دمحأ نانب :ثحابلا مسا

 لافطلأا دنع امھتیقوثومو امھتحص صئاصخ لیلحتو فیصرلاو ةبقعلا تارابتخلا ةیرایعملا میقلا :ثحبلا ناونع

 يغامدلا للشلاب نیباصملا

 ىلع عیقوتلا لبق ةیانعب ةساردلا بناوج عیمج ةءارق ىجری .هلاعأ ةروكذملا ةیثحبلا ةساردلا يف ةكراشملل وعدم كلفط

 يأ نع ةیفاضإ تامولعم وأ تاحاضیإ بلط كناكمإب .ةساردلا تاءارجإ اذھ ةقفاوملا جذومن فصی .جذومنلا اذھ

 .ثحابلا نم لكك ثحبلا نع وأ جذومنلا اذھ يف روكذم ءيش

 ھتاوطخو ھفدھو يملعلا ثحبلا فصو :لاوأ

 يطخت ىلع لفطلا ةردقم ناسیقی ناذللا فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا داجیإ وھ ةساردلا هذھ نم ضرغلا

 تامولعملا ضعب كنم ذخأتس .فیصرلا نم لوزنلاو دوعصلا ىلع ةردقلاو يشملا ءانثأ قیرطلا يف نوكت يتلا تابقعلا

 اھدعبو نزولاو لوطلاك تاسایقلا ضعب كلفط نم ذخؤتسو ةساردلا يف ھتكراشم ةیناكمإ نم دكأتلل كلفط ةلاح نع

 .اھب مایقلا لبق ثحابلا لبق نم لیصفتلاب كل حرشُت فوس رابتخلاا تاوطخ .فیصرلاو ةبقعلا یرابتخا يرجنس

 ؟ةساردلا يف يلفط اھثكمیس يتلا ةدملا مكو ؟ثحبلا ةنیع يھ ام :ایناث

  .قئاقد ١٠ نیرابتخلاا قیبطت تقو قرغتسیس  .ةنس ١٢ - ٦ رمع نم ةلفط/لفط ٢٤٠ يھ ثحبلا ةنیع

  ةیبناجلا راثلأا :اعبار

  .ثحبلا اذھ يف ةكراشملا ضفر وأ لوبق ىلع ةیبناج تاریثأت يأ دجوت لا

  نیكراشملا ةیصوصخو ةیرسلا :اسماخ

  .طقف يملعلا ثحبلا ضرغل مدختست فوسو ،ةمات ةیرسب ةظوفحم نوكت فوس كلفط تانایب

  نیدلاولا دحأ ةقفاوم :اعبار

 قفاوأ يتبغرب ھنإف كلذ ىلع ً ءانبو ،اھعیمج يتلئسأ ىلع ةباجلإا تمتو ،جذومنلا نومضم تمھفو تأرق دقل �

 .ثحبلا لحارم نم ةلحرم يأ يف باحسنلاا نم قحلا يل نأ امك .ثحبلا اذھ يف يلفط ةكراشم ىلع

 ............................................................ :نیدلاولا دحأ عیقوت
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Appendix b2. Consent Form for Children with CP 

 ثحبلا يف ةكراشملا ىلع ةقفاوملا جذومن

 )دوعس كلملا ةعماج يف -لافطأ- يعیبط جلاع ریتسجام ةبلاط( صاملا دمحأ نانب :ثحابلا مسا

 لافطلأا دنع امھتیقوثومو امھتحص صئاصخ لیلحتو فیصرلاو ةبقعلا تارابتخلا ةیرایعملا میقلا :ثحبلا ناونع

 يغامدلا للشلاب نیباصملا

 ىلع عیقوتلا لبق ةیانعب ةساردلا بناوج عیمج ةءارق ىجری .هلاعأ ةروكذملا ةیثحبلا ةساردلا يف ةكراشملل وعدم كلفط

 يأ نع ةیفاضإ تامولعم وأ تاحاضیإ بلط كناكمإب .ةساردلا تاءارجإ اذھ ةقفاوملا جذومن فصی .جذومنلا اذھ

 .ثحابلا نم لكك ثحبلا نع وأ جذومنلا اذھ يف روكذم ءيش

 ھتاوطخو ھفدھو يملعلا ثحبلا فصو :لاوأ

 امھتحص صئاصخ لیلحتو فیصرلاو ةبقعلا تارابتخلا ةیرایعملا ةمیقلا داجیإ وھ ةساردلا هذھ نم ضرغلا

 ىلإ لصت ھیبیرقت ةدمل رابتخلاا رقمل روضحلا كنم بلطتیس .يغامدلا للشلاب نیباصملا لافطلأا دنع امھتیقوثومو

 ضعب ذخؤتسو ةساردلا يف ھتكراشم ةیناكمإ نم دكأتلل كلفط ةلاح نع تامولعملا ضعب كنم ذخأتس .ةقیقد ٦٠

 .ةحارلل ةقیقد ١٥ امھنیب لصفت نیترمل نزاوتلاو يشملل تارابتخا سمخ يرجنس اھدعبو نزولاو لوطلاك تاسایقلا

 .اھب مایقلا لبق ثحابلا لبق نم لیصفتلاب كل حرشُت فوس تارابتخلاا تاوطخ

ثحبلا ةنیع :ایناث  

 .يشملا ىلع ةردقلا مھیدل نمم ةنس ١٢ - ٦ رمع نم ةلفط/لفط ٤٤ نیكراشملا ددع عومجم

 ةیبناجلا راثلأا ً:ایناث

  .ثحبلا اذھ يف ةكراشملا ضفر وأ لوبق ىلع ةیبناج تاریثأت يأ دجوت لا

  نیكراشملا ةیصوصخو ةیرسلا ُ:اثلاث

 .طقف يملعلا ثحبلا ضرغل مدختست فوسو ،ةمات ةیرسب ةظوفحم نوكت فوس كلفط تانایب

  نیدلاولا دحأ ةقفاوم :اعبار

 قفاوأ يتبغرب ھنإف كلذ ىلع ً ءانبو ،اھعیمج يتلئسأ ىلع ةباجلإا تمتو ،جذومنلا نومضم تمھفو تأرق دقل �

 .ثحبلا لحارم نم ةلحرم يأ يف باحسنلاا نم قحلا يل نأ امك .ثحبلا اذھ يف يلفط ةكراشم ىلع

 ............................................................ :نیدلاولا دحأ عیقوت
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Appendix C. Demographic and Anthropometric Data Forms 

Appendix c1. Demographic and Anthropometric Data Form for Typical 

Developed Children 

 

Sex: 

� Girl 

� Boy 

Age: ……………………. 

� 6 to < 7 years old 

� 7 to < 8 years old 

� 8 to < 9 years old 

� 9 to < 10 years old 

� 10 to < 11 years old 

� 11 to < 12 years old 

 

Height: …………………………….……. 

Lower Limb Height: ……………………. 

Weight: ………………………….………. 

 

Home district: 

� Center 

� North 

� South 

� East 

� West 
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Appendix c2. Demographic and Anthropometric Form for Children with 

Cerebral Palsy 

Sex: 

� Girl 

Age: ……………………….…. 

� 6 to < 7 years old 

� 7 to < 8 years old 

� 8 to < 9 years old 

Height: By standing: ……………. Or segmental height (Knee Height): ……………. 

Lower Limb Height: …………………….  Weight: …………….……….…. 

Type of Cerebral Palsy: 

� Spastic diplegic  

� Spastic hemiplegic 

� Spastic quadriplegic 

� Ataxic 

� Other: ……………….……. 

Does the child use orthosis? 

� Yes 

� No 

If yes, what is the type of orthosis: 

� AFO  

� KAFO 

� Medical Shoes 

� Other: ……………….……. 

Does the child use a walking assistive device? 

� Yes 

� No 

If yes, what is the type of walking assistive device: 

� Reverse walker 

� Front walker 

� Other: ……….……………. 

� 9 to < 10 years old 

� 10 to < 11 years old 

� 11 to < 12 years old 

 

 

� 9 to < 10 years old 

� 10 to < 11 years old 

� 11 to < 12 years old 

 

� Boy 

 

� Boy 

� One 

 

� One 

� Two 

 

� Two 

� Three 

 

� Three 
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GMFCS Level:  

Appendix D. Recording Sheets 

Appendix d1. Recording Sheet for Typical Developed Children  

Obstacles Test 

Obstacles Test’s time in seconds: 

 

Did the child touch the obstacles? 
� Yes 

� No 

Curb Test 

Curb Test’s time in seconds: 
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Appendix d2. Recording Sheet for Children with Cerebral Palsy 

10-Meter Walk Test 

10-Meter Walk Test’s time in seconds: 
Trial 1 Trial 2 Trial 3 Mean 

Modified Time Up and Go 

Modified Time Up and Go’s time in 
seconds: 

Trial 1 Trial 2 Trial 3 Best Trial 

Obstacles Test 

Obstacles Test’s time in seconds: 
 

Did the child touch the obstacles? 
� Yes 

� No 

Did the child need assistance? 
� Yes 

� No 

Curb Test 

Curb Test’s time in seconds: 
 

Did the child use stepping or crawling? 
� Stepping 

� Crawling 

Did the child need assistance? 
� Yes 

� No 

Pediatric Balance Scale 

Pediatric Balance Scale’s score: 
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Appendix E. Obstacles Test Instruction 

 

The Obstacles Test is a walking test that involves stepping over two obstacles and 

walking around one basket. Perform this test for children who are able to walk independently 

or while using an assistive device. 

Time to complete the test: less than 5 minutes 

Equipment needed: two obstacles that are of width and height of 10%–15% and 

20%–25% of the child’s leg length and obstacle length of 0.5-meters (or modified to length 

of 0.25-meters for children with assistive devices), a basket that is around 56 centimeters in 

width and 69.5 centimeters in length, a stopwatch, an 8.5-meters distance measured and 

marked by green and blue tape. 

Obstacles Test Pathway: 

The start and end lines are marked by green tape at 6-meters before the basket 

(indicating the start line) and 2-meters after the basket (indicating the end line). In addition 

to the start and end lines marked in green, the path is marked at 1-meter after the start line 

and 1-meter before the end line with blue tape. As illustrated in the above figure, two 

obstacles are set at 2.5-meters and 4-meters from the start line. The two obstacles are set 

carefully so that they are of width and height of 10%–15% and 20%–25% of the child’s leg 

length, respectively. The obstacles are stackable foam blocks that form 0.5-meters in length 
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(or shortened to 0.25-meters for children with assistive devices). The basket is set after 6-

meters. 

Tester Instructions: 

§ If a child uses orthosis or braces for walking in the community, they can use them while 

performing the test. 

§ The tester provides instructions and answers the child’s questions as needed. 

§ The tester does not provide physical assistance but walks behind the patient for safety. 

§ The tester times the child’s walking speed and gives no feedback/encouragement during 

the test. 

§ The tester demonstrates the test once to the child and then they give them one practice trial 

to try the path without recording the time, after that the child performs the test for one trial 

and the time is recorded. 

§ The child should stand behind the start line and walk in fast speed in a straight line then 

step over the obstacles, walk around one side of the basket then pass the end line. 

§ The time between the blue lines is recorded in seconds, allowing 1-meter for acceleration 

and deceleration. As one of the child’s feet crosses over the first blue line the timer starts, 

and as one of their feet crosses the end blue line the timer stops. 

§ A 10% time penalty is added to the recorded time if the child touches one or more obstacles 

with their body or assistive device. 

Child Instructions: 

The instructions given to the child were as following: “When I say go, walk in fast 

speed without running, step over the blocks, go around the basket from either right or left 

side then walk till you reach the green line. Don’t touch the blocks or basket and if you do, 

or they fall do not stop, continue walking till you reach the green line”. 
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Appendix F. Curb Test 

 

The Curb Test is a walking test that involves stepping onto and off a wooden platform 

that is meant to mimic a curb. Perform this test for children who are able to walk 

independently. 

Time to complete the test: less than 5 minutes 

Equipment needed: a wooden platform that is approximately 21 centimeters in 

height, 122 centimeters in length and 81 centimeters in width, a 5.5-meters distance measured 

and marked by green and blue tape. 

Obstacles Test Pathway: 

The start and end lines were marked by green tape at 2-meters before and after the 

wooden platform. The path was marked at 1-meter after the start line and 1-meter before the 

end line with blue tape. 

Tester Instructions: 

§ If a child uses orthosis or braces for walking in the community, they can use them while 

performing the test. 

§ The tester provides instructions and answers the child’s questions as needed. 

§ The tester does not provide physical assistance but walks behind the patient for safety. 
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§ The tester times the child’s walking speed and gives no feedback/encouragement during 

the test. 

§ The tester demonstrates the test once to the child and then they give them one practice trial 

to try the path without recording the time, after that the child performs the test for one trial 

and the time is recorded. 

§ The child should stand behind the start line and walk in a straight line toward the wooden 

platform, step onto it, walk across, step down to the ground then cross the end line. 

§ The time between the blue lines is recorded in seconds, allowing 1-meter for acceleration 

and deceleration. As one of the child’s feet crosses over the first blue line the timer starts, 

and as one of their feet crosses the end blue line the timer stops. 

Child Instructions: 

The instructions given to the child were as following: “When I say go, walk in fast 

speed, step on the curb, walk across then step off and walk till you reach the green line”. 

 

 

. 
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Appendix G. BMI Percentile Charts 

Appendix g1. BMI Percentile Chart for Girls 
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Appendix g2. BMI Percentile Chart for Boys  



 

 102 
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Chapter IX. Arabic Summary and Abstract 

 

 صخلملا

 ،لافطلأا بسانتل اثیدح امھلیدعت مت نیذلا يشملا تارابتخا نم نارابتخا امھ فیصرلاو ةبقعلا يرابتخا :ةیفلخلا

 امھل ةیرایعملا میقلا ةفرعم .امھتیقوثومو امھتحص صئاصخ لیلحت كلذكو امھل ةیرایعملا میقلا باسح دعب متی مل كلذل

 نا .ةیكرح تاباصإب نیباصملا لافطلأا ةعرسو ومنلا ومیلس لافطلأا ةعرس نیب قرفلا ةفرعم نم نكمتن ىتح ةیرورض

 لكشی رابتخا ىلع لوصحلا نم اننكمت يغامدلا للشلاب نیباصملا لافطلأا ىلع نیرابتخلاا ةیقوثومو ةحص نم ققحتلا

 .عمتجملا يف يشملا ةردق سكعیو ةیلاع ةیكرح تاردق مھیدل نمم لافطلأل يشملا يف يدحت

 لیلحتو ومنلا ومیلس لافطلأل فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا باسح ىلإ ةساردلا هذھ تفدھ :فادھلأا

 .يغامدلا للشلاب نیباصملا لافطلأا دنع امھتیقوثومو امھتحص صئاصخ

 ٢٤٠ ىلع ةیرایعملا میقلا ةسارد تنمضت ىلولأا ةلحرملا :نیتلحرم نم ةیعطقملا ةساردلا ةذھ تنوكت :ةقیرطلا

 ىرخلآا نع ةعومجم لك دیزت ةیرمع تاعومجم ٦ يف نیمسقم ماع ١٢ - ٦ رمع نم )لفط ١٢٠و ةلفط ١٢٠( لفط/ةلفط

 لافطلأا كراش .ةیقبطلا ةیئاوشعلا ةنیعلا ةقیرط مادختساب ضایرلا يف ةیھیفرت زكارم سمخ نم ةنیعلا تعمج .ةلماك ةنسب

 بلطتی .مھمسج ةلتكل يوئملا رشؤملاو مھنزوو مھلوط سایقو مھنع تامولعم ذخأ دعب فیصرلاو ةبقعلا يرابتخا نم لك يف

 رابتخا بلطتی امنیب ةثلاثلا ةبقعلا لوح نارودلاو ھیشم قیرط يف دجوت نیتبقع يطخت لفطلا نم بلطتی ةبقعلا رابتخا

 مادختساب تانایبلا تجلوع .ةیلاع ةعرسب يشملاب كلذو فیصرلا ھبشت ةیبشخ ةعطق نم لفطلا لوزنو دوعص فیصرلا

 ،مسجلا ةلتكل يوئملا رشؤملاو نزولاو ،لوطلا نم لكل ةیرایعملا تافارحنلااو تاطسوتملا باسح مت .SPSS 25 جمانرب

 يرابتخا جئاتن ىلع سنجلا ریثأت سایقل ةلقتسملا تانیعلل "ت" رابتخا يرجا .لافطلأا لكل فیصرلاو ةبقعلا يرابتخاو

 رمعلاو سنجلا ریثأت لیلحتل هاجتلاا يئانث (ANOVA) فلتخملا يثلاثلا نیابتلا لیلحت رابتخا مدختسا .فیصرلاو ةبقعلا

 ىلع مسجلا ةلتكل يوئملا رشؤملاو لوطلاو نزولاو رمعلا طابترا رابتخلا نوسریب لماعم مدختسا .نیرابتخلاا لاك ىلع

 سنجلا ریثأت ةساردل η تمدختسا .فیصرلاو ةبقعلا يرابتخا نیب طابترلاا ةفرعمل ىرخا هرم مدختسا امك .نیرابتخلاا لاك

 متو نیرابتخلاا لاك يف ةلمتحملا ةیؤبنتلا تاریغتملا ةفرعمل يجیردتلا يطخلا رادحنلاا جذومن مدختسا .نیرابتخلاا ىلع

 .نیرابتخلاا لاكل ھیؤبنت ةلداعم نییعت
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 لافطلأا نم لفط/ةلفط ٤٤ دنع فیصرلاو ةبقعلا يرابتخا ةیقوثومو ةحص صئاصخ لیلحت تناك ةیناثلا ةلحرملا

 مادختساب ةیناسنلاا تامدخلل زیزعلا دبع نب ناطلس ةنیدم نم ةنیعلا تعمج .ماع ١٢ – ٦ رمع نم يغامدلا للشلاب نیباصملا

 لفط/ةلفط ٤١ جئاتن مادختسا مت ،نیرابتخلاا لامكا نم اونكمتی مل نیذلا لافطلأا داعبتسا دعب .ةیقبطلا ةیئاوشعلا ةنیعلا ةقیرط

 كراش .فیصرلا رابتخا يف يغامدلا للشلاب نیباصملا نم لفط/ةلفط ٢٩و ةبقعلا رابتخا يف يغامدلا للشلاب نیباصملا نم

 ىوتسم نییعتو مھصیخشت نع تامولعم ذخأ دعب فیصرلاو ةبقعلا يرابتخا نم لاك يف يغامدلا للشلاب نیباصملا لافطلأا

 يوئملا رشؤملاو مھنزوو مھلوط سایقو GMFCS ةیلامجلاا ةیكرحلا ةفیظولا فنصت ماظن مادختساب ةیكرحلا مھتردق

 ثلاث يف اضیأ ةكراشملاب يغامدلا للشلاب نیباصملا لافطلأا ماق ،فیصرلاو ةبقعلا يرابتخا لامكتسا دعب .مھمسج ةلتكل

 نزاوتلا رابتخاو ،يشملاو فوقولا رابتخاو ،راتمأ ةرشعل يشملا رابتخا( نزاوتلاو يشملاب ةصتخم ىرخا تارابتخا

 نیرابتخلاا ةحص سایقل سایق لجأ نم .يبراقتلا قدصلا مادختساب نیرابتخلاا ةحص ةسارد لجأ نم كلذو )لافطلأل

 رمعلاب ھھباشم ةیرمع ةعومجمو يغامدلا للشلاب نیباصملا لافطلأا ىدل يشملا جئاتن ةنراقم مت ،يزیامتلا قدصلا مادختساب

 موی يف نیترم فیصرلاو ةبقعلا يرابتخا ضوخب يغامدلا للشلاب نیباصملا لافطلأا ماق .ومنلا ومیلس لافطلأا نم سنجلاو

 تافارحنلااو تاطسوتملا باسح مت ،ةنیعلا عمج دعب .رابتخلاا تابث مادختساب نیرابتخلاا ةیقوثوم ةفرعم لجأ نم دحاو

 يرابتخا جئاتنل )يعبرلا فارحنلاا( طیسولا باسحو ،مسجلا ةلتكل يوئملا رشؤملاو نزولاو ،لوطلا نم لكل ةیرایعملا

 ةثلاثلا تارابتخلااو فیصرلاو ةبقعلا يرابتخا نیب يبراقتلا قدصلا سایقل نامریبس ةبتر طابترا مدختسا .فیصرلاو ةبقعلا

 نامریبس ةبتر طابتراو ICC طابترلاا لماعم مدختساو .يزیامتلا قدصلا سایقل ينتو-نام سایقم مدختسا امك .ىرخلاا

 .P < 0.05 دنع ةللادلا ىوتسم ددح .نیرابتخلاا ةیقوثوم سایقل

 :جئاتنلا

 :ىلولأا ةلحرملا يف

 رابتخا يف ةیناث ٠.٦ ± ٢.٩و ةبقعلا رابتخا يف ةیناث ١ ± ٥.٤ ناك ومنلا ومیلس لافطلأا يشم طسوتم §

 .فیصرلا

 .فیصرلا رابتخا يف ریثأت ھل نكلو ،ةبقعلا رابتخا يف يشملا ةعرس ىلع ریثأت ھل سیل سنجلا §

 .نیرابتخلاا لاك يف لافطلأا يشم ةعرس ىلع سنجلا نم رثكأ ةرثؤم رمعلا ةقلاع تناك §

 طبترا ثیح ،نیرابتخلاا لاك يف لافطلأا يشم ةعرس ىلع نیرثؤملا اوناك نزولاو لوطلاو ،رمعلا §

 نزولاو رمعلا .يبلس فیعض طابترا ةبقعلا رابتخا عمو يبلس طسوتم طابترا ةبقعلا رابتخا عم لوطلا
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 طبارت يأ مسجلا ةلتكل يوئملا رشؤملا رھظی مل امنیب ،يبلس فیعض طابترا نیرابتخلاا لاك عم اطبترا

 .نیرابتخلاا لاك عم

 .فیعض (η = 0.13) فیصرلاو  (η = 0.11) ةبقعلا يرابتخاو سنجلا نیب طابترلاا رھظ η ىلع اءانب §

  .لوطلا ناك فیصرلاو ةبقعلا يرابتخا نم لاك ىلع ربكلأا يئبنتلا ریغتملا §

 .(r = 0.61, P < 001) فیصرلاو ةبقعلا يرابتخا نیب بجوم يوق طابترا رھظ §

 :ةیناثلا ةلحرملا يف

 رابتخا يف )٩.٦( ١٣.٢ ناك يغامدلا للشلاب نیباصملا لافطلأا ةعرسل )يعبرلا فارحنلاا( طیسولا §

 .فیصرلا رابتخا يف )٩.٠( ٦.١ و ةبقعلا

 .فیصرلا رابتخاب ةنراقم يغامدلا للشلاب نیباصملا لافطلأل لقا يدحت لكشی ناك ةبقعلا رابتخا §

 امنیب ةبقعلا رابتخا لمع مھتعاطتساب ناك ةثلاثلاو ةیناثلاو ىلولأا GMFCS ةعومجم نم لافطلأا §

 .فیصرلا رابتخا لمع طقف ةیناثلاو ىلولأا GMFCS ةعومجم نم لافطلأا عاطتسا

 .ةثلاثلا GMFCS ةعومجم نم لافطلأا بسانی لا ةبقعلا رابتخا §

 يشملاو فوقولا رابتخاو ،راتمأ ةرشعل يشملا رابتخاو نیرابتخلاا نیب بجوم يوق طابترا دجوی §

 .لافطلأل نزاوتلا رابتخا عم بلاس يوق طابتراو

 لافطلأا رھظی ثیح ومنلا ومیلس لافطلأا نیبو يغامدلا للشلاب نیباصملا لافطلأا ةعرس نیب قرف دجوی §

 للشلاب نیباصملا لافطلأا لباقم ومنلا ومیلس لافطلأل )يعبرلا فارحنلاا( طیسولا .ربكأ ةعرسب ومیلس

 لباقم )٠.٧( ٣ ناك فیصرلا رابتخاو )٩.٦( ١٣.٢ لباقم )٠.٩( ٥.٤ ناك ةبقعلا رابتخا يف يغامدلا

٩.٠( ٦.١(. 

 (ICC = 0.98)  ةبقعلا رابتخا ةیقوثوم ىلع لدی امم نیرابتخلاا ةداعإ دنع يوق طابترا دوجو رھظ §

 .(ICC = 0.99) فیصرلاو

 :ةمتاخ

 يشملا نم نونكمتی نیذلا لافطلأا بسانت يتلا يشملا تارابتخا نم نارابتخا امھ فیصرلاو ةبقعلا يرابتخا

 مھیدل نمم لافطلأل يدحت نلاكشی فیصرلاو ةبقعلا يرابتخا .لا وأ يشملا يف دعاست تاودأ مادختساب ءاوس لقتسم لكشب

 ایكینیلكا مدختست نا نكمی جئاتنلا هذھ .فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا ضرعت ةساردلا .يشملل ةیلاع ةردق
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 يرابتخا .عساو قاطن ىلع لافطلأا مییقت يف اضیأ نیرابتخلاا دعاسی .ومنلا ومیلس لافطلأا نع يشملا مییقت يف عجرمك

 رھظی ةبقعلا رابتخا .يغامدلا للشلاب نیباصملا لافطلأا عم مادختسلال نیقوثومو نیحیحص نیرابتخا فیصرلاو ةبقعلا

 مییقت يف فیصرلاو ةبقعلا يرابتخا نم لاك دعاسی .يغامدلا للشلاب نیباصملا لافطلأا عم فیصرلا رابتخا نم لقأ يدحت

  .عمتجملا يف يشملا سكعی كلذو ربتخم ىلإ جاتحی لاو ناكم يأ يف يشملا

 :تایصوتلا

 :نم لكل ةیفاضإ تاساردب ىصوی

 .ھعسوتم ةیفارغج ةنیع ىلع فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا ةفرعم §

 ،مدقلا لوطو ،ةیسفن لماوع :لثم ومنلا ومیلس لافطلأا نع يشملا ىلع رثؤت ىرخأ لماوع لمش §

 يوتسمو يفرعملا يكاردلاا يعولاو ،ساسحلاا ةوقو ،نیلجرلا تلاضع ةوقو ،لصافملا ةنورمو

 .ةقاطلا

 .فیصرلاو ةبقعلا يرابتخا ىلع فقسلاو ةیضرلأا ریثأتو ،ةباجتسلاا ،ةیصصختلا ،ةیساسحلا سایق §

  .لافطلأا بیصت ىرخأ تاصیخشت ىلع فیصرلاو ةبقعلا رابتخا ةحص سایق §

 تاعومجم نم ةعومجم لك يف لافطلأا نیب زییمتلا ىلع فیصرلاو ةبقعلا يرابتخا ةردق ةسارد §

GMFCS. 

 .يغامدلا للشلاب نیباصملا لافطلأل ةبقعلا رابتخا قمعو لوط لیدعت ةداعإ §
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 صلختسملا

 ةعرس ،ةیدسجلا ةكرحلا سایقل نامدختسی نیذللا يشملا تارابتخا نم نارابتخا امھ فیصرلاو ةبقعلا يرابتخا :ةیفلخلا

 ةیرایعملا میقلا باسح دعب متی مل كلذل ،لافطلأا بسانتل اثیدح امھلیدعت مت نارابتخلاا .رابكلا ىدل نزاوتلا ىوتسمو ،يشملا

  .امھتیقوثومو امھتحص صئاصخ لیلحت كلذكو امھل

 صئاصخ لیلحتو ومنلا ومیلس لافطلأل فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا باسح ىلإ ةساردلا هذھ تفدھ :فادھلأا

  .يغامدلا للشلاب نیباصملا لافطلأا دنع امھتیقوثومو امھتحص

 ةنیع ىلع فیصرلاو ةبقعلا يرابتخا قیبطت مت ىلولأا ةلحرملا يف :نیتلحرم نم تنوكت ةیعطقملا ةساردلا هذھ :ةقیرطلا

 ةنسب ىرخلآا نع ةعومجم لك دیزت ةیرمع تاعومجم ٦ يف ةمسقم اماع ١٢ - ٦ رمع نم ةلفط/لفط ٢٤٠ نم ةنوكم

 باسح يف تمدختسا ىلولأا ةلحرملا نم اھجاتنتسا مت يتلا تانایبلا .)ةیرمع ةعومجم لك يف ةلفط ٢٠ ،لفط ٢٠( ةلماك

 رمعلا ىلع ينبم رادحنا جذومن ءانب مت ،فیصرلاو ةبقعلا يرابتخا میقب ؤبنتلل .فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا

 مت .نیرابتخلاا ةجیتن باسحل ةیؤبنتلا ةلداعملا عضوو لافطلأا يشم ةعرس ىلع ةرثؤملا لماوعلا ةفرعم تمت .سنجلاو

 كراش ةیناثلا ةلحرملا يف .نیرابتخلاا لاك يف ةلمتحملا ةیؤبنتلا تاریغتملا ةفرعمل يجیردتلا يطخلا رادحنلاا جذومن عضو

 ةفلتخم عاونأ مھیدل ناك .اماع ١٢ - ٦ رمع نم فیصرلاو ةبقعلا رابتخا يف يغامدلا للشلاب نیباصملا نم ةلفط/لفط ٤٤

 GMFCS ةیلامجلاا ةیكرحلا ةفیظولا فنصت ماظن نم ثلاثلاو يناثلاو لولأا يوتسملا يف مھفینصت متو يغامدلا للشلا نم

 ،نیرابتخلاا لامكا نم اونكمتی مل نیذلا لافطلأا داعبتسا دعب .يغامدلا للشلاب نیباصملا لافطلأا ةكرح فینصت يف مدختسملا

 جارختسا يف لافطلأا ءلاؤھ جئاتن مادختسا مت .فیصرلا رابتخا يف ةلفط/لفط ٢٩و ةبقعلا رابتخا يف ةلفط/لفط ٤١ كراش

 لامكتساب يغامدلا للشلاب نیباصملا لافطلأا ماق ،يبراقتلا قدصلا مادختساب نیرابتخلاا ةحص ةساردل .ةساردلا جئاتن

 ،راتمأ ةرشعل يشملا رابتخا( نزاوتلاو يشملاب ةصتخم ىرخا تارابتخا ثلاثل ةفاضلإاب فیصرلاو ةبقعلا يرابتخا

 جئاتن ةنراقم مت ،يزیامتلا قدصلا مادختساب نیرابتخلاا ةحص سایقل .)لافطلأل نزاوتلا رابتخاو ،يشملاو فوقولا رابتخاو

 ةفرعمل .ومنلا ومیلس لافطلأا نم سنجلاو رمعلاب ھھباشم ةیرمع ةعومجمو يغامدلا للشلاب نیباصملا لافطلأا ىدل يشملا

 يرابتخا يف دحاو موی يف نیترم يغامدلا للشلاب نیباصملا لافطلأا كراش ،رابتخلاا تابث مادختساب نیرابتخلاا ةیقوثوم

 .فیصرلاو ةبقعلا

 .فیصرلا رابتخا يف ةیناث ٠.٦ ± ٢.٩و ةبقعلا رابتخا يف ةیناث ١ ± ٥.٤ ناك ومنلا ومیلس لافطلأا يشم طسوتم :جئاتنلا

 اوناك نزولاو لوطلاو ،رمعلا .نیرابتخلاا لاك يف لافطلأا يشم ةعرس ىلع سنجلا نم رثكأ ةرثؤم رمعلا ةقلاع تناك
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 جذومن يف .لوطلا ناك نیرابتخلاا لاك ىلع ربكلأا يئبنتلا ریغتملا .نیرابتخلاا لاك يف لافطلأا يشم ةعرس ىلع نیرثؤملا

 طیسولا .فیصرلا رابتخا ةجیتن نم ٪٨و ةبقعلا رابتخا ةجیتن نم ٪١٠ حضوی لوطلا نأ رھظ يجیردتلا يطخلا رادحنلاا

 رابتخا يف )٩.٠( ٦.١و ةبقعلا رابتخا يف )٩.٦( ١٣.٢ ناك يغامدلا للشلاب نیباصملا لافطلأا ةعرسل )يعبرلا فارحنلاا(

 ،يشملاو فوقولا رابتخاو ،راتمأ ةرشعل يشملا رابتخاو نیرابتخلاا نیب يوق طابترا دوجو جئاتنلا ترھظأ .فیصرلا

 للشلاب نیباصملا لافطلأا ةعرس نیب قرف دوجو جئاتنلا ترھظأ .نیرابتخلاا ةحص ىلع لدی امم لافطلأل نزاوتلا رابتخاو

 طابترا دوجو رابتخلاا تابث جئاتن ترھظأ .عرسأ ومیلس لافطلأا رھظی ثیح ومنلا ومیلس لافطلأا ةعرس نیبو يغامدلا

 )يلاوتلا ىلع ٠.٩٩=ICC ، ٠.٩٨=ICC( نیرابتخلاا ةیقوثوم ىلع لدی امم نیرابتخلاا ةداعإ دنع يوق

   :ةصلاخلا

 فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا .يشملا يف ةیلاع ةردق مھیدل نیذلا لافطلأل نامدختسی فیصرلاو ةبقعلا يرابخا

 لولأ ةساردلا هذھ يف اھضرع مت اماع ١٢ – ٦ رمع نم ومنلا ومیلس لافطلأل نیرابتخلاا ةجیتن باسحل ةعقوتملا ةلداعملاو

 عیطتسی .يغامدلا للشلاب نیباصملا لافطلأا عم مادختسلال نیقوثومو نیحیحص نیرابتخا فیصرلاو ةبقعلا يرابتخا .هرم

 تاودأك فیصرلاو ةبقعلا يرابتخا مادختسا .ومنلا ومیلس لافطلأاو يغامدلا للشلاب نیباصملا لافطلأا نیب ةقرفتلا رابتخلاا

 .نزاوتلا ىوتسمو ،يشملا ةعرس ،ةیدسجلا ةكرحلا يف نسحتلا رھظی يكینیلكا جلاع دعبو لبق يشملا سایقل

 

 .يغامدلا للشلا ،يشملا تارابتخا ،فیصرلاو ةبقعلا يرابتخا ،ومنلا ومیلس لافطلأا ،ةیرایعملا میقلا :ةلادلا تاملكلا
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 دنع امھتیقوثومو امھتحص صئاصخ لیلحتو فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا

 يغامدلا للشلاب نیباصملا لافطلأا

 
 :دادعإ

 صاملا دمحم نب دمحأ تنب نانب
 يعیبط جلاع سویرولاكب

 
 

 لبق نم اھتزاجإ تمتو ـھ١٤٤٣ /١٦/٠٥ قفاوملا م ٢١/١٢/٢٠٢١ خیراتب ةلاسرلا ةشقانم تمن

   

 :ةنجللا ءاضعأ

 يضرملا ةرینم .د

 

 

_______________________________ 

 

 رداقلادبع ةحیمس .د

 

 

_______________________________ 

 

 ينیصحلا لداع .د

 

 

_______________________________ 

 

 

 

 

 :نوفرشملا

 ينابقلا اھم .د

 

 

_______________________________ 

 

 نییھاش فافع .د

 

 

_______________________________ 
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 دنع امھتیقوثومو امھتحص صئاصخ لیلحتو فیصرلاو ةبقعلا يرابتخلا ةیرایعملا میقلا

يغامدلا للشلاب نیباصملا لافطلأا  

 
 

 يحصلا لیھأتلا مولع مسق ىدل يعیبطلا جلاعلا يف ریتسجاملا ةجرد ىلع لوصحلا تابلطتمل لاامكتسا ةلاسرلا هذھ تمدق

  دوعس كلملا ةعماج يف ةیقیبطتلا ةیبطلا مولعلا ةیلك يف

 

 :دادعإ

 صاملا دمحم نب دمحأ تنب نانب

 يعیبط جلاع سویرولاكب

 

 :فرشملا

 ينابقلا اھم .د

 :دعاسملا فرشملا

 نیھاش فافع .د

 
 
 

 م ٢٠٢١ - ـھ ١٤٤٣

 ةیدوعسلا ةیبرعلا ةكلمملا
 میلعتلا ةرازو
 دوعس كلملا ةعماج
 ةیقیبطتلا ةیبطلا مولعلا ةیلك
 يحصلا لیھأتلا مولع مسق

 

 ةیدوعسلا ةیبرعلا ةكلمملا
 میلعتلا ةرازو
 دوعس كلملا ةعماج
 ةیقیبطتلا ةیبطلا مولعلا ةیلك
 يحصلا لیھأتلا مولع مسق


