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Abstract 

Background: While the survival of children born with Spina Bifida has 

improved, some may have lower cognitive, behavioural and educational 

performance. Currently, little is known on these outcomes for children of 

primary school age assessed by multi informants i.e. parents/guardians in the 

home environment and teachers in the school environment.  

Aim: To investigate the effect of Spina Bifida on cognitive, behavioural and 

educational outcomes in 5-11year olds in Northern Ireland. 

Method: A cross-sectional study design of children with Spina Bifida, recruited 

from the Shine (Spina Bifida, Hydrocephalus, Information, Networking, 

Equality) database, and children without Spina Bifida with similar date of birth, 

of same gender and in the same class as the child with Spina Bifida. Data were 

collected from parents/guardians and teachers using Behavior Rating 

Inventory of Executive Function, second edition (BRIEF2) - to assess cognitive 

outcomes, Strengths and Difficulties Questionnaire (SDQ) - to assess 

behavioural outcomes and Teacher Academic Attainment Scale (TAAS) - to 

assess academic outcomes. 

 

Results: Nineteen parental and 13 teacher responses were received for 

children with Spina Bifida, and eight parental and seven teacher responses for 

children without Spina Bifida. 68% of children with Spina Bifida and 88% of 

children without Spina Bifida were female. Children in both groups performed 

at a similar level across subscales of BRIEF2 with the exception of Working 

Memory from both parent report and teacher report. No group differences 

were found in SDQ scales as assessed by parents; teacher assessment of 

conduct problems, hyperactivity/inattention and peer problems were higher 

for children with Spina Bifida. Anticipated matched analysis was not possible 

due to unequal number of participants between the groups. Children with 

Spina Bifida performed similarly in all subjects across the curriculum with the 

exception of English, Mathematics and History. 

 

Conclusions: Based on this small sample, a potential need for evidence-based 

interventions to assist children with Spina Bifida in the cognitive area of 

Working Memory and also in English, Mathematics and History is postulated. 

Larger longitudinal studies are required to confirm these findings. 
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Chapter 1: Introduction 
 

 

 

1.1 Neural Tube Defects and Spina Bifida: An Overview 

Neural tube defects (NTDs) relate to congenital defects in the development of the 

main organs of the central nervous system (CNS), namely the brain, spine, or spinal 

cord (Copp and Greene 2010). NTDs occur due to incomplete closure of the neural 

tube during embryonic development, which is normally completed within 30 days 

of conception (Jones et al. 2013). The incidence of NTDs varies worldwide and is 

estimated to range from 1 to 10 cases per 1,000 births (Au et al. 2010). Specific 

types of NTD include: 1) Spina Bifida, which affects the spine region; 2) 

anencephaly, in which little or no brain develops; 3) encephalocele, which affects 

the skull region; and 4) iniencephaly, which results in severe neck problems due to 

distorted spine (National Institute of Neurological Disorders and Stroke 2012). The 

most commonly occurring NTDs are anencephaly and Spina Bifida, which occur in 

almost equal frequencies (Au et al. 2010), although only Spina Bifida is compatible 

with survival (Liptak 2010; Liptak and El Samara 2010). 

 

Spina Bifida has three main forms: 1) myelomeningocele (MMC), which is an open 

form of Spina Bifida in which a cyst containing tissue, cerebro-spinal fluid (CSF) and 

nerves and part of the spinal cord herniates and protrudes through the spinal cord 

and protective membranes surrounding it (meninges) in the infant’s back; 2) 

meningocele (MC), which is a closed spinal defect where only the meninges push 
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out of the opening; and 3) Spina Bifida occulta, in which the outer part of some of 

the vertebrae is not completely closed (Figure 1.1).   

 
Figure 1.1: Three main forms of Spina Bifida (Source: Shine 2016) 

 

MMC is the most severe and common form of Spina Bifida that occurs in 90% of 

Spina Bifida cases (Au et al. 2010). About 70% to 90% of children with MMC 

develop a complication called hydrocephalus and are dependent on a shunt for 

life (Battibugli et al. 2007). The shunt is inserted surgically in the brain to divert 

the accumulated CSF to a lower part of the body, either into the heart (ventriculo-

atrial) or into the abdomen (ventriculo-peritoneal), where it can be absorbed into 

the bloodstream (Shine 2016).    

 

With improved prenatal and perinatal care, and the advent of medical and surgical 

interventions such as treatment of hydrocephalus by shunt placement and the use 

of broad-spectrum antibiotics to control infection more children with Spina Bifida 

have survived into adulthood (Hunt 1997; Davis et al. 2005). However, these 

children remain at increased risk of brain defects (Fletcher 2004), and neurological 
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deficits such as incontinence and movement which may affect the individual 

capacity to interact (Peny-Dahlstrand et al. 2009; Sandler 2010). Some studies 

suggest that these children may have deficits related to cognition, behaviour, 

education, and adaptation (Fletcher et al. 2008; Fletcher and Brei 2010; Raghubar 

et al. 2015).  The exact cause of NTDs is unknown, but it has been shown that 

genetic, socioeconomic, and environmental risk factors increase the chance of 

being born with an NTD (Au et al. 2010). The lack of intake of folic acid before and 

after conception is shown to be having the strongest association with the 

incidence of NTDs (Beaudin and Stover 2009; Esmaeili et al. 2013; Atta et al. 2016).  

 

In a randomised study with double blinding conducted at 33 centres in seven 

countries, 1,817 women at high risk of having a pregnancy with an NTD because 

of a previously affected pregnancy were allocated at random into four groups: 

those receiving folic acid, those receiving other vitamins (A, D, B1, B2, B6, C and 

nicotinamide), those receiving both and those receiving neither. Analysis of the 

NTD outcome revealed a protective effect of 72% (Relative Risk (RR) 0.28, 95% CI 

0.12-0.71) in the group that received folic acid (with or without other vitamins) 

compared to the group that did not receive folic acid (MRC Vitamin Study Research 

Group 1991). The primary prevention of NTDs with folic acid has been enhanced 

through the introduction of mandatory food fortification with folic acid in some 

countries. For example, in the United States of America (USA), it became 

mandatory at the start of 1998 (Williams et al. 2015), although it is not yet 

mandatory in the United Kingdom (UK) or in Europe (EUROCAT Folic Acid Working 
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Group 2009). Recent estimates have shown that approximately 21% of NTDs could 

have been prevented in the UK from 1998 to 2012 had there been mandatory food 

fortification with folic acid (Morris et al. 2015). It is also important to understand, 

however, that while fortification of staple food with folic acid may reduce the 

occurrence of NTDs, it does not completely eliminate the chance of new cases 

given that genetic, social and environmental factors are also associated with NTD 

etiology (MRC Vitamin Study Research Group 1991).    

 

Prenatal detection of foetal CNS abnormality and resulting terminations of 

pregnancy was also shown to contribute to the decline of live birth children born 

with NTDs between 1964 and 1972 in England and Wales (Cuckle and Wald 1987). 

However, the elective termination of NTD-affected pregnancies is not available in 

Northern Ireland (The Abortion Act 1967). The 1967 Abortion Act, which 

liberalised the rules in England, Scotland, and Wales, was very recently extended 

to Northern Ireland in the beginning of 2020 [The Abortion (Northern Ireland) 

Regulations 2020]. This suggests that there will be a higher rate of live births 

presenting with Spina Bifida in Northern Ireland compared to other countries in 

the United Kingdom (UK). 

 

The live birth (LB) prevalence of Spina Bifida in Northern Ireland was 0.46 per 1,000 

births (2005-2012), which is nearly three times higher than the LB prevalence of 

0.16 per 1,000 births in England and Wales (2005-2012) (EUROCAT 2015; Public 

Health Agency (PHA) 2015). During the time-period of the study, the Republic of 
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Ireland (ROI) had similar legislation with Northern Ireland against abortion 

(Government of Ireland 1983) and the LB prevalence rate was just over twice the 

UK rate (0.37 per 1,000 births 2005-2012) (EUROCAT 2015). Given the similar 

legislation against abortion, the difference in the LB prevalence of Spina Bifida in 

Northern Ireland and Republic of Ireland may be related to difference in life events 

of people including elective termination of NTD affected pregnancies at places 

abroad with legalised abortion (NíAodha 2018) together with significant 

heterogeneity considered in the data systems across Northern Ireland and ROI 

(Gissler et al. 2010). As for the Republic of Ireland, the law has recently changed 

for Regulation of Termination of Pregnancy through the Thirty-Sixth Amendment 

of the Constitution Act (Amendment signed as Law by the President of Republic of 

Ireland on 18th September 2018) and legalised abortion. The Abortion (Northern 

Ireland) Regulations 2020 came in to force on 31 March 2020 [McCormack 2020; 

The Abortion (Northern Ireland) Regulations 2020]. This framework was given by 

Westminster but has not yet been implemented by the Stormont government 

(McCormack 2021). 

 

The child with Spina Bifida may require lifelong medical and social care, which puts 

a greater financial burden on both health and social care service delivery and their 

family than for typically growing children (Stevenson and Cate 2005). The direct 

lifetime cost of care for an infant born with Spina Bifida in the USA is estimated to 

be $791,900 after combining medical expenses, special education and 

developmental services, and the cost of parental time (Grosse et al. 2016). In the 
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absence of direct cost estimates for the UK, the estimated cost for Northern 

Ireland based on the figure for the USA is over £573,000 (US$ to GBP conversion). 

 

1.2 Health Care Policy in Northern Ireland 

The National Health Service (NHS), which is known as Health and Social Care 

(HSC) in Northern Ireland, is free at the point of delivery (UK Health Data 

Research Alliance 2019). The HSC also provides social care services including 

home care services, family and children's services, day care services and social 

work services. The Department of Health (DOH) has overall authority for the 

HSC. The HSC Board commissions and provides these services in Northern Ireland 

with service being provided by five HSC Trusts: Belfast (BHSCT), South-Eastern 

(SEHSCT), Southern (SHSCT), Northern (NHSCT) and Western (WHSCT). Belfast 

Trust (BHSCT) is the largest HSC Trust (UK Health Data Research Alliance 2019).  

 

People living with Spina Bifida in Northern Ireland can avail of health care services 

at all these five HSC Trusts mentioned above. In addition, the Spina Bifida, 

Hydrocephalus, Information, Networking, Equality (Shine) organisation, provides 

specialist support to anyone living with Spina Bifida and/or hydrocephalus and to 

families, carers and professional staff in England, Wales, and Northern Ireland 

(Shine 2016).  
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1.3  Treatment of Children with Spina Bifida and Related 
Comorbidities in GB/Northern Ireland 

All children born with open Spina Bifida (see Figure 1.1) will have undergone a 

planned surgery for repair of the spine within 48 hours of birth in the UK (National 

Health Service 2017). This surgery only corrects the opening of the spinal cord; it 

cannot repair nerve damage. In cases where hydrocephalus is also present in the 

infant/child, a common co-morbidity seen in almost 70% to 90% of cases of MMC, 

as discussed in Chapter 1 Section 1.1, a shunt is implanted to manage the 

appropriate fluid content in the brain (Battibugli et al. 2007) and is used for the 

rest of the child’s life. Failure rate in shunt placement is estimated between 40% 

to 50% and 70% of individuals with Spina Bifida and hydrocephalus require at least 

one shunt replacement during their lifetime (Drake et al. 1998; Drake et al. 2000; 

Tuli et al. 2000). Treatment is also required for the fractures associated with Spina 

Bifida which affect mobility and require physiotherapy management, and urinary 

catheterisation and colostomy for bladder and bowel problems respectively which 

are often common problems associated with Spina Bifida. Additional support is 

also available at school in the form of a special education needs co-ordinator 

(SENCO) (National Health Service 2017).    

 

1.4  Risk Factors for NTDs/Spina Bifida 

This section reports on risk factors associated with NTDs including Spina Bifida.  
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1.4.1  Folate deficiency in mothers 

Folates (found naturally in food) and folic acid (a synthetic substance) help make 

new cells in the human body, including the brain cells and the genetic material 

inside the cells called deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) 

(Czeizel et al. 2013). Epidemiological studies, especially those undertaken during 

the 1990s and early 2000s, have identified maternal folate status as a very 

important factor for the proper closing of the neural tube. Folic acid fortification 

initiatives in the population have been verified as having a protective effect on the 

occurrence of cases of NTDs globally. Moreover, maternal folate status has been 

shown to have the strongest association with reduction in the incidence of Spina 

Bifida in countries which have made mandatory fortification of folic acid on diet of 

women of child-bearing age (Sayed et al. 2008).  

 

Most abundantly found in a variety of leafy green vegetables, legumes, and nuts, 

foliate is an essential component of dietary safeguards to prevent Spina Bifida in 

newborns (Czeizel et al. 2013). Due to its lower bioavailability from natural foods, 

mandatory folic acid fortification programs are a must to prevent Spina Bifida. 

Folates are essential for the synthesis of purines, and thymidylate, essential for de 

novo DNA synthesis and mitosis/meiosis (Safi et al. 2012). Furthermore, folate co-

enzymes are also implicated in amino acid metabolism and DNA methylation (Safi 

et al. 2012).  
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Czeizel et al. (2013) have identified factors for NTD including personal history or 

medical history of NTD, maternal diabetes, antiseizure medication and mother’s 

folate deficiency. Maternal factors such as obesity or renal failure also trigger NTDs 

(Czeizel et al. 2013). Low folate intake, inadequate folate absorption, and loss 

through preparation methods leaves women of child-bearing age deficient in 

folate. When the neural tube closes by the twenty-eighth conception day i.e., the 

42nd gestational date (between 4 to 6 weeks), many women are not aware of 

pregnancy, precluding efficacy of folic acid post diagnosis (Safi et al. 2012). 

According to Safi et al. (2012), women of reproductive age must receive 0.4 mg of 

folic acid periconceptually and women at a higher risk for NTDs leading to Spina 

Bifida in the foetus must receive 4-5 mg of folic acid daily during the same period, 

starting a month before conception and continuing through the first trimester.  

 

A statistically significant reduction was found in the occurrence of NTDs post-

implementation of the folic acid fortification guidance on diet for women of child-

bearing age (12 to 49 years). The level of reduction varied across these countries 

(USA, Canada, Chile, and South Africa) and is presented in the Table 2.1. The 

differences in the reduction across countries may be because of other factors such 

as maternal and socio-economic factors contributing to this effect (Grewal et al. 

2009).   
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Table 1.1: Reduction in occurrence of NTDs post mandatory fortification of folic acid   

Country Year Reduction in occurrence of 
NTDs 

USA (Mills and Signore 2004) 1998 26% 

Chile (Castilla et al. 2003) 1999 to 2001 31% 
RR 0.69; 95% CI 0.48-0.97, 
p<0.012 

South Africa (Sayed et al. 
2008) 

2003 to 2005 30.51% 
RR 0.69; 95% CI 0.49-0.98; 
p=0.0379 

Canada (Persad et al. 2002) 1991 to 2000 54% 
RR 0.46, 95% CI 0.32-0.66; 
p<0.001 

Implementation year of the folic acid fortification in the country: USA in 1998, Chile in 
2000, South Africa in 2003, Canada in 1998. 
 
 

Table 1.1 shows the level of reduction in occurrence of NTDs following the 

mandatory fortification of folic acid on diet of women of childbearing age that 

ranged from 26% to 54%. Likewise, in a Randomised Controlled Trial, the 

recurrence of NTDs in new-borns born to mothers who had a prior NTD affected 

pregnancy was reduced by 72% (MRC Vitamin Study Research Group 1991). There 

is also no known health risk to women of childbearing age from consumption of 

food rich in folate or fortified with folic acid. Thus, folic acid intake before 

conception is understood globally as an inexpensive and effective method of 

primary prevention of NTDs yet it has been a missed opportunity in the UK (Morris 

et al. 2015).    

  

1.4.1.1 Understanding of maternal folate status and folate utilization 

While the correlation between NTDs and maternal folate intake is clear, the 

occurrence of Spina Bifida is not solely dependent on folate deficiency in mothers. 

Other genetic factors also lead to the formation of Spina Bifida and are 



11 
 

independent of maternal folate status, such as the gene nutrient interactions, 

illustrated in Figure 2.1 below (adapted from Beaudin and Stover 2009).   

 

 
 

Figure 1.2: Gene nutrient interactions in neural tube closure defects (Source: 
Beaudin and Stover 2009) 
 
 

Figure 1.2 shows the interaction between gene and nutrients in neural tube 

closure defects including Spina Bifida. It recognises the importance of the 

presence of optimal folate status together with optimal folate utilization to reduce 

the risk for NTDs, which is why mandatory fortification of folic acid on diet of 

women of child-bearing age cannot completely prevent the occurrence of NTDs 

(Beaudin and Stover 2009). 

 

The follow-up study post-mandatory dietary fortification with folic acid has also 

found that there was no further significant reduction in the birth prevalence of 

Spina Bifida in the US from 2003 to 2005 (Boulet et al. 2009). For instance, even 

when the advantage of folic acid intake before and during pregnancy is known, it 

Impaired Folate Status                                                              Impaired Folate Utilization 

-Primary Nutrient Deficiency                                                                                          -Secondary Nutrient Deficiency 

       ◌ Folate, folic acid                                                                                                             ◌ Vitamin B12, Vitamin B2 

-Genetic Variation                                                                                                             -Genetic Variation 

        ◌ Folate transport                                                                                                             ◌ folate metabolism 

        ◌ Folate accumulation                                                                                              ● purines 

                                                                                                                                              ● thymidylate 

                                                                                                                                              ● methionine (AdoMet) 

                                                                           NTD/Spina Bifida Risk                           ● glycin 
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does not always change behaviour in a population. The Centers for Disease Control 

(CDC) reported that 61% of women aged 18-24, 87% of women aged 25-34 and 

89% of 35–45-year-old women knew about dietary factors in preventing NTDs, and 

yet the proportion of those taking supplements containing folic acid in each age 

group was lower: 30% of women aged 18-24 years, 47% of women aged 25-34 

years and 40% of women aged 35-45 years (Centers for Disease Control 2008).   

 

1.4.2  Socio-economic status 

A population-based study (N=380) undertaken in the USA using data collected in 

the period following mandatory food fortification with folic acid (between 1997 

and 2000) reported an increased incidence of Spina Bifida (OR=2.0; 95% CI 1.3,3.0) 

in new-borns in households in the lowest socio-economic status (SES) area and in 

households where the mother had no more than a high school education (OR=1.7; 

95% CI 1.2,2.5) (Yang et al. 2007). The lowest SES index in association with the 

increased risk of birth defects like Spina Bifida suggests that it might be the 

coordinated effects of multiple risk factors instead of a specific one leading to the 

occurrence of Spina Bifida (Yang et al. 2007). The occurrence of Spina Bifida was 

also seen to be higher in households where both mother (although not significant) 

and father had operator/labourer jobs [(OR=1.2; 95% CI 0.9, 1.5) and (OR=1.7; 95% 

CI 1.2, 2.2) respectively] (Yang et al. 2007). Similar increased risks/incidences were 

reported in another study among households with low SES and low levels of 

maternal education and paternal and maternal employment (Grewal et al. 2009; 

Li et al. 2006). Lower education level in mothers is correlated with lower SES and 
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links to poor access to a well‐balanced diet that includes food rich in folate (Li et 

al. 2006; Wasserman et al. 1998; Wasserman and Holmbeck 2016).   

 

1.4.3  Maternal age 

A meta-analysis has reported that mothers who are aged over 40 years or under 

25 years have increased risk of having babies with Spina Bifida (Vieira and Taucher 

2005).  The decline in trend post-mandatory folic acid fortification in diet of 

women of child-bearing age was observed, yet occurrence of Spina Bifida affected 

pregnancies still remained higher (although not significant) among mothers under 

25 years of age (prevalence ratio pre and post folic acid fortification, 0.99; 95%CI 

0.67, 1.45) as compared to the mothers aged ≥30 years (Prevalence Ratio= 0.53; 

95%CI 0.33, 0.84) (Wasserman et al. 1998).  This suggests that the protective effect 

of folic acid was lower for the mothers under 25 years age than the higher age 

group than this. 

 

1.4.4  Ethnicity 

Boulet et al. (2009) reported that Hispanic women in the USA had a higher number 

of pregnancies affected with Spina Bifida than women in other racial/ethnic 

groups. Post mandatory fortification with folic acid, the prevalence of Spina Bifida 

fell by 19.8% (from 2.17 to 1.74 per 10,000 live births) among non-Hispanic black 

mothers (prevalence ratio = 0.80; 95%CI 0.67-0.96), while prevalence among 

infants with non-Hispanic white and Hispanic mothers remained nearly 

constant. However, another study undertaken in a county in California, USA found 

a higher risk of Spina Bifida in children born to non-Hispanic White mothers 
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relative to US-born Hispanic mothers (OR=1.8, 95%CI 1.1,3.1) (Carmichael et al. 

2008). It shows lack of agreement from the data that it cannot be ascertained if 

there is a higher risk of Spina Bifida in any given ethnicity, given the limitation of 

knowledge on combination of genetic and other maternal factors such as obesity 

(Boulet et al. 2009)  

 

1.4.5  Exposure to chemicals 

Mother’s residence close to an area (within 1000 meters) used with agricultural 

pesticides such as benomyl, methyl carbamate or organophosphorus pesticide has 

also been shown to be associated with an increased risk of NTDs by 1.5 to 3 times 

in single pesticide logistic regression model after adjusting for mother’s ethnicity, 

level of education, cigarette smoking and vitamin use (Rull et al. 2006). The higher 

prevalence is also seen among mothers with poor ventilation during heating 

(OR=3.91, 95%CI 0.75, 20.81) although not significant and less precise; who used 

analgesic and antipyretic drugs (OR=4.89; 95%CI 0.92, 25.97) and daily passive 

exposure to cigarette smoke (OR=1.60, 95%CI 0.94, 2.73) (Li et al. 2006). 

 

1.4.6  Family history of NTD/Spina Bifida 

A study undertaken in Germany on 257 children with Spina Bifida and 537 controls 

found that 22.9% of children with Spina Bifida had relatives with NTD, compared 

to only 6.4% of children in the control group (Angerpointner et al. 1990). 

Angerpointner et al. (1990) also reported that the risk of recurrence was 0.5% if 

one parent was affected and 4% if a sibling was affected. A study involving 254 

children with Spina Bifida in the USA reported 17.7% of these children had a 
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positive family history for NTDs; of these, 3.8% were first-degree relatives (Dupépé 

et al. 2017).  

 

1.5  Understanding of Decline in Occurrence NTDs/Spina Bifida due 
to Termination of Pregnancy 

There is also evidence of a decrease in live births presenting with Spina Bifida due 

to termination of pregnancy. Cuckle and Wald (1987) showed that the birth 

prevalence of anencephaly and Spina Bifida declined by 80% from 31.5 to 6.2 per 

10 000 births between 1964–1972 and 1985 in England and Wales, and 

approximately 31% of decline in births was attributed to prenatal detection of 

foetal central nervous system abnormality and terminations of pregnancy (Cuckle 

and Wald 1987). Similarly, Chan et al. (1993) reported a reduction in live birth 

incidence of Spina Bifida by 82% in South Australia from 1.12 to 0.20 per 1,000 

births between 1966 and 1991 (RR=0.18, 95% CI 0.06-0.52, p<0.0001). Chan et al. 

(1993) used data from the South Australian perinatal and abortion statistics, birth 

defects register and state maternal serum alpha fetoprotein screening programme 

to ascertain the total number of births and terminations of pregnancy affected by 

NTDs. All births and terminations of pregnancy affected by NTDs in 1966-91 (total 

of 1,058) were used for analysis. 

 

However, attributing decisions to terminate pregnancy is more challenging, due 

to the variety of cultures, government laws, policies, and regulations (Berer 2017). 

Meanwhile, termination of pregnancy is only recently available (31st March 2020) 

in Northern Ireland (The Abortion (Northern Ireland) Regulations 2020) and has 
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only been available for serious risk to the life of the mother since September 2018 

in the Republic of Ireland (Thirty-Sixth Amendment of the Constitution Act 2018). 

 

 

1.6  Understanding from Risk Factors for Occurrence of NTDs/Spina 
Bifida 

It is understood that there is no one single specific underlying cause of NTDs/Spina 

Bifida. That said, whatever knowledge is gained from research so far, Spina Bifida 

will continue to be a common NTD compatible with survival, although occurrence 

rate of Anencephaly is at similar rate as Spina Bifida, and these cases do not survive 

(Au et al. 2010). These findings suggest that it is essential to focus research 

attention on those people born and living with Spina Bifida, particularly with the 

aim of understanding how their condition progresses and affects them, not only 

in terms of the outcomes on medical conditions but also with regard to their 

neurodevelopment. This will help in order to develop evidence-based approaches 

to improve these outcomes at optimal time points and to facilitate their skills for 

timely independence in adulthood (Davis et al. 2006).  

 

1.7 Study Rationale 

All children need well-developed cognitive and behavioural skills to interact with 

the world in a positive way and achieve various goals in life (Armstrong 2018; Bong 

2012; Darling-Hammond and Bransford 2007). While concerns regarding the long-

term outcomes for children with Spina Bifida have been raised previously (Ewing-

Cobbs et al. 2003), these have been highlighted by the increasing rate of survival 
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among these children (Patel et al. 2019; Shin et al. 2012). The current study was 

proposed with an understanding that medical and social research on Spina Bifida 

should go hand in hand. Typically, the focus of attention and funding appears to 

be directed towards medical research and the survival of individuals with Spina 

Bifida (Fletcher and Brei 2010). However, it is important to recognise that the 

social and educational needs of individuals with Spina Bifida are pivotal to help 

inform evidence-based service delivery and preparation for adulthood 

(Woodhouse 2008). Evidence-based social care and interventions have been 

shown to be effective for improving intellectual development in children with CNS 

disorders like Spina Bifida (Blair and Raver 2014; Bruder 2010; Guralnick 1997, 

2005; Ramey and Haskins 1981; Robinson et al. 2014; Wenar and Kerig 2000). 

 

At present, there is a gap in our understanding of how Spina Bifida (including by 

its type and lesion level) and comorbidities such as; hydrocephalus, shunt 

malfunction and infection (Phillips et al. 2017), affect cognitive, behavioural and 

educational outcomes among children with Spina Bifida. The skills associated with 

the cognitive and behavioural domains and educational achievement are vital for 

functional independence. Therefore, these outcomes should be better 

understood when individuals with Spina Bifida are at an early age (Blair and Raver 

2016; Heffelfinger et al. 2008; Sawin 2017; Stubberud et al. 2014; Stubberud et al. 

2015). Shortfalls in these outcomes may help for referral to appropriate early 

intervention systems for evidence-based action. Timely support for any delays or 

difficulties in these three domains may help to optimize the potential in their later 
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grades in which poses higher demands for learning including speed and 

organisational ability and be more independent in their later life (Blair and Raver 

2016; Diamond and Ling 2016).   

 

From the review of available literature, it appeared that there is a lack of 

knowledge from a comprehensive investigation of cognitive and behavioural 

abilities and educational performance together in the population of children with 

Spina Bifida with a specific focus on their primary schooling age. The current study 

is intended to bridge this gap in the literature. The purpose of this study is to 

review the research that focuses on the cognitive, behavioural, and the 

educational attainment of children with Spina Bifida across the main stages of 

development. It is not known to what extent there are differences across these 

outcomes among children with Spina Bifida compared to other groups. A review 

of this nature has both theoretical and practical implications. It will allow for the 

development of theory to understand the setbacks that children with Spina Bifida 

experience across important periods of development. Through identifying these 

hurdles, researchers and practitioners can design and implement interventions 

that enable growth for this target population.  

 

There are two types developmental screening tools recognised to be used: i) 

directly administered by professionals from pathway of care, and ii) completed by 

parent/primary caretaker/teacher of the child. Although, directly administered 

tools are more comprehensive they take longer time to complete, and could be 



19 
 

more suitable to serve as a follow-up to the screening test report completed by 

parent/primary caretaker/teacher indicating any difficulties in the child (Glascoe 

2011, 2005; Hamilton 2006). 

Collaboration with parents/guardians and teachers using tools with systematic 

closed questions has been reported to be effective, competent, and inexpensive 

to detect shortfalls in child development as accurately as health professionals 

(Glascoe 2003; 2015; Glascoe and Marks 2011; Rydz et al. 2005). Another 

advantage of these tools is that they engage parents/guardian and teachers as 

active participants in the child's development as well as help to enable their 

relationship with people engaged in pathway of care for children (Hamilton 2006). 

Therefore, the study considered inclusion of parents/guardians and teachers for 

assessment of the outcomes in children and a systematic search for the suitable 

standard tools to use.  Northern Ireland was a suitable country in which to conduct 

this research because it has the highest rate of live births with Spina Bifida in the 

United Kingdom and Western Europe enabling potential access to a large sample 

of children (Public Health Agency (PHA) 2015; EUROCAT 2015).  

 

1.8  Aim and Objectives 

The aim of the study was to investigate the effect of Spina Bifida on cognitive, 

behavioural, and educational outcomes in 5-11-year-olds in Northern Ireland.  

The study had the following objectives: 
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• To investigate cognitive outcomes of children aged 5-11 years born in 

Northern Ireland with Spina Bifida and those of their typically developing 

matched peers using parent- and teacher-administered assessment. 

• To investigate behavioural outcomes of children aged 5-11 years born in 

Northern Ireland with Spina Bifida and those of their typically developing 

matched peers using parent- and teacher-administered assessment. 

• To investigate educational outcomes of children aged 5-11 years born in 

Northern Ireland with Spina Bifida and those of their typically developing 

matched peers using teacher-administered assessment.  

• To quantify the risk of differences in cognitive, behavioural, and educational 

outcomes in children with Spina Bifida aged 5-11 years compared to the 

outcomes in their typically developing matched peers. 

• To compare the scores of children for Behaviour Rating Inventory of Executive 

Functions (BRIEF-2) from parent and teacher assessment with the available 

US standardised norms. 

 

1.9 Structure of Thesis 

The following sections include a review of the current literature relating to the 

developmental outcomes in children with Spina Bifida (in Chapter 2). Specifically, 

the review was focused on child’s cognitive and behavioural abilities and 

educational performance. Chapter 2 also presents the theoretical framework used 

in this study. Chapter 3 presents the methodology adopted in the study, together 

with the descriptions of the data collection process and tools used. Finally, Chapter 
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4 presents the results, Chapter 5 presents reflection from parents/guardians for 

this study, and Chapter 6 provides a discussion of conclusions, clinical implications, 

and future directions.  
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Chapter 2: Literature Review 
 
 

2.1  Background 

This chapter discusses about Executive functioning (EF) and relates it with 

cognitive, behavioural, and educational outcomes in children with birth 

defects like Spina Bifida. The information is provided to enable an 

understanding of how children with spina bifida may have difficulties in 

specific executive functioning tasks. The chapter also provides the literature 

search strategy, followed by a review and critique of research that has 

examined the cognitive, behavioural, and educational outcomes of children of 

primary school age (5 to 11 years). Following a critical review of current 

relevant literature, the chapter identifies the existing gaps in the literature and 

explains how this cross-sectional study helps to bridge this gap. The chapter 

concludes with a justification for the chosen theoretical framework for the 

study that helps explain various factors affecting child outcomes relevant to 

children with spina bifida. It also describes how the literature review is 

connected to the social-ecological model of adjustment (Bronfenbrenner 

1979; 2005), which is a key theoretical framework for this study.  

 
 

2.2 Profiles of children diagnosed with Spina Bifida 
 

Spina Bifida is a rather common neuropsychological birth disorder affecting 

the central nervous system (Fletcher and Brei 2010). It has been associated 

with a set of psychosocial difficulties of varying severities. Wasserman and 

Holmbeck (2016) sought to understand whether there was a pattern in Spina 
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Bifida’s diverse populations, presentations and outcomes.  For this purpose, 

they conducted a comprehensive cluster analysis on children with Spina Bifida. 

They chose a diverse battery of neuropsychological tests as dependent 

measures. These were spread across the following areas of functioning: 

Intelligence; Academic Achievement; Attention/executive functioning; Social-

emotional processing; and Social-Contextual Language. Although they did not 

elaborate extensively on the reasons for choosing tests for these specific areas 

of functioning, it seems reasonable to posit that these were areas which had 

been found to be affected in this population.  They also took into 

consideration four functional outcomes (independence, academic success, 

expectations for the future, and quality of life); and the following independent 

sociodemographic factors: lesion level, number of shunt surgeries, history of 

seizures, age, ethnicity, socio-economic status, and family stress.  

 

Three clusters, i.e., profiles were detected and described. The first, “low 

average to average” (Wasserman and Holmbeck 2016, p.809), included 

children with lower results is every measure except: “reading, verbal sustained 

attention, and social-emotional processing” (p.809). The second, “extremely 

low to borderline” (p.809), included children with low to borderline results in 

every measure. Finally, the third cluster, “broadly average with verbal 

strength” (p.809) had average results on assessments of “non-verbal 

intelligence, math achievement, executive functioning, social-emotional 

processing, and social-contextual language” (p.809). Overall, these results 

suggested that SB have at best an average performance, and they the areas 
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which seem less affected are social-emotional processing (first and third 

clusters). Additionally, there seems to be a cluster with more average 

nonverbal abilities, and another with more average verbal abilities.   

 

Wasserman and Holmbeck (2016, p.813) concluded that by suggesting that 

“neuropsychological profiles were associated with functional outcomes, 

providing support for the utility of neuropsychological assessments in 

determining how a child with spina bifida might perform in school or how 

independent they might become in the future.” 

 

These results showed how children diagnosed with SB show diverse difficulties 

with functional impact. Nevertheless, in that several socio-demographic 

indicators were found to affect cluster formation, they also indicated that 

social interventions may be effective at minimizing the impact of the disease, 

as Diamond (2016) equally suggested.  

 

2.3 Executive functioning 

Executive functioning (EF) is a top-down control system that regulates lower-

order brain functions (e.g., sensory perceptions, short-term memory, 

language, and motor skills) and manages goal-directed, future-oriented 

behaviours (Spear 2010). EFs form the neurocognitive basis of self-regulation 

and represent the ability to organize a sequence of actions toward a goal 

(Fuster 2014). EFs are not only an important component of self-regulation 

(Moffitt et al. 2011) but also applied across a wide range of daily life activities 



25 
 

(Diamond 2013). EFs help to maintain problem specific information active in 

our working memory, ignore distracting information, and inhibit responses 

that impede task relevant goals (Diamond 2013). 

 

There is no straightforward consensus regarding the distinct process of the EF 

system (Spear 2010). Four related problems exist in EF. First, there is neither 

a straightforward consensus nor an explicit operational definition of the term 

that can simply, clearly, and efficiently determine which mental functions can 

be considered executive in nature and which ones cannot. There are many 

definitions out there trying to define what executive functioning is, e.g., 

executive function is the ability to maintain an appropriate problem-solving 

set for attainment of a future goal (Welsh and Pennington 1988). 

 

Welsh and Pennington (1988) trying to specify the components of EF, support 

that EFs are a) an intention to inhibit a response or to defer it to a later more 

appropriate time; b) a strategic plan of action sequences; and c) a mental 

representation of the task, including the relevant stimulus information 

encoded in memory and the desired future goal-state. Lezak (1995) described 

executive functions as having four components; 1. Volition, 2. Planning, 3. 

Purposive action, and 4. Effective performance. Another one of the many 

definitions out there, from Baddeley (1986) describes executive functioning as 

the mechanisms by which performance is optimized in situations requiring the 

operation of several cognitive processing. Finally, Roth et al. (2005) describe 

executive functioning as a set of regulatory processes necessary for selecting, 
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initiating, implementing, and overseeing thought, emotion, behavior, and 

certain facets of motor and sensory functions.  

 

When definitions are too vague, they leave considerable opportunity for 

misinterpretation. This problem leads to the second. How can we assess EF? 

If the term is not defined operationally then anything goes; any measure or 

test can be declared to be executive in nature by mere assertion alone 

(Eslinger 1996). For example, tasks that are similar to tasks assessing 

nonverbal working memory may be considered as EF, which in reality they are 

not. Lack of a clear definition has led to the development of many 

psychometric tests, that lead to the first problem, the absence of an 

operational definition. The third problem comes in, as with lack of clear theory 

we cannot address questions such as, what are EFs? How do they work? What 

do they do? This leads to the fourth problem, not being able to understand 

the purpose and how they work.        

            

Best and colleagues (2009) identified at least 15 components and argued that 

four specific components from earlier research likely develop at different rates 

and in the following sequence: 1. Inhibition, 2. Working memory, 3. Shifting, 

and 4. Planning. It is questionable how the above are often classified as EF but 

speech and language, emotion, motor speed and coordination and visual-

spatial perception are not in the same category. Going back to the second 

problem, the lack of an operational definition, it seems that psychometric 

tests do not capture much of what is considered to be the essence of EF or its 
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important features, most of the times due to being unreliable and invalid 

(Lezak 2004). This has been seen repeatedly in studies of these tests in 

comparison to systematic observations, structured interviews, or daily self-

care and adaptive functioning, and to behavior ratings of EF in adults (Chaytor 

et al. 2006; Mitchell and Miller 2008). However, research shows that 

deficiencies in EFs are related to abnormalities in attention, working memory, 

long-term memory retrieval, planning, temporal integration of memory and 

goal, decision making, monitoring, and inhibitory control (Fuster 2002, 2014). 

Thus, EFs may be divided into four types: attention, working memory, 

inhibitory control, and goal-directed regulation (e.g., goal setting/planning, 

self-monitoring, and decision making/problem solving). These processes are 

interrelated, and some or all these processes act synergistically to maintain 

and conclude a goal-directed behaviour (Fuster 2014). 

 

Successful execution of actions toward short-term goals requires attention 

control, working memory, and inhibitory control that are functional. Attention 

control is one of the basic EFs and represents the ability to focus on the 

processing of a specific information, excluding all others (Fuster 2014). Some 

aspects of attention control include alertness, set shifting (i.e., shifting 

attention according to the action being enacted), and interference control 

(i.e., ability to resist inference against ongoing attentional focus). Inhibitory 

control represents the ability to suppress any internal or external influence 

that may interfere with the currently ongoing sequence of actions, and 
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working memory represents the ability to retain information pertinent to a 

task in short-term memory and use that information to perform that task. 

 

Execution of actions toward long-term goals requires related but more 

complex cognitive functions such as goal setting/planning, self-monitoring, 

problem solving/decision making. Planning represents the ability to utilize 

information obtained from selective retrieval of long-term memory, such as 

memory of past actions, for the anticipation of future events. Planning 

provides a conceptual scheme for the execution of a goal-directed behaviour 

and based on the anticipation of consequences, lays out the order of 

prospective actions. Reasoned decision making involves choosing an action 

after rationally evaluating the potential risks and rewards associated with its 

outcomes (Gerrard et al. 2008). Successful execution of goal-directed 

behaviours also depends largely on the ability to self-monitor. Monitoring 

enables one to assess the discrepancies between one’s actions and one’s 

goals, thus creating feedback which allows one to correct subsequent actions 

(Carver and Scheier 1981). 

 

Brain organization  

Although evidence from neuroscience indicates that the development of EFs 

is mediated primarily by the most anterior region of the brain—the prefrontal 

cortex, executive functions are now accepted to be associated with different 

regions of the frontal lobes (Stuss et al. 2002; Koechlin et al. 2000) as well as 
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distributed over a wide cerebral network which includes subcortical structures 

and thalamic pathways (Lewis et al. 2004; Kassubek et al. 2005; Monchi et al. 

2006). Both the frontal and posterior associative cortices (Collette and van der 

Linden 2002) have been suggested to mediate functions of the executive 

system. In a meta-analysis by Wager and Smith (2003) different executive 

processes seem to be associated with specific cerebral areas. For example, the 

superior frontal cortex is activated when information must be updated and 

when memory needs to be maintained, while manipulation of information 

necessary to perform a dual task most frequently activates the right inferior 

prefrontal cortex. Stuss et al. (2002) suggested an anatomically and 

functionally cognitive architecture of the frontal lobes, where the right 

dorsolateral frontal area was found to be involved in monitoring behaviour 

while the left dorsolateral (DL) area is involved in verbal processing. Both the 

right and left DL frontal areas as well as the superior medial frontal lobe seem 

to be engaged in tasks that necessitate cognitive switching, while the inferior 

medial frontal area seems to mediate certain aspects of inhibitory processes 

of behaviour. In reviews, the importance of neural circuits comprising the 

frontal lobes, the basal ganglia and the thalamus for performance on 

executive tests are evident (Royall et al. 2002). Specifically, the researchers 

have identified the dorsolateral prefrontal circuit, believed to be involved in 

planning, goal selection, working memory, set-shifting, and self-monitoring; 

the lateral orbitofrontal circuit, associated to risk assessment and the 

inhibition of inappropriate behavioural responses; and the anterior cingulate 

circuit functions in monitoring behaviour and self-correcting errors. 



30 
 

Furthermore, unity vs non-unity has also took the attention of studies, 

especially those involving neuroimaging. Using positron emission 

tomography, researchers found that common areas of the brain were 

activated by three different executive functions (updating, shifting, and 

inhibition) and included the posterior regions of the left superior parietal gyrus 

and the right intraparietal sulcus (Collette et al. 2002). Both anterior and 

posterior areas were activated by the updating processes, while shifting 

processes activated the parietal lobe and the left middle and inferior frontal 

gyri, and the right orbitofrontal gyrus was activated by the inhibitory 

processes. The above findings display that the unity of the brain is necessary 

for optimal performance on executive tasks (Stuss and Alexander 2000). 

Furthermore, it is showing that although some parts might affect behavior, 

they depend on the information they receive from other parts (Anderson et 

al. 2001b).  

 

Development of EFs 

The timing of rapid change and age of full maturity vary by EF component (Best 

and Miller 2009). This variation includes differences in the developmental 

trajectories of EFs, where one function, such as working memory, reaches 

adult-like levels by 12 years of age, whereas another—cognitive flexibility—

continues to develop until 15 years of age (Huizinga et al. 2006).  
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A big part of the difference between children and adults stems from EFs, which 

is also responsible for the differences between the stages of development of 

children (Denckla 1996). For example, infants are related to stimulus, 

therefore they react to the present and to events in their immediate 

surroundings. In the contrary, older pre-schoolers have the capacity of 

thinking about the past and planning for the future, as well as representing 

multiple aspects of a problem and choosing the best alternative of action 

(Zelazo et al. 2004). Executive functions seem to improve sequentially through 

childhood, and this improvement seems to coincide with growth spurts in the 

maturation of the frontal lobes in certain periods which include the periods 

between birth and 2 years of age, 7 to 9 years, and 16 and 19 years of age (in 

Anderson et al. 2001b). The frontal lobe, therefore, seems start to grow from 

childhood and into early adolescence (Fuster 2002). Executive development 

does not appear to occur in a homogenous fashion and different executive 

abilities have been shown to have different developmental trajectories, with 

certain executive components not reaching adult competency until late in 

adolescence (Carlson et al. 2013; Passler et al. 1985).  

 

Attentional Control  

Attentional control is a component of executive function that includes 

selective attention, sustained attention and response inhibition (Anderson et 

al. 2002). It has been assessed in infants using the Piaget an A-not-B task or 

delayed response task (Diamond 2002; Piaget 1954; Zelazo and Frye 1998). 

Diamond and Goldman-Rakic (1985, 1989) found that infants of 9 months of 
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age are not able to succeed in this task, but that this difficulty is overcome by 

the age of 12 months. By the age of 12 months, infants are able to inhibit 

overlearned responses of reaching for A and switch to a new response set. 

Passler et al. (1985) further suggested that by age 10 the child’s ability to 

inhibit attention to irrelevant stimuli, as well as to avoid perseverative errors, 

was complete with mastery of these skills evident at 12. Marked 

improvements in inhibition tasks such as the Stop/Signal and Go/No Go tasks 

have been found between a young group (6–8 years) and an older group (9–

12 years) with no additional advancements during adolescence (Best and 

Miller 2013; Levin et al. 1991; Williams et al. 1999). Similar results were found 

by Brocki and Bohlin (2004) who reported the greatest developmental 

advances in the inhibition components of executive functioning using the 

Continuous Performance Test (CPT) occurring between the ages of 8 and 12. 

Welsh et al. (1991) argue for a differential development of executive abilities 

and suggest that the ability to resist distraction is the first executive skill to be 

acquired around the age of 6, reaching adult levels of impulse control around 

10 years of age. Studies investigating the progression of executive functions 

through adolescence have demonstrated an increased attentional capacity 

and speed of processing during this period while others suggested the 

possibility of a growth spurt in these areas around the age of 15 (Anderson et 

al. 2001a). 
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Planning  

Planning is a multifaceted activity that involves the identification and 

organisation of the steps and elements needed to achieve a goal and required 

complex cognitive demands (Grafman 1999; Lezak et al. 2004). Research 

found that children as young as 3 years old are able to construct different 

types of verbal plans, such as planning for familiar events, while children of 7 

to 11 years old show strategic behavior and reasoning abilities leading to more 

organized and efficient planning (Levin et al. 1991; Hudson et al. 1995). 

Although planning seems to develop mostly between the ages of 5 and 8, it is 

believed that it is one of the last abilities developed by children (Welsh et al. 

1991; Anderson et al. 1996; Romine and Reynolds 2005).  

 

Set Shifting  

Set shifting refers to the ability to switch rapidly between different response 

sets (Anderson 2002). It has been suggested that this ability develops in 

children between the ages of 3 and 5 when using simple switching tasks (Espy 

1997). As the rules increase in complexity, however, the child will show more 

errors in flexibility. Zelazo and Frye (1998) developed the theory of Cognitive 

Complexity and Control and pointed out the development of rules in early 

childhood, as an important part of executive functioning. According to this 

theory, 3-year-old children can hold one set of rules in mind during a task but 

they are not capable of holding more than one set of rules and cannot switch 

from one set of rules to the other Other researchers, however, suggest that 

children around the age of 7 still struggle with sorting tasks when they have 
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to maintain multiple dimensions in mind and switch between them (Anderson 

et al. 2001b). This ability improves considerably between the ages of 7 and 9 

and continues to improve until adolescence (Anderson 2002; Zelazo and Frye 

1998).  

 

Verbal Fluency  

Verbal initiative and productivity are components of executive function that 

are frequently tested by using verbal fluency tasks which require the subject; 

a) to retrieve words that begin with a particular letter of phoneme and b) 

name words that belong to a particular category (Lezak et al. 2004). To 

successfully perform on word fluency tasks, executive functions such as 

inhibiting words that do not conform to the rules of the task are required 

(Anderson et al. 2002). Research spotted an important milestone around the 

ages of 8 and 12 years that seems to flourish significant improvement in verbal 

fluency (Brocki and Bohlin 2004).  

 

In summary, all the above mentioned EFs develop with age during infancy and 

childhood. The sequence of development of executive functions, however, is 

not the same, with the first to emerge, being attentional control in the first 

year, followed by planning and set shifting at the age of 3 and finally, verbal 

fluency. All functions continue to develop until adolescence and have been 

found to be related to the maturation of the frontal lobe and its associations 

with other brain areas.  
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Models and Theories of Executive Function and Brain Organization  

Various influential models and theories of executive function have been 

proposed in an effort to integrate the control processes of the frontal lobe 

into a coherent framework. Baddeley and Hitch (1974) proposed a model of 

working memory that included a phonological loop, a visual spatial sketchpad 

and a central executive responsible for the control and regulation of cognitive 

processes (Baddeley 2002), such as planning and organization of information 

(Hobson and Leeds 2001). The phonological system includes a phonological 

store that is able to hold information for about two seconds and an 

articulatory loop which maintains the information through rehearsal 

(Baddeley 1986). The central executive, on the other hand, is a system of 

attentional control able to focus and switch attention, but without a storage 

capacity (Baddeley and Logie 1999). Working memory processes have been 

known to be mediated by the prefrontal cortex (Eldreth et al. 2006) with the 

DL prefrontal areas being engaged the most during mental manipulation of 

information (D’Esposito et al. 1999). Lesions studies have also demonstrated 

that activation of the superior prefrontal gyrus is triggered by high levels of 

executive processing (i.e., complex working memory tasks) (Boisgueheneuc et 

al. 2006). The idea of a “central” executive is sometimes understood as 

proposing a homuncular nature of executive functioning (Zelazo and Muller 

2002), but according to Baddeley (1998) this component of working memory 

does not reject the possibility of a fractionality of the executive with 

subprocesses that could be (and have been) mapped anatomically (Baddeley 

2002). Another criticism is that the model does not allow functional relations 
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among aspects of executive functions, such as planning and self-perception 

(Zelazo and Muller 2002). Despite its limitations, the working memory model 

proposed by Baddeley has become one of the most prominent frameworks for 

the study of executive functions from a cognitive perspective (Miyake et al. 

2000).  

 

Norman and Shallice (1986) discuss the control of information processing, 

which is another significant paradigm in the literature. Their concept 

incorporates a Supervisory Attentional System (SAS), which is essential for 

circumstances requiring future planning, decision-making, and coping with 

novel stimuli. The difference between automated (routine) and regulated 

(non-routine) activities is a key feature of this approach. Automatic activation 

of some behaviours, such as reading, is insufficient for optimal performance 

in settings requiring planning and decision-making, error correction, new 

action sequencing, or overcoming technical difficulty or strong habitual 

reactions (Shallice and Burgess 1991). A supervisory mechanism, considered 

to be situated in the prefrontal cortex, is required for the execution of these 

regulated activities (Shallice 2002). Some researchers, however, believe that 

this difference between controlled and automatic processes is insufficient for 

describing executive functioning. For example, Stuss and Alexander (2000) 

agree that an SAS is made up of separate elements, but they dispute the 

usefulness of a two-level paradigm (controlled vs automated) in favour of 

many levels of control. Stuss (1992) hypothesized the gradual evolution of 
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three levels of monitoring in humans, mediated by the frontal lobes. The first 

level consists of daily actions that are performed repeatedly, are automatic, 

and have been overlearned. The operations of the subcortical systems are 

thought to be reflected in these processes (Slattery et al. 2001). The second 

level includes executive and supervisory functions which construct 

information to organize goal-directed behavior. The third and highest level of 

processing is awareness of oneself and the environment. It is suggested that 

connections between the frontal lobe and the limbic and posterior cortical 

regions mediate the executive and supervisory functions, while self-

awareness is associated to the prefrontal area (Slattery et al. 2001). 

Furthermore, to achieve a goal directed action, the prefrontal cortex must 

combine information from the subcortical structures and other areas of the 

neocortex (Fuster 2002). Attention, preparatory task set, response monitoring 

and working memory are the four cognitive components that are partially 

controlled by the prefrontal cortex. These cognitive components have been 

associated with functions that enable the maintenance of information 

pertaining to a goal and the preparation to act in anticipation of events 

(Barkley 1997). On the other hand, Zelazo et al. (1997), believe that executive 

function is a complex process, with executive subfunctions that work together 

to accomplish the higher-order function of solving problems and consists of 

problem representation, planning, execution and evaluation. According to 

Zelazo and Muller (2002), executive function, cannot be represented 

exclusively in the prefrontal areas, but require the cooperation of other brain 

areas as well. In summary, some hierarchical cognitive models (i.e., Baddeley’s 
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working memory model and Normal and Shallice’s SAS model) support the 

existence of a central executive that manages more complex levels of 

functioning and that reflect prefrontal activity. Other models such as Fuster’s 

perception-action cycle suggest that the role of the prefrontal cortex is to 

expand the temporal perspective of the system rather than be an executive 

interpreter (Fuster 2002), while others like Zelazo et al. (1997) reject the 

approach of the uniqueness of the frontal lobe in the control of executive 

functions. In the following sections, these models are presented in detail. 

 

2.3.1 Norman and Shallice’s attention to action model 

Norman and Shallice’s (1980; 1986) frameworks is one of the first to be 

equated with EF. It explores the role of attention in the control of action. 

Hence, in broad strokes, this line of research proposes that EF amounts to the 

management of attentional resources for the performance of a task.  

 

Norman and Shallice discriminated automatic from deliberate actions. The 

former would be performed without engaging, in any deliberate form, 

attentional resources, working seamlessly, without causing interference with 

other activities. In contrast, deliberate actions would require the purposeful 

engagement of attentional resources and caused interference with the 

performance of other tasks. Examples include “decision-making, planning or 

troubleshooting” (Anderson 2008, p.7) or problem-solving. While engaged in 

these activities, people have difficulties multi-tasking. A parallel can be 

established between implicit and explicit memory processes. As summarized 
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by Schacter (1987, p.502) “implicit memory is revealed when previous 

experiences facilitate performance on a task that does not require conscious 

or intentional recollection of those experiences; explicit memory is revealed 

when performance on a task requires conscious recollection of previous 

experiences.”  

 

In either type of automatic and deliberate action, attention (and, thus, EF) is 

involved, albeit in different manners. For Norman, and Shallice, these 

differences in attention could be explained through cognitive structures. 

Whereas familiar and simple tasks culminated in the creation of cognitive 

schemata, the schemata of novel or complex tasks would be either inexistent 

or harder to form. Simultaneous tasks, such as breathing, walking and talking 

on the phone at the same time, could be performed with interfering with one 

another when their schemata had been formed, were available, and 

demanded little attention allocation. 

 

Their model of the relationship between action and attention is illustrated in 

Figure 2.1 below. Most of its components or processes seem rather intuitively 

labelled. The environment represents the source of stimuli which interacts 

with sensory channels, prompting responses. These trigger the recollection of 

past experiences, both implicitly and explicitly. Finally, at the end of the 

process, there is action, or the response that results from the enactment of 

each one of these processes. 
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Figure 2.1 The role of attention in the control of action: Norman and Shallice’s 
model (1986). Creative commons. 

 

Less intuitively labelled processes, and those which are concerned with the 

control of action, and as such EF, include the contention scheduling process.  

This component would manage automatic actions. I.e., it would schedule the 

implementation of available schemata for the completion of one or more 

automatic actions, while inhibiting interferences with their performance. On 

the other hand, the Supervisory Attentional System (SAS) would distribute 

attention, on a moment-by-moment basis, to the tasks at hand.  

 

According to Anderson (2008; 2010), SAS “exerts an executive function to deal 

with novel and non-routine tasks”, working in a problem-solving kind of 

manner. Additionally, SAS comprised three stages and multiple processes that 

rely on prefrontal cortical activity. The first stage, also called ‘strategy 

generation’, is about constructing temporary schemata for performing novel 
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situations. During the second stage, temporary schema is made cognitively 

available, through working memory, and implemented. The third stage is 

about monitoring the actual implementation of schema and adapting the 

temporary schema when implementation difficulties are encountered. 

Simultaneously, five independent supervisory processes occurred during the 

progression of these stages (Anderson 2008): schemata energization; 

schemata inhibition; contention schedule adjustment; schemata activity 

monitoring; and control of logical ‘if-then’ processes.  

 

2.3.2  Barkley’s self-regulation model 

Russell Barkley (2012, p.60), equates EF with self-regulation, in its self-control 

sense. As he explained, he takes: 

‘as my starting point the definition of executive function as self-regulation (…), 

as those self-directed actions needed to choose goals and to create, enact, 

and sustain actions toward those goals’.  

 

In Barkley’s (2012; 1997) understanding, EF, i.e., self-regulation ultimately 

aimed at changing the likelihood of future events. For example, a child 

increases the tone of voice to increase the odds of being noticed. This is 

precisely at the core of Bateson’s (1972) famous definition of learning. Hence, 

in Barkley’s view, the aim of self-regulation is learning, and specifically 

learning about the consequences of one’s actions.  
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Barkley (2012, p.81) claimed that EF was formed by “six” self-directed, 

purposeful, mechanisms, ranging from self-awareness, a sine qua non 

condition for the performance of any kind of self-directed act,  to self-

restraint, which involved sustaining automatic reactions and interference with 

the goal-directed action. Yet, these ‘six’ components were not objectively 

described or operationalized. Nevertheless, his brief summary of the skill 

seemed sufficiently clear: “for a goal-directed behaviour to arise, attention 

must be shifted away from the moment (…) and toward the self”, its 

prospective actions and their conjectural consequences, all while inhibiting 

any automatic reaction or disruption (Barkley, 2012, p.82). Additionally, this 

self-regulatory mastery evolved through equally six hierarchical levels: pre-

executive; instrumental/ self-directed; methodical/ self-restraint; tactical/ 

reciprocal; strategic/ cooperative; and extended/ utilitarian.  

 

This model is derivative of earlier theoretical perspectives, such as those 

proposed by Bronowski (1977) and Fuster (1995). These comprised four 

primary EF domains, namely working memory, self-regulation, speech 

internalization and reconstitution. It is most commonly used to understand 

frontal pathologies or executive dysfunctions (e.g., Coffman 2014). The scale 

developed to assess these dysfunctions yielded “five factors: self-

management of time, self-organization/problem solving, self-restraint or 

inhibition, self-motivation, and self-regulation of emotion” (Coffman 2014, 

p.5).   
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In sum, at the core, this model proposed that “EF is self-regulation and 

behavioural inhibition is essential to its performance” (Antshel et al. 2014), 

serving, as Bandura noted, the realization of social and personal goals.  

 

2.3.3 Zelazo et al.’s problem-solving framework 

Zelazo and colleagues (e.g., Zelazo et al. 2003; 1997) developed a framework 

which was, since its beginnings, a clinical neuropsychology approach. It sought 

“to characterize a diverse set of processes impaired by damage to prefrontal 

cortex in adults” (Zelazo et al. 1997, p.198). Looking at the functioning of 

individuals with, and without damage to this area, they proposed that this 

area was responsible for a “complex activity” (p.199) known as EF. As 

portrayed by the authors, this initially was “a domain-general cognitive 

function” (Hongwanishkul et al. 2005, p.618) responsible for “the control of 

thought and action” (Zelazo et al. 1997, p.200). Its ultimate objective would 

be accomplished in a step-by-step manner, through the following functionally 

and temporally distinct phases: representation of the problem; planning 

problem resolution; executing the plan; and evaluating results (Zelazo et al. 

2003). 

 

Subsequently, Zelazo and colleagues moved beyond the exploration of 

complex cognitive control tasks (e.g., Zelazo et al. 2003), expanding the theory 

to explore emotional aspects, supposedly localized in the “ventral and medial 



44 
 

regions of prefrontal cortex” (Hongwanishkul et al. 2005, p.618), to difference 

degrees, in accordance with the circumstances. Emotional EF was then named 

‘hot EF’, and contrasted, in measures and meaning to, ‘cold EF’. 

Developmentally, cold EF seems to require mental flexibility, and be acquired 

around the four years of age (Hongwanishkul et al. 2005; Zelazo et al. 2003). 

 

Finally, most recently, Zelazo, Blair and Willoughby (2016, p.1) ended up 

surpassing the step-by-step, problem-solving approach to EF, and cognition-

emotion dichotomies. Instead, they claimed that: 

 

‘Executive function (EF) skills are the attention-regulation skills that make it 

possible to sustain attention, keep goals and information in mind, refrain from 

responding immediately, resist distraction, tolerate frustration, consider the 

consequences of different behaviours, reflect on past experiences, and plan 

for the future’. 

 

As made explicit in the definition above, Zelazo’s line of research seemed to 

get closer to that Norman and Shallice’s (1986), with their interest in attention 

management processes, and that of Barkley, who was interested in self-

regulation-as-self-control. Indeed, they ended up claiming that EF was a set of 

‘attention-regulation skills.’ 
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2.3.4 Anderson’s Executive control system model 

Anderson (2002; 2008; 2010) derived his framework from developmental 

neuropsychological literature, being largely influenced by developmental and 

factor analytic studies. The latter studies inspect replies to surveys about EF 

skills and identify y how the items converge hierarchically, from the lowest 

level of items to the highest level of empirically reliable sets of items. The 

presumption is that the identification of different higher-order factors 

translates the existence of independent EF domain, skill, or process.  

 

Several different measures have been used to assess slightly divergent EF 

constructs, and several factor hierarchies have been found. For example, the 

factorial analysis of replies to the “dysexecutive survey” (Anderson, 2008/10, 

p.183) detected three factors, which the investigators coined behaviour, 

cognition, and emotion. Some of their lower-order skills were “inhibition, 

intentionality, executive memory, emotions” (Anderson, 2008/10, Table 8.1, 

p.184)  

 

The result of Anderson’s work was an empirically informed model, coined 

‘executive control system’ (Anderson, 2008/10, p.15). It conceptualizes EF as 

an overall control system comprising four independent domains. These 

develop along the lifespan and share task-dependent bidirectional inter-

relationships. These are:  cognitive flexibility, information processing, goal 
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setting and attentional control (Anderson 2008). Figure 2.2 illustrates this 

model, offering examples of the skills involved in each domain. 

 

 

Figure 2.2 Anderson's executive control system model of executive 
functioning. Adapted from Anderson, P.J. (2008/2010). Towards a 
developmental model of executive function. In Anderson, V., Jacobs, R., and 
Anderson, P. J. (Eds.). Executive functions and the frontal lobes: A lifespan 
perspective (3-21). NY, NY: Psychology Press. 

 

As implicit to what has been described up until this point, diverse empirical 

measures and EF frameworks have been developed. Some of these were 

reviewed extensively for developing the model in Figure 2. Despite this, 

Anderson described his model as more conceptual than theoretical or 

empirical, “accounting for numerous impairment patterns considered 

executive (…) and providing structure or template for the assessment of” 

(Anderson 2008, p.18) EF. Its distinctive aspects include marking cognitive 

flexibility as a “principal component of executive functioning” (p.17) and 
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offering “information processing as a distinct executive domain, rather than 

classifying it as an ‘ingredient’ function” (p.17) or lower-order skill.   

 

2.3.5 Diamond’s model 

Adelle Diamond (2014, 2013) proposed that EF consisted of a set of three 

cognitive skills: working memory, cognitive or mental flexibility, and inhibition. 

These would be the vital skills or components at the basis of many higher-

order mental skills, such as reasoning, problem-solving, planning and 

accomplishing a goal at a behavioural level 

 

Inhibition consisted of two skills: behavioural inhibition, and interference 

control. Behavioural inhibition aimed at overriding internal interferences. This 

was achieved by suspending impulsive, pre-potent reactions in favour of an 

alternative, strategic, purposeful action. Interference control aimed at 

overriding the impact of irrelevant external stimulation through mechanisms 

such as selective attention and cognitive inhibition. Evidence suggested that 

diverse types of inhibitory control of attention and action appear to share 

substantially similar neural bases and are ‘strongly’ correlated (Diamond 

2013). As an ability, it seems to be greatly developed between the four to nine 

years of age, be ‘quite predictive’ of individuals’ success throughout the 

lifespan, and to decline with age. 
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The working memory component is a very tight and well researched construct 

(e.g., Baddeley 1992) that was embraced by Diamond as originally conceived. 

Namely, it refers to “holding information in mind and manipulating it” 

(Diamond, 2014, p.8). In Baddeley’s (2010) original model, this was viewed as 

a system with three components. These were: “an attentional control system, 

the central executive (…) [and] two short-term storage systems, one for visual 

material, the visuo-spatial sketchpad, and one for verbal-acoustic material, the 

phonological loop.” This function was detected as early as in infancy, found to 

develop slowly in complexity and span, and known to decline with age 

(Diamond 2013).  

 

Finally, Diamond’s (2013) third component was mental flexibility. She 

refrained from defining precisely what was meant by this component. Instead, 

she offered it as the opposite of rigidity, and linked it to skills such creativity, 

Piaget’s perspective-taking, presently explored under the name of theory of 

mind (e.g., Flavell 2000), ‘task switching, and set shifting’. This “also involves” 

(Diamond, 2014, p.8) form of presenting the construct is not as consistent as 

working memory. In more operationalized forms of approaching the 

continuous dimension between flexibility and rigidity, Schaie et al. (1991, 

p.371) acknowledged it a “multidimensional” construct with three 

components: attitudinal flexibility, motor-cognitive flexibility, and 

psychomotor speed. It was measured as the ability to change the way one 

thinks or acts about a topic. In accordance with Diamond’s (2013) review, this 
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ability would be acquired in childhood, develop steady to adulthood, and 

decline with age.  A diagrammatic representation of Diamond’s model is given 

below, in Figure 2.3. 

 
Figure 2.3 Diamond’s model of Executive functioning. Adapted from Diamond 
et al.’s (2014) model- Diamond, A. (2014) Understanding executive functions: 
What helps or hinders them and how executive functions and language 
development mutually support one another. Perspectives on Language and 
Literacy, 40(2), 7-11. 

 

Overall, as noted, Diamond (2016; 2013) asserted that measures of EFs in early 

childhood were accurate predictors of EF skills in adulthood. Moreover, it was 

not, as most skills are not, determined fully genetically. Instead, EFs seemed 

sensitive to both negative environmental factors (e.g., poverty) and to positive 
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factors (e.g., responsive parenting). Its development mattered for poor EF 

capabilities interfered with learning, academic performance, and socialization 

(Diamond 2016, 2013).  

 

2.3.6 Conclusion and discussion 

Some of the many models of EF were described in the preceding sections. The 

last to be revised was Diamond’s (2013) three-component model. It was 

embraced in the present investigations for several reasons. First, it 

circumscribed EF to the cognitive domain, as with every other model with the 

exception Zelazo and colleagues’ (1997) more recent framework, which 

included emotional aspects in their model (e.g., resistance to frustration).  

 

Moreover, unlike Norman and Shallice (1986), who considered how the 

management of attention was involved in automatic and reflective actions 

alike, Diamond circumscribed EF to reflective, purposeful actions. As she 

explained at the beginning of this paper, EF was everything which required 

focused attention and could not be performed ‘on automatic’ pilot or by 

‘instinct or intuition’. When unpacking this position, she used an argument 

similar to that used in the introduction to this chapter, when discriminating 

homeostatic-like emotional self-regulation from Bandura’s (1991) construct of 

self-regulation and action control. Yet, Bandura might embrace automatic, 

well-learned action as equally representative of self-control. Diamond 

apparently did not.  
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Secondly, Diamond did not introduce anything new. The components of her 

model can be found in most models. Specifically, inhibitory control is part of 

contention scheduling in Norman and Shallice’s pioneering attention to action 

model, and of the component attentional control in Anderson’s executive 

control system model. Working memory is part of SAS in Norman and 

Shallice’s, and a subskill of cognitive flexibility in Anderson’s. Finally, cognitive 

flexibility is a component within Anderson’s executive control system model, 

and Zelazo and colleagues’ ‘cold EF’. Diamond further conceptualised EF as set 

of top-down mental process, or a general ability influencing all the executive 

processes.  

 

Diamond further seemed to be going against the trend, illustrated by 

Anderson (2010) and Zelazo’s (1997) approaches. In the latter approaches, the 

construct of EF was complexified along the years and its number of 

components, skills or processes expanded. Although this attitude might be 

rather politically correct, it is argued here that this decision may hinder or 

confound the study of the skill. It is always more illuminating to inspect 

empirically a very narrow and cohesive construct, such as gender. Such 

simplicity will not prevent misunderstandings. For example, many have looked 

for alternatives to masculine-feminine gender classifications and consensus is 

still to be reached. Yet, simplifying might help to anchor findings and raise the 

trustworthiness of studies. This seems of critical importance in a field 
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populated by multiplicity and lack of practical construct operationalization. 

Even Diamond, with her simple but non-mathematically defined components, 

can be faulted for failing to show a psychometric approach to the field.  

 

As discussed at the beginning, EF is one of the areas of functioning affected in 

children diagnosed with Spina Bifida. This is a skill with a developmental 

impact (e.g., Diamond 2013, 2014, 2016) throughout the lifespan, associated 

with several neuropsychological and functional (e.g., behavioural, and 

educational outcomes) deficits, and possibly susceptible to environmental 

factors. Wasserman and Holmbeck (2016) portrayed a very similar state of 

affairs for their sample of children diagnosed with Spina Bifida. It seems 

therefore relevant to better understand the relationship between these two 

constructs.  

 

Spina Bifida and difficulties in EF 

Research has found Spina Bifida to be associated with deficits in executive 

functioning with evidence of impairment on switching ability, working 

memory, planning, organization, goal directed behavior and problem solving 

(Burmeister et al. 2005; Fletcher et al. 2010; Iddon et al. 2004). The same 

researchers suggest that deficits in executive functioning are caused by 

deficits in processing speed and attention, skills that are impacted by the 

disorder, and not because of shortcomings in skills controlled by the frontal 

lobes. It is to note, that indeed, Spina Bifida affects the neural network, with 
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posterior attentional network responsible for executive attention, being part 

of it. Furthermore, more importantly, as suggested by research, executive 

control skills are believed to mediate the ability of children with deficits in 

other domains (e.g., language, visuospatial skills, memory) to compensate for 

such difficulties (Denckla 1994).  

 

Although, as mentioned above in Section 2.3, performance seem to reach 

maximum level by late childhood, development in executive functions 

continue to be observed in attentional control, inhibition, complex planning 

and problem solving, abstraction, working memory, processing speed, motor 

sequencing, verbal fluency, and reward-guided decision-making capacity 

through adolescence and into adulthood (Levin et al. 1991; Welsh et al. 1991; 

Anderson et al. 2001; Romine and Reynolds 2005). While the evidence of 

executive dysfunction in some children with spina bifida is there, we know 

little about age-related patterns in executive functioning across the childhood 

and adolescent population. At the same time these development processes 

can be significantly affected by the environment, psychosocial and 

demographic factors, including gender, race/ethnicity, and family 

socioeconomic status, which leads to individual variability (Black and 

Krishnakumar 1998; Bukodi and Goldthorpen 2013; Duncan et al. 2018; 

Masten and Coatsworth 1998).  
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2.4  Literature Search Strategy 
The literature review focuses on primary school age children with Spina 

Bifida   and developmental outcomes. It examined the role of research in 

building a theoretical and empirical basis for interpreting the results of the 

present findings. The literature review strategy involved the use of 

specialized research databases to uncover contemporary research from 2005 

onwards on children with Spina Bifida and their cognitive and behavioural 

outcomes such as psychosocial indicators of wellbeing and education. Case 

control, cohort and cross-sectional studies were examined at length to draw 

relevant conclusions about the present state of research on this topic. The 

summary of the literature search and review process is illustrated in Figure 

2.4 below. 
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Figure 2.4: Summary of the review process. 
 
 

To review the evidence on the impact of Spina Bifida on child cognitive, 

behavioural and educational outcomes, it was necessary to find studies that 

examined these domains. The method of systematic search for studies for 

narrative review was used in the present study. A systematic literature review 

is an established research method for identifying, critically appraising, and 
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analysing research data (Aveyard 2014; Aveyard and Bradbury-Jones 2019; 

Aveyard and Siddaway et al. 2019; Liberati et al. 2009; Moher et al. 2009). 

"The criteria for inclusion and exclusion in the systematic review are explicitly 

stated and consistently implemented such that the decision to include or 

exclude particular studies is clear to readers and another researcher using the 

same criteria would likely make the same judgements. This explicit approach 

allows readers of the review to assess the author’s assumptions, procedures, 

and conclusions, rather than taking them on faith. This methodology also 

allows other researchers to update and extend the review at a later time" 

(Siddaway et al. 2019, p. 9). 

 

Three electronic databases; PsycINFO, Ovid MEDLINE(R), and Embase, which 

are the databases enriched with literature in this area of interest were 

systematically searched for relevant papers. To search for relevant articles a 

combination of Medical Subject Headings (MeSH) and keywords (including 

variations and synonyms) were used. The keywords included all the Spina 

Bifida terms together first then the outcomes grouped together in sets 

(Appendix 1 provides more detailed information about the search strategy 

used in the present study).  Advanced search techniques including truncation 

(*), phrase searching (“) and proximity searching were used where 

appropriate to capture all variants of keywords. Whilst Boolean operators ‘OR’ 

and ‘AND’ were also used to broaden and limit search results (Appendix 1). 
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This was completed with helpful assistance of an experienced academic 

librarian at Ulster University. 

 

 

2.4.1 Selection process for the relevant papers 

Papers with the keywords listed in Appendix 1 were reviewed only with title 

and abstracts to screen for further selection and omit those papers which did 

not fulfil the preselected criteria. Studies older than those published in 2005 

were excluded to include only the recent published ones for narrative 

synthesis. Each paper´s relevance proceeding the initial search was manually 

reviewed based on the title and abstract.  Anecdotal evidence, editorials, 

letters were removed from further review. Case control, cohort and cross-

sectional studies only were retained for full review if they had participants 

with at least one or more children between five and 11 years. Furthermore, 

all studies selected for this research were English-medium, and from peer-

reviewed journals.  

 

From the selected databases, the researcher found only 604 papers, of which 

67 papers were duplicates, so they were not considered for further action 

leaving 537 papers for consideration. Based on the abstract and title review, 

the researcher excluded 377 papers because they did not discuss the 

cognitive, behavioural, and educational outcomes in children with Spina 

Bifida, as per the inclusion criteria. Out of 160 papers, 131 papers were 

excluded as they did not meet the target population or were not published in 
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the English language. Only those studies which had included children aged 5-

11 years as participants were retained for final full review. The filter options 

‘published in English’ and ‘specified age group’ were selected in the databases 

used for this. Consequently, the systematic literature review included 28 

research papers. The PRISMA flow diagram below shows the numbers of 

identified, excluded, and included studies (Figure 2.5).  
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104+263+237=604 papers by using  

duplicate removal system in RefWorks 
(n = 537) 
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(n = 537) 

Articles excluded on title 
and abstract review 

(n = 377) 

Full-text articles assessed 
for eligibility 
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After careful full-text 
screening, 132 articles 
were rejected due to the 
reasons of not assessing 
outcomes of interest 
and/or having children 
aged 5-11 years in their 
study sample. 
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Articles identified from Ovid 
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Articles identified from 
Embase (n = 237) 

Figure 2.5: PRISMA flow diagram of the systematic search for studies that involved 
assessment of children aged 5 to 11 years for cognitive, behavioural and educational 
outcomes (published between the years 2005 and 2018). 
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2.4.2 Critique of Literature Review Findings 

This literature review aimed to synthesize research over a span of 13 years 

(between 2005 to 2018) examining impacts of Spina Bifida on cognitive, 

behavioural and educational outcomes in children and critique of the research 

done. The summary of the critique of literature is given in Tables 2.1, 2.2 and 

2.3 under Critical Appraisal Skills Program (CASP) and Table 2.4 (Summary of 

literature reviewed) below. Utilizing the CASP served as a useful appraisal tool 

to assess quality of research done. Critical appraisal tools also offer an in-

depth assessment of internal validity and results.   

 

2.4.2.1 Spina Bifida and Behavioural Outcomes 

The review of papers identified through the systematic search suggests that 

Spina Bifida is a challenging developmental condition that warrants research. 

Holbein et al. (2015) examined the differences in social behaviours in observed 

peer interactions between teens and children with Spina Bifida and their 

peers. The researchers utilized Comprehensive Assessment of Spoken 

Language (CASL), Weschler Abbreviated Scale of Intelligence (WASI) and 

Diagnostic Analysis of Nonverbal Accuracy (DANVA2), Test of Everyday 

Attention-Children (TEA-Ch) along with Cognitive Assessment System, (CAS), 

in a case control study among children and adolescents aged 6-17 years 

(N=100). Compared to the control group of children without Spina Bifida, the 

Spina Bifida group displayed less adaptive social behaviours particularly in the 

domain of interaction style, task involvement, and clarity of 

thought/expression/idea.   
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However, there were limitations in this study. First, Spina Bifida groups and 

their typically developing counterparts were not independent and not dealt 

with, and in that peers were friends of the research participants. Selection 

effects from non-randomization could have impacted research results. A 

second limitation was that children with Spina Bifida who were unable to 

recruit friends to participate in the study were excluded from the research. 

Therefore, children with greater social deficits may actually have been 

excluded from the study. Because of the controlled nature of the study, the 

interactions of children with Spina Bifida might have been contrived, whereby 

observed peer relationships only provide a brief window on the functionality 

of the Spina Bifida group. Interactions that occur in daily life could involve 

complex factors determining psychosocial outcomes. Fourth, the dyads may 

not have behaved as they would due to the presence of a camera and social 

desirability or reactivity effects might invalidate the study. The selection of 

neurophysiological measures was limited on account of time constraints 

during collection of data. If more neuropsychological measures had been 

included or there had been more home visits, the validity of the regression 

analysis may have been higher. The study also lacked a longitudinal design and 

additional research is required to examine the differences in peer interactions 

of children with Spina Bifida and dyadic interactions of typically developing 

peers.  
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In one study, temperament characteristics were assessed in children and 

adolescents with Spina Bifida. Vachha and Adams (2005) used the Carey 

Questionnaires: Behavioural Style Questionnaire and Middle Childhood 

Temperament Questionnaire in a cross-sectional study utilising response from 

primary caregivers of 26 children with MMC and hydrocephalus (MMH) and 

26 controls. The age range spanned 7-16 years and those with MMH showed 

poorer memory span. It was found that children in the MMH group differed 

from their matched counterparts on temperament domains like adaptability 

(less adaptable), approach, withdrawal (poor first approach to a new 

stimulus), distractibility (more distractible) and attention persistence (less 

attentive) and rhythmicity, predictability in terms of biological functions.  

 

However, the researchers accepted design constraints for reasonable study 

completion. Control groups were recognized only in CTS normative data. 

Children with MMH were compared with CTS normative data based on age-

matched, typically developing children form white, middle class groups. 

Comparison with matched data may have camouflaged regional differences, 

caregiver educational background, and family factors (Vaccha and Adams 

2005). Sample size, however, was small for this study impacting 

generalizability.  

 

In another study, Ted Abresch et al. (2007) compared Health Related Quality 

of Life (HRQL) of children and adolescents (aged 8-20 years) with mobility 
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impairments due to spinal cord injury and Spina Bifida.  HRQL was measured 

utilizing the PedsQL or Paediatric Quality of Life (Version 4.0) which was self-

administered by the research participants. The measure sought to examine 

the emotional, social and school functioning of the respondents (N=163). The 

sample comprised 42 subjects with Spina Bifida and 61 participants with 21 

control group who were obese and 39 non-obese respondents. The 

researchers utilized a case-control research design and found PedsQL domains 

assessed had statistically significant lower sub-scores observed in groups with 

Spina Bifida compared to the control group for physical, psychosocial, school 

and social functioning. Mean total PEDsQL score of control group who were 

non-obese was significantly higher than the Spina Bifida group (p<0.02) (Ted 

Abresch et al. 2007). 

 

However, the researchers cautioned against a summary interpretation of 

results, given the substantial reduction in HRQL measured among SCI and 

Spina Bifida groups in the study. The research lacked power to substantiate 

significant differences as a power analysis revealed 105 subjects per group 

would be required to demonstrate statistically significant difference with 80% 

power at alpha 0.05. The study found differences that may have been 

significant if the sample size was larger.  
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2.4.2.2 Spina Bifida and Cognitive Outcomes 

Vinck et al. (2010) tested for motor profile, cognitive functioning, visual motor, 

fine-motor functioning and motor quality in children and teens with Spina 

Bifida. The researchers used the Weschler Intelligence Scale for Children 

(WISC-III), Revised Amsterdam Children’s Intelligence Test (RAKIT) and Beery’s 

VMI18. This cross-sectional study studied children and teens with Spina Bifida 

aged 6-14 years (N=41) and found 47.4% of the participants showed impaired 

cognitive functioning. Spina Bifida was specified in terms of specific 

categories, namely the type of spinal anomaly, cerebral malformation, and 

neurological impairment of the lower portion of the body (Vinck et al. 2010). 

For children with Spina Bifida, strong and significant statistical correlations 

between IQ measures, visuomotor integration (VMI) and manual dexterity 

totals (MD-totals) were observed. According to Vinck et al. (2010), within the 

non-disabled group, children with Spina bifida myelomeningocele were 

considerably impaired, compared to those with Spina Bifida alone on several 

measures of intelligence (performance intelligence quotient [PIQ] and full 

spectrum intelligence quotient [FSIQ]) apart from the verbal intelligence 

quotient (VIQ) measure, which suggest difficulties in cognitive functioning in 

this group. Vinck et al. (2010) found similar differences among the subgroups 

on visual motor integration, as measured by the VMI and disk tasks. On fine 

motor and simple speed tasks, there were no significant differences between 

groups.  
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However, the findings lacked generalizability due to the limited number of 

cases in the different age group categories studied. In addition, the 

researchers described how complex neuropathology underlying the neural 

axis makes the study of samples with Spina Bifida a difficult task, as all children 

with cerebral malformations had hydrocephalus as well as Arnold Chiari-II 

malformation (ACM) in this study. Thus, the lack of functionality cannot be 

attributed to ACM or hydrocephalus alone, complicating the clinical picture of 

cause and effect. However, the strength of the study is that the researchers 

found a large effect of associated cerebral malformations due to Spina Bifida 

on visual-motor integration and cognitive functions, and the relationship 

between motor quality and cerebral malformations.  

 

Researchers have also examined the relationship between motor function, 

cognition, and independence in teens and children with Spina Bifida MMC. In 

one study by Luz et al. (2017), the motor function of subjects with Spina Bifida 

MMC (N=50) aged between 6 and 20 was positively and highly correlated with 

mobility and lesion level. It was moderately correlated with social function, 

self-care and cognition. Functional independence was moderately correlated 

with quality of life and cognition. Furthermore, the presence of hydrocephalus 

resulted in poorer cognitive, motor and lower functional independence.  

 

A more recent study examined neuropsychological indicators among children 

with Spina Bifida for determining functional and biological correlates of 
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distinct cognitive profiles (Wasserman and Holmbeck 2016). For this research 

study, different assessment tools; Wechsler Abbreviated Scale of Intelligence 

(WASI), Wide Range Achievement Test 3 (WRAT3) to assess basic reading, 

spelling and arithmetic, Delis Kaplan Executive Function System (D-KEFS), Test 

of Everyday Attention for Children (TEA-Ch), and Diagnostic Analysis of 

Nonverbal Accuracy 2 (DANVA2) were utilized. In the study, children and teens 

aged 8-15 years (N=95) with MMC participated.  The research participants 

completed a neuropsychological assessment battery, and the researchers 

used hierarchical and non-hierarchical cluster analyses to confirm and identify 

cluster solutions. Predictions of cluster membership ranged across number of 

shunt surgeries, seizure history, lesion levels, age, socio-economic status, 

ethnicity, and family stress. The analysis outcomes included independence 

and educational success. Utilizing Ward’s cluster method, Wasserman and 

Holmbeck (2016) found a three-cluster solution that also corroborated with 

two other methods of cluster analysis.  Clusters were labelled in the following 

ways: “average to low-average” (N=39), “broadly average with verbal 

strength” (N=29) and “extremely low to borderline” (N=27) (Wasserman and 

Holmbeck 2016). Socioeconomic status, lesion levels, seizure histories were all 

significant predictors of group membership. Researchers found cluster 

membership was a significant predictor for independence and educational 

success. Subgroups on different profiles of neuropsychological profiles 

displayed differences in everyday functioning. The “extremely low to 

borderline group” in relation to neuropsychological profile, on average, had 

the lowest functional level. The other two groups were rated similarly across 
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functional outcomes except for academic success reported by teachers. Thus, 

differences between the two groups may be more obvious in classroom 

settings as opposed to home-based environments. The analysis of variance 

(ANOVA) for teacher rate data from WRAT3 showed the group status 

significantly predicting academic success, F (76) =21.00, p<.01. Post 

hoc analyses also showed significantly higher academic success for 

participants in the “broadly average with verbal strength” group than those in 

the “low average to average” group (p<.01; d=0.20) and the “extremely low to 

borderline” group (p<.01; d=0.37).   

 

The cluster analysis done in this study is exploratory and it necessitates 

replication. On account of a small sample size, replication was not possible by 

splitting the sample. The researchers cited their inability to replicate the 

cluster analysis using techniques such as latent class analysis because the 

sample size was too small. The study also excluded participants who failed to 

complete the assessment battery and thus, there is another cluster with 

unknown profiles, triggering possible floor effects (Wasserman and Holmbeck 

2016).  

 

Jansen-Osmann et al. (2008) examined spatial cognition in children with Spina 

Bifida using a WISC-III translated version, exploring the relationship between 

motor development and spatial cognition. The study examined 20 children 

with MMC, and 20 controls aged 8-14 years, matched for sex and age. 
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Significant differences were found between the case and the control group on 

the water level task, mental rotation task, children’s embedded figure’s test 

and spatial working memory: children with Spina Bifida showed poorer 

performance on these tasks compared to the control group. However, a 

limitation of the study was the investigation of spatial cognition and behaviour 

was carried out in a virtual environment.  

 

Tarazi et al. (2008) examined parent ratings of EF in children with MMC, 

hydrocephalus and typically developing peers across teens and late childhood 

using the BRIEF rating inventory. In this case-control study spanning 36 

subjects with MMC and hydrocephalus and 35 controls between 10 and 18 

years of age, Tarazi et al. (2008) found children with MMH had higher BRIEF 

T-scores on scales representing cognitive control compared to the control 

group, which indicates a relatively lower level of cognitive control in children 

with MMC. Effects of age-by-group, group and age interactions on MCI and 

BRI mean raw scores were analysed using regression analysis. Significant 

group effects were noted for both BRI and MCI, and MMH group had higher 

mean ratings as against the control group, suggesting lower cognitive control 

in the MMH group than control group. The linear relationships between age 

and mean index raw scores between the two groups were tested, and 

significant interaction was observed for BRI (p<0.05). While raw mean scores 

on BRI for MMH Group remained stable across the ages, raw mean scores in 

the control group were inversely related to age. This implies typically growing 
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children had age-related improvements in executive control behaviour across 

their teens, especially with behavioural control. However, children diagnosed 

with MMH required interventions and modifications to promote functional 

independence and combat executive dysfunction into early adult years.  

 

There were several limitations associated with the study. While some 

confounding factors such as IQ and lesion level were accounted for, other 

potential confounding variables were not included such as disease factors, and 

SES. IQ data was not available for all the group participants with imputation 

done.  Children with MMH for whom IQ data were available were referred for 

neuropsychological evaluation due to academic or cognitive development 

concerns. Therefore, the study may have underestimated the average IQ. 

Although the sample presented a common pattern of higher verbal 

intelligence quotient (VIQ) as opposed to performance intelligence quotient 

(PIQ), lack of available PIQ for the control group was another shortcoming of 

the study as it was not measured. Therefore, VIQ alone was used to compare 

groups based on intellectual functioning, yet samples were not matched for 

IQ. Additionally, children with MMH had lower estimated verbal IQ compared 

with typically developing children. While IQ moderates EF on performance-

based tests, VIQ was not associated with parent-caregiver reported 

behaviours of the EF.  
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Brown et al. (2008) examined differences on BRIEF scores between children 

and adolescents with MMC and controls, and also used Global Severity Index 

(GSI) to assess parental mental health or distress. The GSI has mean of 50 and 

SD of 10, with higher scores reflecting greater symptom severity. This case-

control, longitudinal study comprised children and teens aged 10-17 years 

(N=77) and a single-sample Z-test revealed case group average on the Meta 

Cognition (MI) Index differed in a statistically significant way from a normative 

mean of 50 in that meta-cognition was lower for the MMC group as compared 

to the control group. However, the mean BRI score was not different from the 

normative mean (Brown et al. 2008). The MMC group’s mean scores also 

differed from the norms for Initiation, Organization of Materials, Working 

Memory, Plan/Organize. Furthermore, results of the chi-square tests 

suggested the rate of abnormal scores was higher for the MMC group as 

compared to the comparison group on the MI scale. Follow up analyses further 

revealed children with MMC scored below average on subscales; 

Plan/Organize, Working Memory and Initiate.  The BRI scores in participants 

with MMC were predicted by parent GSI score [R 2 Change = .22, p = .001], 

predicting 34% of the variability in BRI scores.  The regression predicting 

MI, beyond age, only number of shunt revisions and history of seizures 

significantly added to the prediction model, [R 2 change = .12, .11, 

respectively, p < .05]. 
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There were limitations in this study. First, the same parent completed all 

parent-report measures, increasing shared-method variance. BRIEF ratings 

and parental psychological distress may be related due to inflated reliance on 

a single source of information. Future research could include multiple 

informants in the study, such as teachers. Moreover, findings based on 

comparing MMC and non-clinical comparison groups on BRIEF were limited 

due to sampling bias given the Full-Scale IQ (FSIQ) and age between-groups’ 

difference. Although the two groups were matched on age, some children 

with Spina Bifida were excluded due to Spina Bifida subtypes other than MMC, 

besides non-performance on certain parameters or invalid profiles. 

Consequently, the comparison group was a year younger than the clinical 

group affecting matching for comparison of outcomes. The comparison group 

also exhibited a higher FSIQ suggesting a sample bias in the types of families 

who responded to the study request. However, the sample size limited the 

power to statistically evaluate numerous biological risk factors linked to MMC 

and complex interaction effects to examine moderating effects of biological 

risk factors associated with Spina Bifida known to affect EF of individual. 

Continued use of multivariate techniques is critical to determine risk factors, 

given that such biological factors are interrelated. Such a method requires a 

large sample to increase statistical power.  

 

Speed deficits in processing are also noted with individuals with Spina Bifida. 

Calhoun and Mayes (2005) assessed processing speed in children with clinical 
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disorders using the Processing Speed Index (PSI). The researchers used the 

WISC-III and found PSI-IQ and Freedom from Distractibility Index was low 

among 68% and 74% of the children with Spina Bifida and hydrocephalus (SBH) 

respectively. This cross-sectional study utilized a sample aged between 6 and 

16 years (N=980). On Perceptual Organization Index (POI) and Processing 

Speed Index (PSI), children with SBH scored lower than the mean.  

 

However, many limitations of this study exist. Although significant mean PSI 

and FDI differences were found, there was a great degree of individual 

variation within the diagnostic subgroup (Calhoun and Mayes 2005). Research 

needs to be intervention-based or associated with additional scores or 

multivariate analysis for diagnostic groups to be easily differentiated (Calhoun 

and Mayes 2005).  

 

The role of MMC in impacting sustained attention deficits is another key area 

of contemporary research. Caspersen and Habekost (2013) in a case control 

study involving 10 to 14-year-old participants selected from a hospital and n 

found, using the WISC-III, Theory of Visual Attention (TVA) and Dual Attention 

to Response Task, that when filtering out irrelevant stimuli, children with 

MMC (N=6) displayed lower levels of sustained attention than their age 

matched neurologically healthy controls (N=18). On a group basis, only visual 

distractibility was significantly higher with MMC as against controls. The study 
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had a small sample size for MMC group to differentiate outcomes by medical 

variables such as spinal lesion level for more individual focused interventions. 

 

In a similar study, De La Torre et al. (2017) investigated attentional lapses in 

children with SBH (N=28). Sample age range was 6-14 years. The results 

showed significant differences in the Symbol Digit Modalities Test (SDMT), 

Trail Making Test Form B (TMT-B) scores indicating that children with Spina 

Bifida had a higher score with respect to attentional deficits compared to 

children without Spina Bifida (N=26). Wide age range and relatively small 

sample size were twin limitations of the study and considerable attrition as 

not all tests were fully completed.   

 

2.4.2.3 Spina Bifida and Educational Outcomes 

Researchers have also examined educational outcomes of children with spina 

bifida within a school setting. In one study, Barnes et al. (2011) studied 

preschoolers with Spina Bifida compared to typically developing children (TD) 

on mathematical knowledge mapping tasks at 36 months (N=102) and 60 

months (N=598). The Spina Bifida group had lower scores compared to 

typically developing peers on mathematical tasks except for quantity 

transformation which is to manipulate information logically. Also, it was found 

that at 36 months, the Spina Bifida group was lower on the TEMA-2 test, on 

the math quotient, as compared to the typically developing group and on the 

TEMA-2 experimental score, at 60 months, the Spina Bifida group scored 
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lower than the typically developing group on Oral Counting, large-set object-

based arithmetic, Counting Principles and SB-IV Quantitative. However, the 

researchers were also unable to use all the tasks at both ages. They also 

neglected to include cognitive correlates such as working memory linked to 

mathematical scores among children with and without Spina Bifida. 

Additionally, the typically developing groups are average on most cognitive 

and standardized measures, although their vocabulary skills at age 60 months 

were higher, suggesting group differences on mathematical tasks should be 

cautiously interpreted (Barnes et al. 2011).  

 

Fletcher et al. (2005) examined whether spinal lesions and anomalous brain 

development is associated with adverse neuro-behavioural outcomes for 

children with Spina Bifida and MMC. However, the study focused on 

educational outcomes within a school setting so is relevant in understanding 

how children with spina bifida progress in a school environment. The study 

focused on outcomes including, MRI (Magnetic Resonance Imaging), tests 

measuring intelligence, word recognition, reading comprehension, math, and 

adaptive behaviour, in a cross-sectional study spanning 7-16-year-olds (N= 

268). Measures were used to identify criteria for learning disabilities and 

mental disabilities. Those who met the criteria for ADHD were identified using 

a parent rating scale. Children with MMC-Hydrocephalus were divided into 

two groups upper (Thoracic spine; T-12 and above, N=82) and lower (Lumbar 

spine; L-1 and below, N=186) lesion-level groups. Using MRI images cerebrum 
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and cerebellum volumes were segmented. Psychometric assessment of 

academic skills, adaptive behaviour, intelligence, and handedness were 

compared between lesion levels and used to assess children meeting the 

criteria for MR, ADHD, and LD. MRI images among children with upper-level 

spinal lesions displayed more anomalies in areas such as the tectum and the 

splenium as against the cerebellum, as opposed to those with lower-level 

lesions. Furthermore, upper-level lesions (Thoracic level, T-12 and above) 

were linked to reduction in volumes of both cerebrum and cerebellum. It was 

also linked to poor scores on measures of academic prowess, intelligence, and 

adaptive behaviour. Higher upper level of spinal lesions made for poorer 

neurobehavioral outcomes across a variety of domains critical for assessing 

functional independence in children at school and home. The domains 

included intelligence and academic outcomes. Composite scores on the SIB-R 

revealed lower levels of adaptive behaviour in children with upper-level 

lesions. Lesion level effects were also independent of ethnicity. However, one 

limitation of the study was that the Hispanic patients who were part of this 

research were more likely to have upper-level lesions and had a lower 

socioeconomic status, making it difficult to separate the effects of ethnicity 

and SES in the result. The study had also not included other factors that may 

contribute to outcomes studied, such as: age at first shunt placed, number of 

shunt revisions to understand more about the effect of these factors on the 

outcomes studied. 
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In one study, Boyer et al. (2006) examined working memory and information 

processing in children within a school setting. They used the child-friendly 

versions of CHIPASAT and WIAT along with WISC-III in this case control study 

comprising children aged 8-15 years with MMC and hydrocephalus as well as 

typically developing siblings. Fewer correct responses were given by children 

with MMC as compared to their siblings, although group difference magnitude 

declined as the rate of stimulus presentation rose, suggesting that children 

with MMC difficulties in attention than their siblings. Children with MMC also 

made fewer consecutive correct responses and provided more non-

consecutive correct responses suggesting working memory requirements of 

the task were circumvented. Also, children with shunted hydrocephalus and 

MMC displayed deficits in information processing speeds, as well as working 

memory. Moreover, group differences on the CHIPASAT were less obvious 

with increasing presentation rates.  

 

A limitation of this research is that multi-group analysis needs to be applied 

on children with different ages and IQ levels. Another limitation of the study 

is the measure of working memory or processing speed using WISC-III. The 

arithmetic subtest draws on mathematical skills and is not a pure working 

memory measure. Boyer et al. (2006) hold that working memory could be the 

reason for the association between the subtest and CHIPASAT. Additionally, 

coding of WISC-III is not a pure processing speed measure, as it requires fine 

motor skills and depends on memory processes. CHIPASAT, however, does not 
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rely on fine motor skills and is confounded by mathematical skill abilities as 

well. Other versions of PASAT devised do not entail numerical skills and may 

be more accurate measures of processing speed and working memory. 

Additionally, children with MMC differed on parameters such as IQ and age 

from their siblings, accounting for variance in performance on the CHIPASAT 

significantly. Analysis of covariance poses a challenge when controlling for 

pre-existing differences between groups and groups should be equated for 

age (Boyer et al. 2006).  

 

In a study among 44 children with MMC, Raghubar and colleagues examined 

the relationship between mathematic difficulties and attention deficits to 

understand the role of attention in mathematical processing (Raghubar et al. 

2015). Understanding this relationship is important because children with 

MMC can have specific problems with mathematics and attentional deficits. 

Participants completed mathematics tests, and measures of math fluency and 

calculation, along with cognitive measures of attention. The researchers found 

that compared to a control group (N=50) of typically developing children, the 

children with MMC performed as well as their peers on exact arithmetic but 

performed less well on standardized arithmetic measures. The children with 

MMC also performed less well on orienting attention (directing attention to 

specific stimuli) but performed at the same level on alerting (effortful 

processing of information) and executive attention (regulation of responses). 
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All these attentions play important in the acquisition of mathematical tasks of 

children.  

 

The limitations of the study are that the researchers did not include arithmetic 

strategy as an outcome measure and previous research suggests that 

attentional processing is different when children are determining strategies 

within arithmetic problems (Raghubar et al. 2015). In addition, the analysis did 

not include medical and neurobiological factors, such as shunt revisions, that 

are related to educational outcomes. The researchers suggested inclusion of 

these factors in future research.  

 

2.4.3 Discussion of findings from review 

The aim of the present study is to investigate the effect of Spina Bifida on 

cognitive, behavioural, and educational outcomes in 5-11-year-olds in 

Northern Ireland. Children from 5 to 11 years old are a very important age 

group due to the rapid cognitive and social development during these years 

(Blair and Raver 2016). All cultures that provide formal schooling for their 

children start between five and seven years, and an important shift in child’s 

cognitive skills occurs at around age five or six where they start learning new 

concepts and develop the skills necessary to understand the people and 

environment around them, and plan and work to achieve goals (Sameroff and 

Haith 1996; Allen et al. 2015). Besides, the skills associated with the cognitive 

and behavioural domains and educational achievement are better understood 

when individuals with Spina Bifida attend at their early schooling age (Blair 
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and Raver 2016; Heffelfinger et al. 2008; Sawin 2017; Stubberud et al. 2014; 

Stubberud et al. 2015). The study of these outcomes may help for an update 

or referral to appropriate early intervention systems for evidence-based 

action in children’s everyday activities, for wider benefits for development of 

child’s overall EFs (Blair 2017). 

 

Along with the neurological approach to executive functioning, there are two 

psychological levels of the analysis: cognitive and behavioral (Zelazo et al. 

2016).  Cognitive mechanisms of executive functioning include such processes 

as selective attention, concept reasoning, and working memory (Anderson 

2002, 2008). In turn, the behavioural aspects of executive functioning involve 

such processes as behavioural inhibition, flexibility (Anderson 2008), 

purposive actions (Lezak et al. 2012), goal-directed modulation of behaviour, 

and adaptation (Zelazo et al. 2016). In the context of the present study, it is 

important to emphasize that effective learning including overall school 

achievement (Zelazo et al. 2016) is also a strong correlate of executive 

functioning.   

 

As compared to the behavioural and educational outcomes of Spina Bifida, the 

cognitive outcomes are relatively more investigated. The obtained data 

showed negative effects of Spina Bifida on working memory (Boyer et al. 2006; 

Vachha and Adams 2005), processing speed (Calhoun and Mayes 2005), 

attention (De La Torre et al. 2017; Vachha and Adams 2005), intelligence and 
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language processing (Holbein et al. 2015; Nejat et al. 2007), and spatial 

cognition (Jansen-Osmann et al. 2008). But this does not suggest that all 

children may have difficulties. For instance, the study by Vinck and colleagues 

(2010) has showed that only 47% of children had impaired cognitive 

functioning compared to age norms suggesting that not all children with Spina 

Bifida may have difficulties. 

 

With regard to the influence of Spina Bifida on behaviour, researchers found 

the detrimental effects on adaptability (Vachha and Adams 2005), interaction 

style and task involvement (Holbeinet et al. 2015), EF (O’Hara and Holmbeck 

2013). In addition, there are some data about the negative effects of Spina 

Bifida on school functioning (Ted Abresch et al. 2007) and academic success 

(Wasserman and Holmbeck 2016).   

 

However, the major limitation of the reviewed studies is that most of them 

combined groups of children and adolescents. At the same time, it is known 

that middle childhood (primary schooling years) and adolescence differ 

significantly from each other as periods of development (Erikson 1968; 

Allen et al. 2015; Becht et al. 2016; Brod et al. 2017; Skinner 2018). Thus, 

there is a lack of age-segregated reporting around cognitive, behavioural, and 

education outcomes on children of middle childhood only. In the literature 

relevant to our research questions, we have found only one study (of the 

effect of MMC on IQ) which involved a separate group of children in the age 

range roughly corresponding to middle childhood, namely 5-12 years (Nejat et 
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al. 2007). Given this research gap, it seems appropriate to focus the study 

specifically on 5-11-year-olds with Spina Bifida and investigate their cognitive 

functions, behavior, and academic performance.  Besides, there are no studies 

of the effects of Spina Bifida on cognition, behaviour, and academic outcome 

conducted in Northern Ireland. The present study aims to fill the above gaps 

and contribute to the understanding of how Spina Bifida affects cognitive and 

behavioural domains and the educational achievement of 5-11-year-olds.  

 

Table 2.1, Table 2.2, and Table 2.3 below provide the critique of the literature 

identified in the systematic search under Critical Appraisal Skills Program 

checklist by the type of study. Table 2.4 provide the summary of literature 

reviewed.
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Table 2.1: CASP table - Case Control Studies  
 Barnes et al. 

(2011) 
Boyer et al. 
(2006) 

Brown et 
al. (2008) 

Burmeister 
et al. 
(2005) 

Caspersen 
and 
Habekost 
(2013) 

Holbein et al. 
(2014) 

Jansen-
Osmannet 
al. (2008) 

Lindquist 
et al. 
(2009) 

Nejat et al. 
(2007) 

Rose 
and 
Holmb
eck 
(2007) 
 

Tarazi et al. 
(2008) 
 

Ted 
Abresch et 
al. (2013) 

(Section A: 
are the 
results of the 
trial valid?) 
 
Did the study 
address a 
clearly 
focused 
issue? 

Yes (the study 
compared SB 
and TD peers 
to effectively 
identify risk of 
SB in 
preschoolers) 

Yes (the 
study 
effectively 
analysed 
the 
differences 
between 
healthy 
peers and 
SB group 
on 
information 
processing 
and 
working 
memory) 

Yes (the 
study 
focused on 
factors of 
biological 
risk and 
executive 
behaviours 
in children 
and teens 
with SBM) 

Yes (the 
study 
successfully 
examined 
attention 
problem 
and EF in 
children 
with SBSH. 

Yes (the 
study 
successfully 
compared 
selective 
attention 
and 
sustains 
attention in 
SBM group) 

Yes (the study 
studied 
neuropsychologic
al correlates 
through social 
functioning in 
children with SB 
and healthy 
peers) 

Yes (the 
study 
compared 
the 
relation 
between 
motor 
developme
nt and 
spatial 
cognition 
effectively 
using the 
case 
control 
method) 

Yes (the 
study 
effectively 
analysed 
cognitive 
functions 
in children 
with MMC 
without 
hydroceph
alus as 
compared 
to control 
groups.  

Yes (the 
study 
effectively 
examined 
IQ in 
children 
with MMC 
using the 
case 
control 
method) 

Yes 
(the 
study 
examin
ed 
attenti
on and 
cogniti
ve 
functio
n in 
teens 
with SB 
effectiv
ely) 

Yes (the 
study 
effectively 
explored 
age related 
differences 
in EF in 
children 
with SBSH)  

yes (the 
study 
successfully 
compared 
HRQQL of 
SB and SCI 
groups to 
controls 
without 
mobility 
impairment
s and 
examined 
the impact 
of obesity 
on HRQQL 
of the 
subjects) 

Did the 
authors use 
an 
appropriate 
method to 
answer the 
questions? 

Yes (the case 
control 
method 
served as a 
useful 
comparative 
design for 
understanding 
how SB 
impacts 
mathematical 
knowledge 
among pre-

schoolers).  

Yes, (the 
case 
control 
method 
differentiat
es 
information 
processing 
and 
working 
memory in 
children 
with SB as 

opposed to 
their 
regularly 
developing 
peers) 

Yes (case 
control 
method 
served as a 
useful 
measure 
for 
differentia
ting 
between 
those with 
and 
without 

SBM on 
biological 
risk and 
executive 
behaviours
.   

Yes (Case 
control was 
effective as 
a research 
method) 

Yes (case 
control 
served as a 
useful 
comparison 
point) 

Yes (the case 
control method 
was used was 
effective in 
differentiating the 
groups on the 
variables studied) 

Yes (the 
case 
control 
method 
distinguish
ed 
between 
SB and 
non-SB 
groups 
while 
assessing 
the 

relationshi
p between 
spatial 
cognition 
and motor 
developme
nt) 

Yes (Case 
control 
served as a 
useful 
method 
for 
comparing 
the two 
population
s under 
study- 
those with 
MMC and 

no 
hydroceph
alus and 
regularly 
developing 
peers)  

Yes (case 
control 
was 
effective in 
determinin
g how 
MMC 
impacts 
IQ) 

Yes 
(case 
control 
metho
d was 
useful 
in 
unders
tandin
g how 
SB 
impact
s teens 

in 
terms 
of 
cogniti
ve 
attenti

Yes (case 
control was 
utilized 
effectively 
to assess 
the 
differences 
between 
comparison 
and 
experiment
al group) 

yes (the 
case 
control 
method 
served to 
identify the 
disparities 
in 
healthcare 
outcomes 
between 
children 
with and 

without SB 
on quality-
of-life 
indicators) 
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 Barnes et al. 
(2011) 

Boyer et al. 
(2006) 

Brown et 
al. (2008) 

Burmeister 
et al. 
(2005) 

Caspersen 
and 
Habekost 
(2013) 

Holbein et al. 
(2014) 

Jansen-
Osmannet 
al. (2008) 

Lindquist 
et al. 
(2009) 

Nejat et al. 
(2007) 

Rose 
and 
Holmb
eck 
(2007) 
 

Tarazi et al. 
(2008) 
 

Ted 
Abresch et 
al. (2013) 

on and 
EF) 

Were the 
cases 
recruited in 
an acceptable 
way? 

Yes (equal 
distribution of 
cases and 
controls).  

Yes 
(recruitmen
t was based 
on clear 
criteria 
including 
test scores) 

Yes 
(detailed 
inclusion 
and 
exclusion 
criteria 
were 
provided) 

Yes 
(specific 
inclusion 
and 
exclusion 
criteria 
were 
applied, 
along with 
test scores 
resulting in 
a 22% 
exclusion 
rate)  

Yes (cases 
were 
recruiter in 
an 
acceptable 
way using 
pre-
established 
exclusion 
and 
inclusion 
criteria) 

Yes (strict 
inclusion and 
exclusion criteria 
used) 

Yes (strict 
criteria 
were used 
for 
inclusion 
and 
exclusion) 

Yes 
(inclusion 
and 
exclusion 
criteria 
were used, 
and 
survival 
was a 
measure 
of 
inclusion 
for MMC 
subjects) 

Yes 
(subjects 
were 
selected 
using 
convenien
ce 
sampling 
although 
this 
ensured 
cases and 
controls 
were 
matched 
on key 
variable) 

Yes 
(subjec
ts were 
recruit
ed 
along 
with a 
matche
d 
compa
rison 
group 
drawn 
from a 
longitu
dinal 
study) 

Yes 
(subjects 
were 
matched) 

Can’t tell 
(although 
exclusion 
and 
inclusion 
criteria 
were used 
for 
recruiting 
SB and SCI 
groups, the 
non-obese 
controls 
were 
sampled 
using 
convenienc
e or 
purposive 
sampling 
and a 
power 
analysis to 
select an 
appropriate 
sample size 
was not 
attempted) 
 

Were the 
controls 
selected in an 
acceptable 
way? 

Can’t tell 
(controls did 
not undergo 
the same 
criteria for 
selection as 
the SB group 
and no 
procedures for 

Yes (the 
controls 
were also 
selected 
based on 
an IQ of 70 
or higher 
and lack of 
developme

Can’t tell 
(controls 
were also 
selected 
on the 
basis of 
predefined 
exclusion 
and 

Yes 
(specific 
inclusion 
and 
exclusion 
criteria 
were 
defined) 

Yes 
(controls 
were 
selected 
using 
exclusion 
and 
inclusion 
criteria and 

Yes (controls were 
selected using 
exclusion and 
inclusion criteria) 

Yes 
(controls 
were 
selected 
and 
matched 
on age, 
gender 
and IQ 

Yes 
(controls 
were 
selected 
from 
mainstrea
m schools 
with a 
certain IQ 

Yes 
(controls 
were 
selected 
using 
purposive 
sampling 
and 
matched 

Yes 
(contro
ls were 
selecte
d using 
a 
detaile
d 

Yes 
(controls 
were 
selected 
based on 
medical 
history)  

Yes (no 
selection 
bias 
operated 
and 
subjects 
along with 
appropriate 
controls 



 

67 
 

 Barnes et al. 
(2011) 

Boyer et al. 
(2006) 

Brown et 
al. (2008) 

Burmeister 
et al. 
(2005) 

Caspersen 
and 
Habekost 
(2013) 

Holbein et al. 
(2014) 

Jansen-
Osmannet 
al. (2008) 

Lindquist 
et al. 
(2009) 

Nejat et al. 
(2007) 

Rose 
and 
Holmb
eck 
(2007) 
 

Tarazi et al. 
(2008) 
 

Ted 
Abresch et 
al. (2013) 

their selection 
are defined) 

ntal 
handicaps. 
Groups did 
not differ in 
gender or 
race).  

inclusion 
criteria, 
and the 
sample 
was 
further 
refined 
through an 
evaluation 
based on 
BRIEF 
scores, but 
controls 
and cases 
were not 
matched 
for age or 
IQ) 
 

matched 
across the 
SBM group) 

with SB 
group) 

level of at 
least 70 to 
ensure 
comparabi
lity with 
the MMC 
group) 

with 
respect to 
factors 
such as 
age and 
gender 
with the 
MMC 
group) 

protoc
ol) 

were 
selected 
using 
protocols 
and 
procedures
) 

Was the 
exposure 
accurately 
measured to 
minimise 
bias? 

No (the 
researchers 
were unable 
to use the 
same task at 
both ages, 36 
and 60 
months, to 
test for 
mathematical 
performance) 

Yes 
(CHIPASAT 
was re-
recorded 
using an 
American 
speaker to 
ensure 
exposure 
was 
accurately 
measured 
to prevent 
bias) 

No (BRIEF 
ratings 
were 
impacted 
by a 
possible 
sampling 
bias) 

Yes 
(although 
ADHD 
rating 
scales were 
non-
normalized, 
BRIEF is a 
standardize
d measure) 

Yes (verbal-
report 
paradigm 
based on 
the Theory 
of Visual 
Attention 
and a new 
continuous 
performanc
e test, the 
Dual 
Attention 
to 
Response 
Task was 
effectively 
used) 

Yes (a 
neuropsychologic
al test battery 
with standardized 
tests was used) 

Yes 
(standardiz
ed 
measures 
were used 
such as 
(Mental 
Rotation, 
Water-
Level Task, 
Embedded 
Figures 
Test, 
Visual 
Short-term 
Memory 
Test) 

Yes 
(standardis
ed tests 
such as 
NIMES, 
WISC and 
WPPSI-R 
were used) 

Yes 
(standardi
sed test 
Ravens 
Progressiv
e Matrices 
was used) 

Yes 
(the 
standa
rdized 
measur
es such 
as 
BRIEF 
were 
used) 

Yes 
(parental 
ratings on 
BRIEF were 
used) 

No (PedSQL 
is not a 
valid 
measure 
for children 
with SB and 
SCD 
because it 
does not 
evaluate 
specific 
functioning
, and not 
designed 
for 
respondent
s with SB 
and 
mobility 
impairment 
on 
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 Barnes et al. 
(2011) 

Boyer et al. 
(2006) 

Brown et 
al. (2008) 

Burmeister 
et al. 
(2005) 

Caspersen 
and 
Habekost 
(2013) 

Holbein et al. 
(2014) 

Jansen-
Osmannet 
al. (2008) 

Lindquist 
et al. 
(2009) 

Nejat et al. 
(2007) 

Rose 
and 
Holmb
eck 
(2007) 
 

Tarazi et al. 
(2008) 
 

Ted 
Abresch et 
al. (2013) 

wheelchair
s) 
 

Have the 
authors taken 
account of 
the potential 
confounding 
factors in the 
design and/or 
in their 
analysis? 

Yes (SES was 
utilized as a 
covariate in 
analyses for 
group 
comparisons) 
 

Yes (The 
WISC-III 
Verbal 
Comprehen
sion Index 
and 
Perceptual 
Organizatio
n Index 
measured 
intellectual 
functioning 
to prevent 
confoundin
g, as 
opposed to 
FSIQ) 
 

No (no 
efforts 
were 
made to 
consider 
confoundi
ng factors) 

No (no 
attempt 
was made 
to account 
for 
confoundin
g factors) 

Yes (IQ 
served as 
criteria of 
inclusion to 
prevent 
confoundin
g factors 
related to 
mental 
retardation
) 

No (there was no 
potential 
confounding 
factor considered) 

Yes 
(subjects 
were 
matched 
for 
potential 
confoundi
ng factors 
across the 
experimen
tal and 
control 
group) 

Yes (IQ as 
a 
confoundi
ng factor 
was 
considered
) 

Yes 
(subject 
level of 
attentiven
ess was 
identified 
as a 
confoundi
ng factor 
in the 
evaluation 
of IQ, so a 
measure 
of 
attentiven
ess was 
devised) 
 
 
 
 
 

Yes 
(confo
unding 
variabl
e were 
consid
ered at 
the 
analysi
s 
stage) 

Yes 
(confoundi
ng 
variables 
were 
considered 
during 
analysis) 

No (no 
attempt to 
consider 
potential 
confoundin
g variables 
formed 
part of the 
design or 
analysis) 

 
(Section B: What were the results?) 
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 Barnes et al. 
(2011) 

Boyer et al. 
(2006) 

Brown et 
al. (2008) 

Burmeister 
et al. 
(2005) 

Caspersen 
and 
Habekost 
(2013) 

Holbein et al. 
(2014) 

Jansen-
Osmannet 
al. (2008) 

Lindquist 
et al. 
(2009) 

Nejat et al. 
(2007) 

Rose 
and 
Holmb
eck 
(2007) 
 

Tarazi et al. 
(2008) 
 

Ted 
Abresch et 
al. (2013) 

How large 
was the 
treatment 
effect? 

The SB group 
demonstrated 
lower scores 
compared to 
the TD peers 
on a majority 
of 
mathematical 
tasks  

The group 
main effect 
was 
statistically 
significant 
[F (1, 55) = 
13.21, 
p<0.001]. 
However, 
the overall 
group by 
trial 
interaction 
was not 
statistically 
significant 
[F (3, 52) = 
2.53, 
p<0.07]. 

A single-
sample Z-
test 
revealed 
case group 
average on 
the Meta 
Cognition 
(MI) Index 
differed in 
a 
statistically 
significant 
way from 
a 
normative 
mean of 
50(z=6.81, 
p<0.001) 
in that it 
was lower 
for the 
SBM group 
as 
compared 
to the 
control 
group. 
However, 
the mean 
BRI score 
was not 
different 
from the 
normative 
mean 
(z=1.05, 
p>0.10) 
(Brown et 
al. 2008). 

SBSH group 
differed 
from 
normal 
controls on 
cognitive 
measures 
of 
executive 
functions. 
However, 
subtype 
differences 
were not 
significant.  

case group 
had a 
greater 
number of 
errors of 
omission. 
Furthermor
e, when 
exposed to 
cases of 
irrelevant 
stimuli, 
children 
with SBM 
displayed 
lower levels 
of 
sustained 
attention. 
On a group 
basis, only 
visual 
distractibilit
y was 
significantly 
higher with 
SBM as 
against 
controls 
(U=22.00, 
p=0.044, 
control 
median=0.4
2, patient 
median 
=0.82). 
However, 
all patients 
performed 
with 

Compared to the 
control group of 
children without 
SB, MANOVA 
analysis showed 
the SB group 
displayed less 
adaptive social 
behaviours more 
so with respect to 
the domain of 
interaction style, 
particularly task 
involvement 
(F=34.43, p<01), 
and clarity of 
thought/expressio
n/idea (F= 80.30, 
p<0.01). 

Significant 
differences 
were 
found 
between 
the 
experimen
tal and the 
control 
group on 
the water 
level task, 
mental 
rotation 
task, 
children’s 
embedded 
figure’s 
test and 
spatial 
working 
memory. 
For each of 
the 
visuospatia
l abilities, 
there were 
differences 
between 
the two 
groups, for 
the water 
level task 
(F(1,38)= 
15.26, 
p<0.001, 
η2=0.30), 
the mental 
rotation 
task 

MMC 
Group had 
an average 
IQ of 103 
compared 
with 75 in 
those with 
hydroceph
alus added 
to the 
MMC 
experienci
ng better 
immediate 
and long-
term 
memory 
and 
executive 
functions. 
As against 
controls, 
they had 
difficulty 
with 
learning 
and 
executive 
function, 
prior to 
refinemen
t based on 
exclusion 
of two 
cases 

The IQs for 
the SB 
group 
ranged 
between 
73 and 134 
with a 
mean 
(+SD) of 
96.62+ 
13.01, 
while the 
IQ range 
was 
between 
70 and 128 
and the 
mean was  
104.82+12
.30. 
Therefore, 
compared 
with the 
control 
group, 
there is a 
statisticall
y 
significant 
correlation 
between 
those with 
an MMC 
and a low 
IQ 
(p<0.001, 
paired t 
test). 

The SB 
group 
perfor
med in 
the 
lower 
end of 
the 
averag
e range 
and 
the 
compa
rison 
sample 
perfor
med in 
the 
upper 
end of 
the 
averag
e range  

Significant 
group 
effects 
were noted 
(p=0.05) for 
both BRI 
and MCI 
and 
controls 
had lower 
mean 
ratings as 
against the 
MMH 
group. Age-
by-group 
interaction 
also 
contributed 
significantly 
to the BRI 
(p<0.05). 
While raw 
mean 
scores on 
BRI for 
MMH 
Group 
remains 
stables 
across the 
ages, raw 
mean 
scores in 
the control 
group were 
inversely 
related to 
age. 

The non-
obese 
control 
group 
scored 
higher 
mean 
values on 
the PedSQL 
(87.7 ± 2.1) 
as 
compared 
to obese 
control 
group (75.2 
± 3.4, p  
< 0.02), 
which 
exceeded 
the SCI 
group (63.7 
± 2.2, p < 
0.02), and 
children 
with SB   
(63.0 ± 2.2, 
p < 0.02) 
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 Barnes et al. 
(2011) 

Boyer et al. 
(2006) 

Brown et 
al. (2008) 

Burmeister 
et al. 
(2005) 

Caspersen 
and 
Habekost 
(2013) 

Holbein et al. 
(2014) 

Jansen-
Osmannet 
al. (2008) 

Lindquist 
et al. 
(2009) 

Nejat et al. 
(2007) 

Rose 
and 
Holmb
eck 
(2007) 
 

Tarazi et al. 
(2008) 
 

Ted 
Abresch et 
al. (2013) 

The SBM 
group’s 
mean 
scores also 
differed 
from the 
norms at 
p<0.01 for 
the 
following 
scales: 
Initiation, 
Organizati
on of 
Materials, 
Working 
Memory, 
and 
Plan/Orga
nize. 
MANCOVA 
results 
revealed a 
significant 
group 
main 
effect on 
the MI [F 
(1,73) = 
10.15, 
p<0.01] 
(ηp2 = 
0.12) 
 

normal 
variability 
on the w 
index 
measuring 
attention 
indicating 
symmetrica
l 
distribution 
of weights 

(F(1,38)=7
12, p<0.05, 
η 2= .16) 
and the 
scores on 
the 
embedded 
figures test 
(F(1,38)= 
56.52, 
p<0.001, 
η2=0.60). 
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 Barnes et al. 
(2011) 

Boyer et al. 
(2006) 

Brown et 
al. (2008) 

Burmeister 
et al. 
(2005) 

Caspersen 
and 
Habekost 
(2013) 

Holbein et al. 
(2014) 

Jansen-
Osmannet 
al. (2008) 

Lindquist 
et al. 
(2009) 

Nejat et al. 
(2007) 

Rose 
and 
Holmb
eck 
(2007) 
 

Tarazi et al. 
(2008) 
 

Ted 
Abresch et 
al. (2013) 

How precise 
was the 
estimate of 
the treatment 
effect? 

P values were 
pegged at 
p<0.05 and 
p<0.01.  

P values 
were 
between 
p<0.05 and 
p<0.01.  

P values 
were 
considered 
a t p<0.05 
and 
p<0.01.  

P values 
were 
pegged at 
p<0.01 

P values 
were 
pegged at 
p<0.01 

P values were 
pegged at p<0.01 

P value 
was <0.05.  

P value 
was 
between 
p>0.01 
and 
p>0.001  

P<0.001 P<0.00
1 

P<0.001 P values 
ranged 
across 
p<0.01 to 
p<0.02.  

            Section 
C: Will 
the 
results 
help 
locally? 

    

Can the 
results be 
applied to the 
local 
population of 
children? 

No (it is only 
limited for 
children aged 
3 to 5 years 
group) 

No (as this 
was a case 
control 
study, and 
subjects 
were 
mixture of 
children 
and 
adolescents 
aged 8-15 
years) 

No (as this 
was a case 
control 
study, and 
subjects 
were 
mixture of 
children 
and 
adolescent
s aged 10-
17 years) 

No (as this 
was a case 
control 
study, and 
subjects 
were 
mixture of 
children 
and 
adolescents 
aged 7-16 
years) 

No (as this 
was a case 
control 
study, and 
subjects 
were 
mixture of 
children 
and 
adolescents 
aged 10-14 
years) 

No (as this was a 
case control 
study, and 
subjects were 
mixture of 
children and 
adolescents aged 
6-17 years) 

No (as this 
was a case 
control 
study, and 
subjects 
were 
mixture of 
children 
and 
adolescent
s aged 8-
14 years) 

No (as this 
was a case 
control 
study, and 
subjects 
were 
mixture of 
children 
and 
adolescent
s aged 8-
13 years) 

No 
(although 
the study 
had 
participant 
aged 5 to 
12 years, 
the sample 
relatively 
homogeno
us, and 
results 
cannot be 
generalize
d) 

Yes 
(the 
results 
were 
based 
on use 
of 
standa
rdized 
measur
es and 
a 
rigorou
s 
metho
dology) 

Yes (results 
could be 
generalized 
as parental 
ratings 
were 
obtained 
and typical 
subjects 
were part 
of the 
study, 
based on 
certain 
rigorous 
criteria) 

No (as this 
was a case 
control 
study, and 
subjects 
were 
mixture of 
children 
and 
adolescents 
aged 8-20 
years) 

Do the results 
of this study 
fit with other 
available 
evidence? 

No (this marks 
the first study 
on 
mathematical 
development 
and cognitive 
correlates in 
pre-schoolers 
with SB) 

Yes (Results 
are 
consistent 
with 
previous 
research 
(Barnes et 
al. in press; 
Fletcher et 
al. 1996).  

Yes 
(Similar 
findings in 
traumatic 
brain 
injury 
studies) 

Yes 
(consistent 
with 
previous 
research) 

Yes 
(consistent 
with 
previous 
findings) 

Yes (study adds to 
literature 
examining social 
behaviour in 
children with SB) 

Yes (the 
results 
confirmed 
children 
with SB 
had 
difficulty 
on spatial 
cognition 
tasks) 

Yes (the 
results 
confirmed 
the model 
on SB by 
Dennis et 
al. (2005, 
2006) 

No (no 
previous 
research 
exists, as 
per Nejat 
and 
colleagues
) 

Yes 
(resear
ch 
confir
med 
finding
s) 

Yes (finding 
highlight a 
research 
pattern) 

Yes 
(previous 
studies 
such as 
those by 
William et 
al. provide 
support for 
the 
findings) 
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Table 2.2: CASP Table for Cohort Studies  

Section A: Are the results of the study valid? Bier et al. 2005 
Did the study address a clearly focused issue? Yes 
Is it worth continuing?  
Was the exposure accurately measured to minimise bias? Yes 
Was the outcome accurately measured to minimize bias? Yes 
Have the authors identified all important confounding factors? Yes 
Have they take account of the confounding factors in the design and/or analysis? Yes 
Was the follow up of subjects complete enough? Yes 
Was the follow up of subjects long enough? Yes 
What are the results of the study? HRQOL was used as a DV and multiple regression 

analysis revealed Amount of Assistance Questionnaire, 
HUI-II, WeeFIM self-care had significant correlations 
with quality-of-life ratings (p<0.025). Individuals 
requiring least assistance for every day functioning were 
more independent in terms of self-care skills, reporting 
higher quality-of-life ratings and health status. Children 
with least assistance required for daily living skills had 
higher scores on quality of life. Over half the variance 
was accounted for by the Amount of Assistance 
Questionnaire Score (R=0.744, R2=0.553) and the results 
were statistically significant (p=0.001). 

How precise are the results? P<0.001 
Do you believe the results? Yes 
Can the results be applied to the local population? Yes 
Do the results of this study fit with other available evidence? Yes  
What are the implications of this study for practice? Results show better quality of life for those receiving 

least assistance for everyday functioning.  
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Table 2.3: CASP Table for Cross-Sectional Studies  
 Calhoun and 

Mayes (2005) 
Flanagan et 
al. (2013) 

Heffelfinger 
et al. (2008) 

Jacobsen et 
al. (2013) 

Müller‐
Godeffroye
t al. (2008) 

O’Hara and 
Holmbeck 
(2013) 

Riddle et al. 
(2005) 
 

Vachha and 
Adams 
(2005) 
 

Vinck et al. 
(2010) 
 

Wasserman 
and 
Holmbeck 
(2016) 
 

Luz et al. 
(2017) 

(Section A: 
Are the 
results of 
the study 
valid?) 
 
Did the 
study 
address a 
clearly 
focused 
issue? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes (the 
study 
examined 
the relation 
between 
motor 
function, 
cognition, 
independenc
e and quality 
of life in 
MMC group 
as against 
peers) 

Section B: 
Method 

           

Was the 
study 
design 
appropriat
e for stated 
aims? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

            
Have they 
take 
account of 
the 
confoundin
g factors in 
the design 
and/or 
analysis? 
 
 
 
 
 
 
 
 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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 Calhoun and 
Mayes (2005) 

Flanagan et 
al. (2013) 

Heffelfinger 
et al. (2008) 

Jacobsen et 
al. (2013) 

Müller‐
Godeffroye
t al. (2008) 

O’Hara and 
Holmbeck 
(2013) 

Riddle et al. 
(2005) 
 

Vachha and 
Adams 
(2005) 
 

Vinck et al. 
(2010) 
 

Wasserman 
and 
Holmbeck 
(2016) 
 

Luz et al. 
(2017) 

     
What are 
the results 
of the 
study? 

On 
Perceptual 
Organization 
Index (POI) 
and 
Processing 
Speed Index 
(PSI), 
children with 
SB and 
hydrocephal
us scored 
lower than 
the mean 
(100(z=3.2, -
11.4, 
p<0.01). 

Therefore, 
higher school 
quality of life 
(QOL)(p=0.01
6) and lower 
social anxiety 
(p=0.037) was 
observed in 
the SCI group 
as compared 
to children 
with SB. 
Children with 
SCI who also 
had 
paraplegia 
reported 
higher overall 
(p=0.034) and 
school 
(p=0.014) 
QOL, besides 
participating 
in a greater 
number of 
activities than 
SB 
participants 
(p=0.015). 
The SCI group 
that was 
paraplegic 
also 
experienced 
lower 
symptoms of 
depression 
(p=0.065) and 
fewer feelings 
of 

Researchers 
found level of 
lesion, age 
and EF 
factors 
correlated 
with 
functional 
outcome in a 
statistically 
significant 
way. 
Age(r=0.58), 
level of lesion 
(r=0.72), 
EF(r=0.48) 
and 
protective 
factor 
activities 
(r=0.76) were 
significantly 
associated 
(p<0.01) with 
outcomes of 
functional 
independenc
e. Utilizing 
hierarchical 
regression 
analysis, the 
researchers 
found the 
model 
accounted 
for a major 
percentage 
(61%) of the 
variance in 
functional 

Differences 
in general 
adaptation 
and EF 
behaviours 
among 
children with 
SB. EFA and 
Pearson’s r 
assessed 
factor 
structure, 
reliability 
and 
construct 
validity of 
KKIS-SB. The 
scale had an 
internal 
consistency 
of 0.891. EFA 
yielded four 
factors, 
accounting 
for 65.1% of 
total 
variance. 
Two primary 
subscales 
were also 
created. In 
this cross-
sectional 
cohort 
study, KKIS-
SB total 
scores and 
subscales 
displayed 
significant 

Across 
several 
HRQQL 
dimensions
, MMC 
patients 
scores also 
suggested 
medium 
effect size 
on scales 
associated 
with self-
esteem 
(d=0.5) and 
emotional 
wellness 
(d=0.6), 
and large 
effect size 
in the 
friend’s 
scale 
(d=0.8). 
For the 
teen 
subgroup 
(N=17), 
mean 
scores did 
not differ 
considerab
ly from 
norm data 
in a 
majority of 
the scams, 
except in 
friend’s, 
and lower 

A significant 
positive main 
effect 
emerged for 
level of 
disability (t 
(114) =2.74, 
p<0.05, 
t(91)=3.79, 
p<0.001) 
indicating 
higher levels 
of adherence 
for those 
with higher 
gross motor 
dysfunctions, 
however. 
Additionally, 
statistically 
significant 
positive main 
effects 
emerged 
from 
maternal 
acceptance [t 
(111) = 4.58, 
p<0.001] and 
maternal 
behaviour 
control (t 
(111) = 4.68, 
p<0.001) for 
predicting 
adherence 
once IQ, level 
of disability 
and age were 
controlled. 

Participant
s generally 
displayed 
better-
developed 
verbal than 
non-verbal 
skills, with 
average 
Verbal 
(VIQ) and 
Performanc
e (PIQ) IQ 
scores of 
91.0 and 
79.6, 
respectivel
y. A paired-
samples t-
test 
indicated a 
statistically 
significant 
difference 
between 
VIQ and 
PIQ scores 
[t (29) = 
4.37, p< 
0.0001]. 

Children in 
the MM/SH 
group also 
differed 
from their 
matched 
counterpart
s on 
temperame
nt domains 
like 
adaptability 
(less 
adaptable, 
p<0.001), 
approach, 
withdrawal 
(poor first 
approach to 
a new 
stimulus, 
p<0.001), 
distractibilit
y (more 
distractible; 
p<0.004) 
and 
attention 
persistence 
(less 
attentive, 
p<0.01) and 
rhythmicity, 
predictabilit
y in terms of 
biological 
functions 
(p<0.01). 

The study 
found that 
47.4% of the 
participants 
showed 
impaired 
cognitive 
functioning. 
Within the 
non-retarded 
group, 
children with 
MMC were 
considerably 
impaired, 
compared to 
those with 
Spina Bifida 
alone on 
some 
(performance 
intelligence 
quotient 
[PIQ] and full 
spectrum 
intelligence 
quotient 
[FSIQ]) but 
not the 
verbal 
intelligence 
quotient 
(VIQ) 
measure. 
Vinck et al. 
(2010) found 
similar 
differences 
among the 
subgroups on 

Wasserman 
and 
Holmbeck 
(2016) found 
a three-
cluster 
solution, 
which was 
also 
corroborated 
with two 
other 
methods of 
cluster 
analysis.  
Clusters were 
labelled in 
the following 
ways: 
“average to 
low-average” 
(N=39), 
“broadly 
average with 
verbal 
strength” 
(N=29) and 
“extremely 
low to 
borderline” 
(N=27) 
(Wasserman 
and 
Holmbeck 
2016). 
Socioeconom
ic status, 
lesion levels, 
seizure 
histories 

GMFM 
correlated 
strongly with 
mobility 
(r=0.925) 
(PEDI-M) and 
moderately 
with self-care 
(r= 0.654) 
(PEDI-SC), 
and social 
function 
(r=0.603) 
(PEDI-SF). 
Strong and 
direct 
correlations 
were 
observed 
between 
lesion level 
and GMFM 
(r=0.915) and 
between 
lesion levels 
and mobility 
(r=0.830). 
Lesion level 
correlated 
highly 
(r=0.915) 
with GMFM 
and 
moderately 
(r= 0.830) 
with 
mobility. It 
correlated 
moderately 
with self-care 
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Mayes (2005) 

Flanagan et 
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Jacobsen et 
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(2005) 
 

Vachha and 
Adams 
(2005) 
 

Vinck et al. 
(2010) 
 

Wasserman 
and 
Holmbeck 
(2016) 
 

Luz et al. 
(2017) 

ineffectivenes
s (p=0.093) as 
compared to 
the SB group.  
 

independenc
e outcomes. 

associations 
with age 
(total score: 
r=0.628, 
p<0.001, 
prospective 
memory 
scale: 
r=0.589, 
p<0.001, 
initiation of 
routine: 
r=0.511, 
p<0.001) 

HRQQL 
(d=1.0) 
were noted 
in sample 
studies. 

Association 
between 
parent/teach
er report of 
EF and 
adherence 
was qualified 
by maternal 
behavioural 
control and 
BRIEF 
interaction (t 
(109) = 238, 
p<0.05). 

visual motor 
integration, 
as measured 
by the VMI 
and disk 
tasks. On fine 
motor and 
simple speed 
tasks, the 
researchers 
did not find 
significant 
differences 
between 
groups. 
However, the 
findings lack 
generalizabili
ty due to the 
limited 
number of 
cases in the 
different age 
group 
categories 
studied 

were all 
significant 
predictors of 
group 
membership 

(r=0.582), as 
well as social 
function 
(r=0.529). 
Cognition, as 
measured by 
RPM, was 
moderately 
related to 
mobility 
(r=0.469), 
self-care 
(r=0.410) and 
social 
function 
(r=0.465). 
Self-care, 
social 
function, and 
mobility 
were 
strongly 
correlated 
and social 
function 
itself was 
correlated 
moderately 
with the 
AUQEI 
(r=0.488), 
while age 
was 
moderately 
correlated 
with quality 
of life 
(r=0.457), 
self-care 
(r=0.409) and 
social 
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functioning 
(r=0.683). 
Hydrocephal
us influenced 
gross motor 
function 
(p<0.001) 
and 
cognition 
(p=0.04). 
Those with 
hydrocephal
us showed 
poor 
cognitive and 
motor 
performance, 
and lower 
functional 
independenc
e, too 

How 
precise are 
the results? 

P<0.01 P<0.01 P<0.001 P<0.001 P<0.001 P<0.05 P<0.01 P<0.001 P<0.001 P<0.001 P value 
ranged from 
p>0.001; 
p>0.013.  

Can the 
results be 
applied to 
the local 
population 
of 
children? 
 

No No No No No No No No No No No 

What are 
the 
implication
s of this 
study for 
practice? 

The study 
offers new 
directions for 
future 
research.  

The study 
leads the way 
for 
practitioners 
and 
researchers.  

The study is 
associated 
with relevant 
implications 
for clinicians, 
parents, and 
researchers.  

The study 
has value for 
understandi
ng the role 
of KKIS-B on 
future SB 
research.  

The study 
examines 
EF and SB 
about 
emotional 
wellness.  

Parent 
teacher 
report of EF 
has 
important 
implications 
for research,  

Important 
implication
s for 
research on 
verbal and 
performanc
e IQ.  

Important 
comparison 
group 
research for 
practitioner
s.  

Important 
research 
findings on 
VIQ and PIQ 
for SB 
practitioners.  

Insightful 
research on 
SB and 
cognitive and 
psychosocial 
adaptability.  

The study 
shows the 
importance 
to consider 
social 
functioning 
by lesion 
level. 
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Table 2.4: Summary of Literature Reviewed 

Author, 
Year 
and 

Country 
 

Objective Measurement 
Tools 

Study 
design and 

sample 

Findings Limitations Strengths  

Barnes 
et al. 
2011, 
USA, 
Canada  

To 
understan
d the 
typically 
developm
ent with 
Spina 
Bifida 
children at 
age 3 and 
5 years. 
The study 
aims to 
analyse 
visual-
spatial, 
vocabulary 
knowledge
, oral 
counting, 
fine motor 
skill, and 
object-
based 
abilities to 
understan
d typically 
developm
ent 

Test of early 
Mathematics 
Ability-2, 
TEMA-2 
 
Stanford-Binet 
Intelligence 
Scales, Fourth 
Edition, Spina 
Bifida-IV 
 

Case-
control/  
 
Total 
sample N= 
200 (36 
months: 
N=102, 60 
months: 
N=98), 36 
months 
included 51 
with Spina 
Bifida,  
and 51 
controls. 
Subjects 
aged 60 
months 
with Spina 
Bifida, (N= 
49) and 
controls 
(N=49) 
 

Groups are 
significantly 
different as 
control and 
experimental 
group aged 3-5 
years. 
However, both 
groups have 
the same 
factors as 
visual-spatial, 
vocabulary 
knowledge, 
and abilities to 
predict, except, 
the patterns of 
mathematical 
performance 
and predictors, 
but in age of 
60-month 
visual-spatial, 
phonological 
awareness, and 
fine motor skill 
were 
differentially 
related to 
object-based 
arithmetic 
skills than to 
36-month age. 
The Motor skill 
uniquely 
predict object-
based 
arithmetic 
abilities in 
both. 
 

The study 
lacks 
measures of 
strategy use 
evaluation. 
Cognitive 
correlates 
such as 
working 
memory 
were not 
considered. 
Tasks at the 
same age 
were not 
uniform.   

This marks 
the first 
study to 
assess math 
abilities in 
very young 
children 
with SB.  

Bier et 
al. 
2005, 
USA 
 
 
 
 
 
 
 
 
 

To study 
the impact 
of 
functional, 
health and 
social 
factors at 
HRQOL 
with those 
with 
MMC. 

Kaufman Brief 
Intelligence 
Test (K-BIT) is 
used. It 
consists at 
three parts: 
functions, 
health and 
social factors 
and was 
completed by 
parents as well 
as the subjects. 
Other 
measures 

Cohort 
 
N=34  
Aged 4-
27years 
(mean=13, 
SD = 6 
years) 
 

Multiple 
regression 
analysis 
revealed 
HRQOL as a DV 
and AAQ, 
WeeFIM self-
care and HUI-II 
were 
significantly 
correlated with 
quality-of-life 
ratings 
(p<0.025). 
 

Multi-group 
analysis not 
applied; 
community 
participatio
n not 
explicitly 
measured.  

Use of a 
variety of 
measures to 
assess 
impact of 
functional 
health and 
social 
factors or 
quality of 
life in 
children 
with MMC.  
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included HUI-
II, WeeFIM and 
AAQ.  

 
 

Boyer 
et al. 
2006, 
USA 

To 
examine 
the 
working 
memory 
and 
informatio
n 
processing 
speed in 
children 
with 
Myelomen
ingocele. 

Children 
version of 
Paced Auditory 
Serial Audition 
Test 
(CHIPASAT), 
Wechsler 
Individual 
Achievement 
Test (WIAT),  
Weschler 
Intelligence 
Scale for 
Children-Third 
Edition (WISC-
III), 
 
 

Case-
control 
 
Myelomeni
ngocele and 
shunted 
hydrocephal
us N=31 
Healthy 
siblings 
N=27,  
range= 8-
15years 
 

Children with 
shunted 
hydrocephalus 
and 
myelomeningo
cele show 
insufficiencies 
in information 
processing and 
working 
memory speed. 
CHIPASAT is 
more valid 
scale as 
working 
memory and 
processing 
speed were 
significant 
predictors of 
average 
number of 
correct 
responses. 
 

Different 
others scale 
can be used 
to measure 
subject 
variables. 
Multi group 
analysis 
should have 
been 
applied on 
children 
with 
different 
age and IQ. 
Siblings 
differed 
from the 
subjects on 
age and IQ.  

Results 
stress on 
the 
importance 
of studying 
working 
memory 
and 
processing 
speed in 
children 
with MMC.  

Brown 
et al. 
2008, 
USA 

 WAIS-III; 
Wechsler, 
1991, and 
1997 used for 
children and 
adult 
respectively 

Case-
control 
 
N=77 
(healthy 
children=35, 
MMC= 42)  
Aged range 
10-17  
 

Single-sample 
z-test: 
Case group 
average on 
Metacognition 
Index (MI) was 
statistically 
different from 
the normative 
mean, and 
BRIEF 
subscales 
Initiation, 
Working 
Memory, 
Plan/Organize 
and 
Organisation of 
Materials. 
MMC group is 
more 
complicated 
than to control 
group in 
metacognition 
but not in 
behaviour 
regulation. 
MMC can 
predicted by 
distress of 
parent’s 
psychology. 
These finding 
was not same 

Recruitment 
through 
Hospital. 
Reliance of 
single 
informant. 
Only one 
criterion for 
matching- 
SES. 
 
 

Highlights 
the 
importance 
of 
increasing 
risk for 
metacogniti
ve 
difficulties 
in children 
with shunt 
procedures 
or seizure 
history.  
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as BRIEF 
manual (T>65) 
 

Burmei
ster et 
al. 
2005, 
USA 
and 
Canada 

To address 
the 
incidence 
of ADHD in 
children 
with Spina 
Bifida 
MMC and 
hydroceph
alus 
(MMC), 
and 
difference
s in 
executive 
functions 
compared 
to 
controls.  

Stanford Binet 
Test- Fourth 
Edition 
(Executive 
functions) 
(Clinic) 
 
Three scale are 
used. 
Woodcock 
Johnson test of 
Cognitive 
Abilities-
Revised 
(Working 
memory and 
Problem 
solving) 
(Clinic), 
California 
Verbal 
Learning Test- 
Children’s 
Version (CVLT-
C) 
(Learning 
efficiency and 
semantic 
clustering) 
(Clinic), and 
Swanson Nolan 
Achenbach 
Pelham-IV 
(SNAP-IV) 
Parent rating 
scale to 
identify 
presence of 
ADHD 
 
BRIEF (Parent) 
 

Case-
control  
 
Total N=205 
(7-16 years) 
without 
Spina Bifida 
Hydrocepha
lus N=41 
with Spina 
Bifida 
Hydrocepha
lus N=164  
 

SNAP-IV: z-test 
shows that 
children with 
MMC and 
hydrocephalus 
had a 
significantly 
higher rate of 
ADHD than the 
highest 
previous 
estimates in 
the normal 
population 
with p<0.0001. 
Children with 
MMC and 
hydrocephalus 
(regardless of 
the ADHD 
subtype) had 
significantly 
lower scores 
than the 
control group 
The results of 
One-way 
MANOVA on 
BRIEF 
subscales 
shows the 
significant 
effect of MMC 
and 
hydrocephalus 
with p<0.0001 
 
 

No 
matching 
for 
potential 
confounder
s between 
the groups.  
 
Despite the 
large 
sample size, 
few children 
were 
classified as 
ADHD-C and 
ADHD-HI. 
Effect sizes 
were small. 
Due to non-
normality of 
ADHD tool, 
ADHD may 
be 
overestimat
ed in the 
study.  

Spurs 
further 
research in 
the area, 
drawing a 
wealth of 
observation
s on ADHD 
and SB and 
their 
interrelation
ship in 
children 
diagnosed 
with these 
conditions.  

Calhou
n and 
Mayes 
2005, 
USA 

To assess 
the 
processing 
speed in 
children 
with 
clinical 
disorders 
with 
Processing 
Speed 
Index (PSI) 

(WISC-III) 
Weschler 
Intelligence 
Scale for 
Children use to 
measure 
processing 
speed 

Cross-
sectional 
 
N =980  
Age range = 
6-16 
Mean= 9 
years 
SD= 3 
19 children 
with Spina 
Bifida and 
hydrocephal
us 
Other 
samples are 
diagnosed 
as ADHD, 

Finding shows 
that Processing 
Speed Index IQ 
and Freedom 
from 
Distractibility 
Index IQ was 
low among 68 
% and 74% of 
children 
respectively 
(not 
significantly 
low). 

Small size of 
sample for 
diagnostic 
validity. It 
may face 
the issue of 
generalizabi
lity. 
Unequal 
subgroup 
sizes.  
 

Profile 
analysis 
provided 
useful data 
and the 
study 
offered 
reliable 
conclusions 
regarding 
process 
speed in 
children 
with clinical 
disorders, in 
general, and 
SB, in 
particular.  
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ADD, 
bipolar 
disorder 
and autism, 
etc. 
 

Caspers
en and 
Habeko
st 2013, 
Denmar
k 

To assess 
the 
sustained 
attention 
deficits in 
children 
with Spina 
Bifida 
Myelomen
ingocele, 
movement 
as 
independe
nt factor 
and 
introduce 
a stronger 
research 
methodolo
gy for 
research 
on 
attention 
deficits in 
children 
with SB.  

Intellectual 
skill measured 
with WISC-III s 
ale, 
Theory of 
Visual 
Attention 
(TVA), Dual 
Attention to 
Response Task 
(DART),  
(Attention 
response) 

Case-
control, 
6 cases, and 
18 controls 
cases with 
mean 12.5 
and SD = 
1.0, and 15 
girls 
Clinic 

DART response 
errors: 
Case group had 
significantly 
more errors of 
omission and 
premature 
presses. In the 
case of 
irrelevant 
stimuli, the 
MMC group 
significantly 
less efficient 
and failed to 
get sustained 
attention. Also 
finding 
strength the 
novel testing 
method for 
assessing 
attention 
function in age 
of 10 – 14 
years.   

A small 
sample size 
is selected 
for Spina 
Bifida 
Myelomeni
ngocele 
patients 
and 
differentiat
e outcomes 
by medical 
variables 
such as 
spinal lesion 
level for 
more 
individual 
focused and 
quality 
intervention
s. 
Performanc
e on 
attentional 
tasks is 
confounded 
by 
impairment 
of abilities 
such as fine 
motor skills.  
 

Present 
study 
enhances 
deeper 
understandi
ng of 
sustained 
attention 
deficits in 
SB and 
proposes 
robust 
methodolog
ical 
frameworks
.  

De la 
Torre et 
al. 
2017, 
Spain 

To assess 
attention 
lapses in 
children 
with Spina 
Bifida and 
hydroceph
alus. 

Attention 
lapses 
measured with 
Spina Bifida 
Hydrocephalus 
using SNB 
computerized 
tests and 
executive 
functioning 
tests, Symbol 
Digit 
Modalities Test 
(SDMT), Trail 
Making Test 
Form B (TMT-
B), and 
correlations 
 
(Attention/exe
cutive skills)  

Case-
control 
 
N =85 
Age range = 
6-16 years 
Three 
groups, 
Spina Bifida 
Hydrocepha
lus = 28 
(male=10, 
female=18, 
M=18, 
SD=2.49) 
ADHD = 30 
(male=13, 
female= 17, 
M=12.94, 
SD=2.21) 
CRL = 26 
(male=12, 
female= 14, 

Finding show 
that all groups 
are 
significantly 
different. The 
healthy 
children and 
Spina Bifida 
Hydrocephalus 
group obtained 
the higher 
scores then to 
ADHD group. 
Neuropsycholo
gical 
performance 
can be affected 
with shunt-
related 
infections and 
shunt 
revisions. 
Reaction time 
and lapses of 

Sample size 
may trigger 
issues for 
generalisabi
lity of 
findings.  
Multi group 
analysis 
should be 
used, as 
well.  

Proposes 
reliable 
conclusions 
for 
assessing 
attentional 
lapses in 
children 
with SB.  
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M=12.96, 
SD=1.88) 
28 cases 
and 26 
controls  
 

attention both 
are important 
factors to 
know the 
cognitive 
deficits in 
Spina Bifida 
Hydrocephalus.  
 
 

Flanaga
n et al. 
2013, 
USA 

To 
describe 
psychosoci
al 
outcomes 
of children 
and 
adolescent
s with 
early-stage 
spinal cord 
injury (SCI) 
and Spina 
Bifida  

Children’s 
Depression 
Inventory (CDI) 
 
Children’s 
Manifest 
Anxiety Scale 
(RCMAS) 
 
PedsQL 
 
Self-completed 
by participants 

Cohort 
First 
analysis  
N = 475 
SCI (N=475) 
Spina Bifida 
(N=11) 
Age range = 
1-18 years 
Second 
analysis  
SCI n = 83 
Spina Bifida 
(N=54) 
Under 3 
years age 
 
 

Those with SCI 
(tetraplegia 
and paraplegia 
combined) had 
higher school 
HRQOL, less 
anxiety 
regarding 
social 
concerns/conc
entration than 
to Spina Bifida. 

This study 
assumed 
that there is 
no 
significant 
different in 
participants 
for age, sex, 
race, 
primary 
means of 
mobility 
and number 
receiving 
special 
education 
services.  
 
Small 
sample size. 
 
Groups 
differed on 
injury/moto
r 
capabilities. 
Not enough 
subjects in 
each group.   
 

Study shows 
those 
injured or 
impacted by 
SCI and SB 
respectively 
are likelier 
to have a 
higher 
quality of 
life if 
paraplegia 
struck 
earlier.  

Fletche
r et al. 
2005, 
USA 
and 
Canada  

To 
evaluate 
whether 
the level 
of spinal 
lesion is 
associated 
with 
variations 
in 
anomalous 
brain 
developm
ent and 
neurobeha
vioural 
outcomes 
in  
Children 
with MMC 
and 
hydroceph
alus.  

Magnetic 
resonance 
Imaging (MRI),  
Stanford-Binet 
Intelligence 
Test-IV (verbal 
and non-verbal 
intelligence),  
WJR Basic 
Reading (word 
recognition)  
WJR Passage 
Comprehensio
n (reading 
comprehensio
n)  
WJR 
Calculations 
(math)  
SIB-R (adaptive 
behaviour)  
Clinic  

Cross-
sectional  
268 children 
with MMC 
and shunt-
treated 
hydrocephal
us in total, 
of which  
(82 children 
had lesion 
on the level 
T-12 and 
above,  
186 children 
had lesion 
on the level 
L-1 and 
below)  
Aged 
between 7 
and 16 
years.  

Upper-level 
lesions were 
found to be 
common in 
Hispanics than 
in non-
Hispanics (Chi 
square 4.37, df 
1, p<0.04), and 
girls (Hispanic 
vs non-
Hispanic) were 
more likely to 
have upper-
level lesions 
than boys (Chi  
square 5.99, df 
1, p<0.002)  
Upper-level 
lesion was 
associated 
with:  

Did not 
include 
other 
factors that 
may 
contribute 
to 
outcomes 
studied, 
such as: age 
at first 
shunt 
placed, 
number of 
shunt 
revisions, 
and  
epilepsy 
among 
others.  
  

Pioneer 
study to 
differentiate 
neurobehav
ioral 
outcomes 
by lesion 
levels in 
children 
with SB. 
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 Reduced 
cerebrum and 
cerebellum 
volumes.  
Children with 
upper-level 
lesions were 
more likely to 
be non-
ambulatory 
(Chi square 
73.7, df 1, 
p<0.0001)  
Smaller brain 
volumes [F(1, 
84) = 6.56, 
p<0.02), less 
gray matter 
[F(1, 84) = 6.86, 
p<0.01), and 
white matter 
[f(1, 84) = 6.91, 
p<0.01) 
(upper-lesion, 
n= 25 Vs lower-
lesion, n= 61), 
and also 
cerebellar 
volume [F(1, 
89) = 20.85, 
p<0.0001) 
(upper-lesion, 
n= 28 Vs lower-
lesion, n= 63)  

Heffelfi
nger et 
al. 
2008, 
USA 

To test 
neuropsyc
hological 
impairmen
t by 
assessing 
executive 
function as 
a risk 
factor for 
functional 
independe
nce in 
adolescent
s with 
Spina 
Bifida. 

To assess the 
IQ with 
Kauffman Brief 
Intelligence 
Test (KBIT),  

Cross-
sectional 
 
adolescents 
with Spina 
Bifida n = 43 
age range = 
12-21 
M = 15.67 
SD = 2.4 
Male = 44% 
Female = 
56% 

Level of lesion, 
age, protective 
and executive 
functioning 
factors are 
significantly 
correlated with 
functional 
outcome. 
These factors 
show 61% 
variance in 
functional 
independence 
outcomes.  The 
executive 
functioning 
plays the role 
of mediating 
impact of 
neurological 
severity and 
functional 
independence 
outcome in 
hierarchical 
regression, 
with p=0.013 
 

Has not 
included 
other 
comorbiditi
es such as 
epilepsy, 
hydrocephal
us, shunt 
status, etc. 
for 
neurological 
severity. 
 
Many other 
factors can 
mediate the 
relationship 
of 
neurological 
effects with 
functional 
outcomes 
need to 
identify  

Study has 
important 
implications 
for patient 
care and 
future 
research.  
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Holbein 
et al. 
2015, 
USA                                                                                                                                                    

Examine 
the 
difference
s in social 
behaviours 
that 
observed 
peer 
interaction
s between 
adolescent
s and 
children 
with their 
peers and 
Spina 
Bifida. 

Comprehensiv
e Assessment 
of Spoken 
Language 
(CASL) 
(Language 
within social 
context) 
Wechsler 
Abbreviated 
Scale of 
Intelligence 
(WASI) 
(Basic 
Language) 
Diagnostic 
Analysis of 
Nonverbal 
Accuracy- 
Second Edition 
(DANVA2) 
(Emotion 
Regulation) 
Test of 
Everyday 
Attention- 
Children (TEA-
Ch) 
 
Cognitive 
Assessment 
System (CAS) 
(Number 
detection test 
for focused 
attention) 
 

Case-
control 
Qualitative 
study 
Participants 
with Spina 
Bifida N = 
100 
Age range = 
8-15 years  
M = 11.20 
years 
SD = 2.43  
Female = 
55% 
Controls 
participant 
N=100 
Age range 
6-17 
M=11.05 
SD=2.71 
Female=57
% 

It’s found by 
MANOVA that 
both groups 
are 
Significantly 
different with 
respect to 
interaction 
style  
Individuals 
with Spina 
Bifida were less 
involved in 
interactions 
they spoke 
with less 
clarity, less 
confident 
stating 
opinions, 
offered fewer 
explanations of 
their opinions, 
show more off-
task behaviour, 
and were less 
mature.  

No 
matching 
for 
confounder 
like age, 
Socioecono
mic status  
Comparison 
between 
children 
with SB and 
their peers 
was not 
independen
t, as peers 
were 
friends of 
the subject 
earlier on. 
Children 
who could 
not recruit 
their friends 
were 
excluded 
from the 
study.  

Study serves 
a as a 
catalyst for 
research 
questions.  

Jacobso
n et al. 
2013, 
USA 

To assess 
executive 
functionin
g in self-
care skills 
and its 
implement
ation in 
individual 
with Spina 
Bifida.  

Kennedy 
Krieger 
Independence 
Scales- Spina 
Bifida Version 
(KKIS-SB) 
 
Adaptive 
Behavior 
Assessment 
System- 
Second Edition 
(ABAS-II) 
 
BRIEF 

Cross-
sectional 
 
Children 
and adults  
22 tested 
with ABAS-
II, and 
18 tested 
with BRIEF. 
 
Aged 
between 10 
and 29 
years 
 
Parents 
 

Adaptive skills- 
ABAS-II 
General 
Adaptive 
Composite 
Score (GAC): 
Mean=85.95, 
SD=22.14,  
t (20) = -0.291, 
p=0.009 
 
Executive 
function 
behaviours- 
BRIEF GEC: 
Mean=61.59, 
SD=12.23, t 
(16) = 3.91, 
p=0.001. 
 

Selection 
bias. 
Therefore, 
results may 
be skewed 
in favour of 
those with 
better 
adaptive 
functioning.  

Proposes 
the KKIS-SB 
for further 
research 
studies.  

Jansen-
Osman
n et al. 
2008, 
Germa
ny 

To 
examine 
spatial 
cognition 
in children 

German 
version of 
WISC-III 

Case-
control 
 
children 
with Spina 
Bifida 

Significant 
difference 
found in water-
level task,  
Children’s 
embedded 

Limited 
information 
to 
understand 
neurological 
structure 

The study 
has 
implications 
for future 
research 
and theory.  
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with Spina 
Bifida. 

Myelomeni
ngocele n = 
20 (group 
M= 96.55 
group SD= 
12.88 
control 
group n = 
20 
(M=101.45, 
SD=11.29) 
age range = 
8-14 
 
 

figures test, 
Mental 
rotation task, 
And Spatial 
working 
memory. The 
control 
children 
perform well 
then to 
children with 
Spina Bifida.  

and 
functioning. 
The spatial 
behaviour 
of children 
with Spina 
Bifida and 
knowledge 
task is still 
needed to 
understand 

Kelly et 
al. 
2012, 
USA 

To assess 
executive 
functionin
g and 
psychologi
cal 
outcomes 
in children 
and 
adolescent
s with 
MMC. 

Behaviour 
Assessment 
System for 
Children, 
second edition 
(BASC-2) 
 
 

Case-
control 
 
Respondent 
with MMC 
n= 51 
Controls 
respondent 
= 45 
Age range = 
10-17 years 
 

Result shows 
that 
metacognitive 
skills well 
explained the 
relationship 
between both 
groups, as 
reported by 
mothers. The 
BRIEF majorly 
effects to this 
relationship 
like plan or 
organize and 
working 
memory. 
 

This study 
did not 
discuss the 
causality 
factor. The 
study has 
pointed the 
space for 
assessing 
outcome in 
the younger 
cohort of 
children. 
The sample 
size is not 
enough to 
generalize. 
 

 

Lindqui
st et al. 
2009, 
Sweden 

Explore 
the 
hydroceph
alus and 
myelomen
ingocele 
(MMC)EFF
FECTS on 
neuropsyc
hological 
functions 
and 
intelligenc
e in 
population
-based 
series of 
children 

WISC-III 
(Intelligence) 
Neuropsycholo
gical 
assessment of 
the school 
aged child 
(NIMES) 
WISC-III 
version 1992 
use to 
measure 
without 
hydrocephalus 
and with 
MMC.  

Case-
control 
 
MMC, MMC 
with 
hydrocephal
us = 08 with 
IQ of at 
least 70 
Male = 05 
Female =03 
Control 
participant 
n =8 
Age range 
=8-13 years  
 
 

MMC and 
Controls group 
are significant 
difference in 
Learning and 
Executive 
abilities. When 
the 
hydrocephalus 
added to 
children who 
had only MMC 
with IQ of 75 
compared with 
103 show the 
better 
executive 
functions and 
long-term 
memory. With 
hydrocephalus, 
MMC, and 
Spina Bifida 
had difficulty 
with executive 
function, and 
learning than 
to controls 
group. When 
authors 

Sample size 
is small for 
generalisati
on.  

Supports 
the need for 
prevention 
of 
hydrocephal
us given its 
role in 
mediating 
impact on 
intelligence 
and 
neuropsych
ological 
functioning.  
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considered the 
IQ >70 only, 
finding show 
the same result 
as control 
group. 
 

Luz et 
al. 
2017, 
Brazil 

To assess 
the 
relationshi
p among 
cognition, 
motor 
function, 
independe
nce, age, 
lesion 
level, and 
quality of 
life in 
Spina 
Bifida 
myelomen
ingocele. 
This study 
also 
examines 
the effect 
of 
hydroceph
alus at 
above 
variables.  

Pediatric 
Evaluation of 
Disability 
Inventory 
(PEDI), 
Gross Motor 
Function 
Measure with 
motor function 
skill, Cognitive 
function assess 
with Raven’s 
Colored 
Progressive 
Matrices 
 Functional 
independence 
was analysed 
with PEDI, and 
Auto 
questionnaire 
Qualité de vie 
Enfant Imagé- 
AUQEI use to 
measure the 
QOL. 
 

Cross-
sectional 
 
N = 47 
Age range = 
6-20 
 
 

Finding shows 
that all variable 
is significantly 
correlated with 
each other’s, 
and 
hydrocephalus 
also have 
significant 
impact at 
them. 
Whoever the 
presence of 
hydrocephalus 
to be 
negatively 
influencing 
gross motor 
function and 
cognition 
 
 

GMFM in 
need to be 
validated on 
MMC 
patients.  

Study 
promotes 
accurate 
assessment 
and better 
outcomes 
for patients 
with MMC> 

Müller‐
Godeffr
oy et 
al. 
2008, 
Germa
ny 

To assess 
health 
related 
quality of 
life in 
adolescent
s and 
children 
with Spina 
Bifida 
Myelomen
ingocele. 
 
To 
examine 
the impact 
of clinical 
impairmen
ts and 
limitations 
in 
activities 
of daily 
living. 
 

Child 
Behaviour 
Checklist 
(CBCL) and 
sociodemogra
phic 
questionnaire 
included sex, 
age, school 
type, etc. 

Cross-
sectional 
 
N=50 
Age 
range=8-16 
years 
Males=22 
Female=28 
M=12 years 
SD=2.4 
years 
 

Daily life 
activities were 
not found to 
be significantly 
associated with 
health-related 
quality of life 
(HRQOL). This 
study confirms 
linear inverse 
relationship in 
condition 
severity and 
HRQOL and do 
not validate 
the inverse 
relationship of 
physical 
impairment 
and HRQOL.  
 

Lack of 
comparison 
group and 
small 
sample size  

Highlights 
the linear 
inverse 
relationship 
between 
HRQOL and 
MMC and 
stresses the 
value of 
peer 
support for 
better 
recovery 
outcomes.  

Nejat et 
al. 
2007, 
Iran 

To 
evaluate 
IQ s in a 
group of 

Ravens 
progressive 
Matrices test is 
use for IQ 

Case-
control 
 

Both groups 
were similar 
according to 
SES.  The 

Control 
group 
include 
those 

Spinal 
lesions did 
not 
correlate 
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children 
with 
MMCs and 
test the 
relationshi
p between 
intelligenc
e level and 
presence 
of MMC 
and/or its 
difficulties. 

50 cases 
and 50 
controls 
Aged 
between 5 
and 12 
years 
Matched for 
age and sex. 
20% 
children can 
walk with 
normal 
pace. 
IQ range = 
70-128 

average IQ of 
control group 
was 
statistically 
higher than to 
patient group, 
but the patient 
group had 
above average 
or average IQ 
at earlier repair 
of MMC. 
Children with 
shunt-related 
complication 
face walking 
issue. IQ and 
spinal level of 
the lesion was 
not 
significantly 
correlated.  
 
Presence of 
shunt or shunt 
related 
complication, 
walking 
difficulty and 
level of lesion 
on spine did 
not correlate 
significantly 
with IQs. 
 

patients 
coming to 
hospital for 
treatment 
of health 
issues other 
than MMC 
or 
neurological 
abnormaliti
es which is 
not true 
representati
ve of 
general 
population.  
 

with IQ 
levels, 
suggesting 
the need for 
further 
studies to 
explore the 
relationship 
between 
the two.  

O’Hara 
and 
Holmbe
ck 
2013, 
USA 

To 
examine 
the 
parent’s 
behaviour 
and 
executive 
functions 
are 
associated 
with 
autonomy 
and 
medical 
adherence 
among 
preadolesc
ents and 
adolescent
s with 
Spina 
Bifida. 

Medical chart 
reviews, 
Behaviour 
rating 
inventory of 
executive 
functions scale 
(BRIEF), and 
WASI scale for 
IQ. 

Cross-
sectional 
 
N=140 
children 
Male=46% 
Female = 
56% 
Mothers 
n=129 
Fathers 
n=106 
Age 
range=8-15 
years 
M=11.43 
years 
SD=2.46 

Paper finding 
show that 
patient 
behaviour and 
executive 
functions, 
which 
measured with 
questionnaire, 
are 
significantly 
correlated with 
medical 
adherence, and 
test data of 
executive 
functions was 
associated with 
medical 
autonomy. The 
psychological 
control, 
paternal and 
maternal 
behavioural 
control plays 
the moderating 
role in 

Small 
sample size, 
drawback of 
cross-
sectional 
data in 
drawing 
research 
conclusion.  

Focuses on 
more 
effective 
clinical 
intervention
s for 
children 
with SB. 
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executive 
functions and 
adherence. The 
youth with 
Spina Bifida 
can improve 
positive health 
care behaviour 
with the help 
of parenting 
behaviours and 
executive 
functions.  
 

Riddle 
et al. 
2005, 
USA 

To assess 
attention/
executive 
function 
skills in 
children 
with 
shunted 
hydroceph
alus and 
Spina 
Bifida 
(SBSH) 

Developmental 
Neuropsycholo
gical 
Assessment 
(NEPSY),  
with WISC-III 
Verbal IQ >65) 
(Neuropsychol
ogical 
functioning) 

Cross-
sectional 
 
N = 30 
children 
Mean = 9 
Male = 10 
Female = 20 
Age range = 
6-12 years 
 
 

The first 
authentic 
performance 
score report of 
NEPSY in Spina 
Bifida children. 
The impact of 
NESPY and 
executive 
functioning 
and its 
dimension is 
mediated with 
intelligence 
scores.  
 

Only testing 
the use of 
NEPSY and 
its 
validation 
with scales. 
No 
intervention 
suggested.  

NEPSY can 
further 
enhance the 
scope of 
research in 
the area of 
SBSH.  

Rose 
and 
Holmbe
ck 
2007, 
USA 

To 
examine 
the 
processes 
of 
attention 
and 
executive 
functionin
g in 
adolescent
s with 
Spina 
Bifida, and 
also 
explore 
whether 
impairmen
t in these 
domains 
contribute
s to 
problems 
with social 
adjustmen
t. 

BRIEF 
(Parent and 
teacher), Self-
Perception 
Profile for 
Children 
(SPPC) 
(Parent and 
teacher), social 
skills rating 
scale, 
Cognitive 
Assessment 
System (CAS), 
also used some 
sub-scales.  

Case-
control 
 
N with 
Spina Bifida 
= 59 control 
n = 65 
Male = 54% 
Female 
=46% 
Age range 
=8-9 years 
 

The children 
with Spina 
Bifida found 
poor in 
subjective and 
objective 
measures of 
executive 
functioning, 
and attention 
deficits. The 
social 
adjustment 
difficulties can 
be predicting 
above 
variables. The 
neurocognitive 
deficits can 
mediate the 
relationship of 
Spina Bifida 
status and 
social 
difficulties 
adjustment. 
 

Cause-
effect 
relationship
s not tested, 
as research 
was cross-
sectional. 
Small 
sample size 
limits 
statistical 
power.  

Has 
important 
implications 
for parents, 
stakeholder
s, clinicians 
and 
patients, 
too.  

Tarazi 
et al. 
2008, 
USA                                                                                                                                                                                                                                                                                                                                                                                                                                    

To 
examine 
parent 
ratings of 
executive 
function in 

Behavior 
Rating 
Inventory of 
Executive 
Function 
(BRIEF) 

Case-
control 
 
N with 
Spina Bifida, 
MMC, and 

The MMH in 
adolescents 
and children 
cause lack of 
maturation of 
executive 

Looking at 
the 
presence of 
additional 
comorbidity 
in case 

Provides 
important 
information 
for 
understandi
ng the 
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children 
with MMC 
and 
hydroceph
alus and in 
typically 
developing 
peers 
across late 
childhood 
and 
adolescen
ce. 

hydrocephal
us = 36 
Controls n = 
35 
Age range = 
10-18 years 

control 
behaviours. 
According to 
BRIEF the 
children and 
adolescents 
with MMH was 
clinically in 
significant 
range when 
cognitive 
control 
compared with 
controlled 
group.  
 

group like 
epilepsy, 
any extra 
classroom 
support 
that may 
affect the 
executive 
functioning.  
Normative 
data for 
adolescents 
ages 14 to 
18 years are 
collapsed.  

nature of EF 
in children 
and teens 
with MMH.  

Ted 
Abresc
h et al. 
2007, 
USA  

1) To 
assess the 
presence 
and 
absence of 
mobility 
impairmen
ts impact 
of Spina 
Bifida, and 
spinal cord 
injury 
(SCI). 
2) find out 
the impact 
of obesity 
on the 
health-
related 
quality of 
life 
(HRQOL) 
of Spina 
Bifida, SCI 

HRQL measure 
via ‘PedsQL’ or 
Pediatric 
Quality of Life 
(Version 4.0)  
(Emotional, 
school 
functioning, 
and social) 
Self- 
administered 
by subjects in 
clinic 
 

Case-
control 
N=163, 
Aged years 
8–20 years, 
male  
Spina Bifida 
N=42,  
Obese 
controls N= 
21 
SCI N=61 
Nonobese 
controls 
N=39 
 

SCI and Spina 
Bifida have less 
significant 
impact on 
HRQOL than to 
control group 
in PedsQL 
domains, 
adding more 
physical, social, 
and school 
confidence 
level is p=0.001 
while 
emotional 
significantly 
accepted with 
p=0.01. 
 
 

Small 
sample size, 
no power 
calculation, 
reduction in 
HRQOL may 
exert 
additional 
issues for 
obese 
subjects in 
ways that 
are difficult 
to measure, 
limitations 
of PedSQL 
as a 
measuring 
tool. 
Additionally
, lack of 
intervention
s poses a 
challenge 
for this 
research’s 
effective 
application.  
 

Research 
consolidates 
previous 
finding on 
the role of 
mobility 
impairment 
in impacting 
quality of 
life for 
children 
with SB.  

Vachha 
and 
Adams 
2005, 
USA                            

Is Spina 
Bifida/SH 
influence 
at learning 
memory in 
children of 
age range 
7 to 16 
years. 

The Carey 
Questionnaires
: 
Behavioural 
Style 
Questionnaire 
(for 5-7 years), 
and Middle 
Childhood 
Temperament 
Questionnaire  

Cross-
sectional 
 
Children 
with Spina 
Bifida/SH = 
26 
Control 
group = 26 
 
Aged range 
= 7-16 years 
 
Primary 
caregivers  
 
 

Patient with 
Spina Bifida/SH 
ignore less 
significant info 
and show poor 
memory span 
and was not to 
able monitor. 
They also 
express 
difficult to 
remembering 
the key points 
of an event or 
story.  

Simple size 
is too small 
to 
generalizabi
lity. Many 
other 
factors may 
influence at 
memory like 
education 
level, 
parents’ 
behaviour, 
etc, 
ignored.  

Provides 
guidelines 
for parents, 
clinicians 
and 
intervention 
or 
assessment.  
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Vinck 
et al. 
2010, 
Netherl
ands 

Test for 
cognitive 
functionin
g and 
motor 
profile, the 
visual-
motor and 
fine motor 
functionin
g and 
motor 
quality 
were also 
considered
. 
 

Wechsler 
Intelligence 
Scale for 
Children 
(WISC-III),  
Visual-motor 
integration 
measures with 
Beery’s VMI, 
and Revised 
Amsterdam 
Children’s 
Intelligence 
Test (RAKIT) 

Cross –
sectional 
 
22 girls 
19 boys 
Mean of 
age = 10 
Aged rage = 
6-14 years 

Children with 
Spina Bifida 
has problem 
with fine 
motor 
impairment, 
cognitive, and 
impaired 
motor quality. 
The 
comparison of 
MMC and 
Spina Bifida 
performance 
difference 
were found in 
IQ. The role of 
cerebral 
malformation 
is not so much 
important in 
Spina Bifida.  
 

Sheer 
complexity 
of 
neuropathol
ogy difficult 
to assess.  

Findings 
underscore 
the 
importance 
of cerebral 
malformatio
ns on 
children 
with SB.  

Wasser
man 
and 
Holmbe
ck 
2016, 
USA 

To 
determine 
the 
neuropsyc
hological 
performan
ce among 
the 
patient of 
Spina 
Bifida. 

WASI (verbal 
and non-
verbal), 
WRAT3 
(reading), 
Cognitive 
Assessment 
System (CAS), 
Delis Kaplan 
Executive 
Function 
System (D-
KEFS), Test of 
Everyday 
Attention for 
Children (TEA-
Ch), Diagnostic 
Analysis of 
Nonverbal 
Accuracy 
(DANVA2) 
Clinic  
Family Stress 
Scale (FSS) 
Self 

Cross-
sectional 
 
Children 
with Spina 
Bifida and 
MMC n = 95  
Age range = 
8-15 years 
 

Finding show 
that in children 
with Spina 
Bifida have 
different 
cognitive 
profiles and 
related to 
neuro-
psychological 
functioning for 
daily base 
activities, 
quality of life 
and adaptive 
functioning. 

Small 
sample size, 
lack of 
effective 
power 
necessitatin
g inability to 
use latent 
cluster 
analysis. 
Cluster 
analysis 
may not be 
stable 
across time.  

Provides 
rich dataset 
for health 
care 
professional
s forming 
treatment 
plans, 
carrying out 
clinical 
assessments 
or 
diagnosis.  
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2.5 Framework Used in the Study 

Two prospective models were selected for this study: a model of the lifespan 

neuro-cognitive abilities of Spina Bifida patients (Dennis et al. 2006); and 

Bronfenbrenner's ecological systems theory (1979, 2005), in its ‘mature’ 

(Tudge et al. 2009) form. How each of these models was used to design the 

investigation and select factors of observation will be detailed in the following 

sections. 

 

2.5.1 Neuro-cognitive developmental outcomes in Spina Bifida patients 

Research by Dennis et al. (2006, p.285) led to the development of a model of 

information processing and cognitive phenotypes to explain this variability. 

The model describes two modes of processing: assembled processing and 

associative processing. Assembled processing refers to integration of 

information into larger unified concepts which is thought to be negatively 

affected by the underlying neuropathophysiology and associated core deficits 

of MMC. In contrast, associative processing refers to the categorization of 

information which is thought to be less affected by the neurophysiological 

changes, but more affected by the environment like family socioeconomic 

status, ethnicity/race, and education (Dennis et al. 2006). 

 

The model of the biological, cognitive, and environmental events relevant to 

the cognitive phenotype of MMC and to variability in its expression is 

discussed here. The model is composed of biological, cognitive, and 

environmental components and three types of functional relations connecting 
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the components. The first type is causes, which basically is the cause of the 

second, preceding and being responsible for its existence. The second type is 

moderators, which are variables that affect the direction and/or strength of a 

relation between an independent variable and a dependent variable. This type 

of functional relations specifies the condition under which an effect occurs, as 

well as the conditions under which the strength or direction of the effect will 

vary and so interacts with a predictor variable in such a way as to have an 

impact on the level of the dependent variable or outcome (Holmbeck 1997). 

Moderators up-regulate or down-regulate the expression of the predictor 

variables. The third type is mediator, which is influenced by the independent 

variable and in turn, influences the outcome (cognitive profile). 

 

The model can be described by the four characteristics. First characteristic is 

the core deficits that prevent the normal development of cognitive processing 

involving assembled processing (assembling and integrating information) but 

have less impact on cognitive processing that involves associative processing 

(activation or categorization of information). Another characteristic is the 

neural phenotype which included primary CNS insults that cause three core 

deficits involving movement, timing, and attention orienting, which originate 

in infancy and persist throughout development. Third, the unbalanced 

cognitive development caused by a combination of intact associative 

processing and impaired assembled processing and a cognitive phenotype of 

assets and deficits within a number of functional domains. And fourth, the 

expression of the cognitive phenotype can vary, as it is being moderated by 
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the secondary CNS insults (e.g., hydrocephalus) that impair assembled 

processing as well as by environmental factors (such as parenting, 

socioeconomic status, and education) that impair associative processing. 

 

The model provides an explanation of the characteristics of the Spina Bifida 

cognitive phenotype, and individual differences related to neural and 

environmental moderators of the cognitive phenotype. The connections with 

genetic, neurobiological, and behavioural variability, helps in the 

understanding of the various brain-behaviour issues. Variability in the neural 

phenotype is linked to variability in the cognitive phenotype for several 

content domains. The links were clearest for core deficits involving 

movement, timing, and attention orienting. Variability in the cognitive 

phenotype explains the non-transparency between core deficits and 

functional assets and deficits in the content domains of motor skill, visual 

perception, memory, language, reading, math, and behaviour. While the 

magnitude of individual deficits varies within and between people with MMC, 

even people with modest deficits will have difficulty with skill integration and 

higher levels of neurocognitive development and academic achievement and 

will fail to use activated knowledge in ongoing perception, action, and 

problem-solving. 
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Figure 2.6 Neural to functional pathways in Spina Bifida: Dennis et al. (2006) 

 

The primary CNS insults in MMC affect both ends of the neural tube. The 

defining spinal lesion is evident from the first weeks of gestation, with 

subsequent major orthopaedic and urologic impairments, including 

paraplegia of the lower limbs and neurogenic bladder and bowel function 

(Charney 1992). The most common congenital brain anomaly in SBM is the 

Chiari II malformation (Barkovich 2000), a deformity of the brainstem and 

cerebellum. The Chiari II malformation includes a small posterior fossa, which 

results in distortion of the posterior fossa contents and their herniation 
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through the tentorial incisure and foramen magnum. The result is a 

mechanical block to the flow of cerebrospinal fluid (CSF), which in turn leads 

to hydrocephalus that almost always requires diversionary shunting (Charney 

1992). More than half of children with MMC show partial dysgenesis of the 

corpus callosum rostrum and/or splenium, which represents congenital 

disruption of neuroembryogenesis during the time (7-20 weeks post 

gestation) of corpus callosum development (Barkovich 2000; Hannay 2000). 

Many individuals with MMC have abnormalities of the brainstem, such as 

beaking of the tectum, that are related to brain development in a small 

posterior fossa. 

 

Secondary CNS anomalies occur in response to the primary abnormalities and 

hydrocephalus associated with the Chiari II malformation. These include 

hypoplasia (thinning) of the middle or all of the corpus callosum and selective 

thinning of the posterior cortex. Difficulties regulating CSF because of shunt 

malfunctions and infections, or other complications associated with MMC 

(e.g., seizures), produce further secondary brain injury. Although each may be 

identified before birth, the primary CNS malformations precede and cause the 

secondary brain insults (e.g., hydrocephalus is a direct result of the Chiari II 

malformation), so Path 1 in Figure 2.6 above is causal. 
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Core Deficits 
The model suggests that the primary CNS insults lead directly to a set of core 

deficits that are considered to interfere with cognitive and motor 

development, and can be defined by the following characteristics: 

 emerges in infancy, before formal education 

 persists throughout childhood and into adult life 

 can be demonstrated over a range of cognitive ability levels 

 is weakly related to other core deficits 

 is strongly correlated with specific congenital brain dysmorphologies 

 is similar to deficits reported in adults with adult-onset lesions in the 

same brain regions. 

 

Three core deficits have been identified by the researchers and include- 

movement, timing, and attention orienting. 

 

Movement 
Deficit in movement is apparent in birth, and infants with spina bifida have 

poorer upper and lower limb movement quality as well as deficits in the eyes 

(Biglan 1995). Movement variability is related to the cerebellum and midbrain 

which control truncal and axial movement the first, and control eye 

movement, the latter (Leigh and Zee 1999; Miall et al. 2001). Variability in 

movement is related to both spinal cord and brain, such that the higher the 

spinal lesion, the more severe the motor deficit and the more severe the brain 

impairments in the posterior fossa and midbrain (Fletcher et al. 2005).  
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Children with Spina Bifida movement deficits have significant implications for 

ecological function because they limit environmental search and exploration 

normally effected by movement, and thereby truncate input into motor 

control systems that facilitate learning from the environment. 

 

Timing 

Timing is related with cerebellum abnormalities and are specific to timing 

operations, involved in motor control, movement coordination and synchrony 

between sensation and movement (Mauk et al. 2000; Ivry and Richardson 

2002). Children with spina bifida appear with poor organized upper limb 

coordination and have deficits in short duration timing (Fletcher et al. 2004). 

MRI studies show that significantly reduced cerebellar volumes are correlated 

with perceptual and motor timing deficits (Dennis et al. 2004). Early motor 

development and timing helps to shape cognitive development and early 

deficits in motor synchrony are negatively related to later cognitive search and 

visual memory abilities in infants with MMC (Thelen and Smith 1994; Landry 

et al. 2003).     

 

Attention Orienting 

Attention orienting is a core deficit in children with Spina Bifida, which arises 

from a specific set of brain abnormalities. It is known that the environment 

includes both perceptually salient and cognitively interesting information. 

Visual attention is controlled by two partially segregated neural systems, one 

involved in responding to salience and requiring automatic, stimulus-driven 

orienting, the other involved in goal-directed responding that is driven by 
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knowledge, expectations, and goals (Corbetta and Shulman 2002). Orienting 

may involve either overt movements of the head, eyes, or body, or covert 

shifts of attention whereby the head, eyes, or body remain stationary. Covert 

orienting, which changes attention priorities, may be either automatic, as 

when we orient to salient information, or effortful, as with voluntary shifts of 

attention to something interesting (Posner and Cohen 1984; Posner and 

Raichle 1994).  Infants with spina bifida show developmental lags in orienting 

to salient faces, compared to their normal developed peers (Landry et al. 

2003). School aged children with Spina Bifida take longer to orient and 

disengage from what has capture their attention (Dennis et al. 2005a), but do 

not show deficits in orienting to cognitively interesting stimuli, which are 

under goal-directed, top-down control. 

 

Children with Spina Bifida are compromised in their ability to orient in their 

environment, both overtly with eye movement, and covertly, in the manner 

in which they shift attention. These children show difficulties with orienting to 

salience and a more attenuated inhibition of return in the vertical plane 

(Dennis et al. 2005a, 2005b). Core deficits in attention orienting have 

ecological significance. Exploration of the visual environment provides 

detailed information about the external world, but infants and children with 

Spina Bifida explore space inefficiently. 
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Primary CNS Insults Cause Core Deficits 

Primary CNS insults cause core deficits (Path 2, Figure 2.6). Each core deficit is 

related to one or more of the primary CNS insults. Also, core deficits vary in 

the degree of expression according to primary CNS insults. Furthermore, core 

deficits are relatively independent. Example, motor timing is not related to 

attention orienting, in infancy (Fletcher et al. 2004). Another example is when 

the eye movements are restricted, other core deficits are presented (Dennis 

et al. 2005a). Furthermore, timing deficits and attention-orienting deficits 

have different neurological bases (Dennis et al. 2004). For healthy developing 

individuals, the synchrony of core processes is important as it is responsible in 

the healthy operation of core processes. For example, the combination of 

movement and timing, specifically movement and external stimuli, ensure the 

functioning of motor control.  

 

 

 

Mediators: Associative and assembled processing 

Associative processive is based on the formation of associations, 

enhancement, engagement, and categorization. It includes adaptive changes 

in response to stimulus repetition, as well as the activation and categorization 

of stimulus information. Well known examples of associative processing are 

decoding familiar words and recognizing faces. Associative is related to motor 

adaptation, stipulated language, and categorical perception. 
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Assembled processing on the other hand, is based on suppression, contingent 

relations, dissociation, and disengagement. Known examples of assembled 

processing involves making inferences between world knowledge and text for 

oral or reading comprehension. Deficits in assembled processing create 

difficulty in children with spina bifida when trying to understand construct 

language or perceive perceptual relations.  

 

As seen in the model (illustrated in Figure 2.6), core and functional deficits are 

mediated by the assembled processing (Path 3). To note, although associative 

processing may exist independent, assembled processing operates on 

components of associating processing, reflecting a directional moderating 

relationship (Path 4). For example, to understand written texts and give 

meaning, it is necessary to decode words and activate word meanings. 

Examples of each domain are as follows: 

Motor Function: Intact Adaptation (Associative Processing) and Impaired 
On-Line Control (Assembled Processing) 

Children with spina bifida display a pattern of intact and impaired motor skills. 

Among this, intact motor adaptation and motor learning in both hand and eye 

suggests that implicit motor learning (associative processing may be widely 

found in children with the disorder. Adaptive motor learning in spina bifida is 

intact for eye as well as for limb movement, while the subjects are proficient 

at making eye movements under controlled environments.  
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On the other hand, online motor performance of limbs and eyes (assembled 

processing) is impaired in children with spina bifida (Edelstein et al. 2004). 

Example, children with nystagmus have impaired smooth pursuit movements 

(Salman et al. 2005). Furthermore, the deficits in motor functions are evident 

in the cerebellar hemispheric volumes.  

 

Perception: Intact Categorical Perception (Associative Processing) and 
Impaired Coordinate Perception (Assembled Processing) 

Research has shown that children with spina bifida have strengths on visual 

perception tasks involving categorical relations, such as object perception and 

deficits on visual perception tasks of relational coordinates (Dennis et al. 

2002).  

 

Intact associative processing and impaired assembled processing in visual 

perception may also be demonstrated in auditory perception such as the 

example of children and music, where children with spina bifida show intact 

ability to extract pitch feature information on a psychophysical task requiring 

them to judge variations around a target frequency but are impaired in 

assembling temporal information into higher-order rhythmic structures 

(Dennis et al. 2004; Hopyan et al. 2003). 
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Memory: Intact Implicit Memory (Associative Processing) and Impaired 
Explicit Memory (Assembled Processing) 

Children with spina bifida have relatively intact implicit memory. Yeates and 

Enrile (2005) found that children with MMC had intact perceptual and 

semantic priming. In contrast, children with MMC are impaired on explicit 

memory tests involving different types of content (single word, story, list, 

design, and spatial material) and different indices of memory (cued recall, 

encoding, recognition, and retrieval) (Yeates et al. 1995; Scott et al. 1998; 

Donders et al. 1991). Memory problems may be the cause of deficits in other 

domains (e.g., poor working memory is correlated with math problems) 

and/or the results of other domain problems (e.g., memory for designs 

measured by drawing is likely to be related to spatial and motor problems) 

(Dennis and Barnes 2002).   

 

 

Language: Intact Grammar and Stipulated Meaning (Associative Processing) 
and Impaired Constructed Meaning (Assembled Processing) 

Research on children with spina bifida suggests intact and impaired language 

skills. Children with spina bifida develop content and function words, and 

demonstrate facility with grammar and vocabulary, while showing semantic-

pragmatic, discourse-level difficulties (Dennis et al. 1994; Barnes and Dennis 

1998). Their strengths are in the formal, fixed structures of grammar, and 

single words or phrases and meanings that represent stored associations; 

their weaknesses are in assembling on-line meaning by integrating words, 
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world knowledge, and context. Pre-schoolers with spina bifida produce fewer 

story elements than age peers (Fletcher et al. 2004). Children with Spina Bifida 

learn, remember, and activate old knowledge better than they assemble 

meaning using old and new knowledge (e.g., Dennis et al. 1994; Barnes and 

Dennis 1998). Example of the distinction between intact associative and 

impaired assembled meaning in children with spina bifida is when these 

children can understand frozen idioms, but they have difficulty understanding 

understanding novel idioms constructed from context.  

 

Reading: Intact Word Recognition (Associative Processing) and Impaired 
Reading Comprehension (Assembled Processing) 

Children with spina bifida can decode words better than they can understand 

texts as reading comprehension is poorer in children with spina bifida than in 

healthy peers (Barnes and Dennis 1992). 

 

Behaviour: Intact Activation (Associative Processing) and Impaired 
Regulation (Assembled Processing) 

Children with spina bifida are sociable and appear to activate a range of social 

behaviours, although they have difficulty in behaviour regulation. Specifically, 

school-aged children with spina bifida experience problems identifying the 

rules underlying effective goal-directed behaviour in social situations, and 

maintaining goal-directed activities during play (Landry et al. 1993b); 

difficulties in unstructured social situations, showing inappropriate social 
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distance, hyperverbosity, inappropriate use of language, tangential speech, 

and a failure to benefit from feedback or instruction about their behaviour 

(Barnes and Dennis 1998); and difficulty with social problem solving, including 

production of contextually appropriate responses to social interactions and 

comprehension of the social expression of emotion (Landry et al. 1993a). 

Neural correlates of behavioural difficulties have not been identified. 

 

Moderators: Secondary CNS insults and the environment 

The cognitive phenotype of functional assets and functional deficits is shaped 

by three factors: deficits in assembled processing mediated by core deficits, 

the status of associative processing, and two moderators, secondary CNS 

insults of the neural phenotype, and the environment. Moderators do not 

exert constant effects, and the variable influence of moderators helps to 

account for individual differences in the cognitive phenotype (Dennis et al. 

2005a). 

Secondary CNS Insults 

Secondary CNS insults moderate assembled processing. Young adults with 

spina bifida exhibit math deficits (Dennis and Barnes 2002). Secondary CNS 

insults appear to have fewer moderating effects on associative processing. 
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Environment 

Core deficits exert an influence on the environment of the child with spina 

bifida, so that environmental challenges are greater for children with more 

severe core deficits. Environmental factors such as poverty, parental 

education, care giving, and parenting constitute a second set of moderators 

that begin before birth and continue throughout life. Poverty lowers general 

ability in children with spina bifida, especially in language (Fletcher et al. 

2005), and disadvantaged children with spina bifida have lower Verbal IQ 

(Fletcher et al. 2004). Low socioeconomic status contributes to poor social 

competence (Greenley et al. 2006; Landry et al. 1994). Socioeconomic status 

and the presence or absence of family support is likely to influence the 

provision of appropriate remediation for specific cognitive and academic skills, 

such as math. Environmental moderators are important because they reduce 

Spina Bifida assets in associative processing, which works to elevate the 

overall level of functional disability. 

 

2.5.2 Bronfenbrenner’s model  

Bronfenbrenner’s (1979, 2005) developed an ‘ecological’ developmental 

model that suffered some expansions throughout the years (Tudge et al. 

2009). In any of these versions, and in contrast with the more linear causality 

delineated in Figure 2.7, it conceptualizes inter-relationships between factors 

as bidirectional. For example, under this framework, neurocognitive individual 

phenotypes would be expected to affect parenting behaviour in the same way 
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parenting behaviour would be expected to affect neurocognitive phenotypes. 

Additionally, the more recent or mature version of Bronfenbrenner’s theory, 

named Process, Person, Context, and Time (PPCT) by Tudge et al. (2009), 

recommended the inclusion, in any developmental theory or research design, 

of more than one measure of four types: process, person, context, and time.  

 

Figure 2, below, illustrates, defines and exemplifies each one of these types, 

with the exception of process variables. The latter were given critical attention 

by Tudge et al. (2009, p.200), principally in terms of “proximal” processes. 

These were activities (e.g., playing, studying, tutoring, or story telling) with 

which individuals engage with, and as conceived as reciprocal, “enduring 

forms of interaction” (p.200). Figure 2.7, below, thus illustrated three orders 

of factors: person, context and time.  

 

The external circle represents time variables, there named ‘chronosystem’. 

Examples include longitudinal observations and historical events. At the core 

of the image, in the inner circle, there are person variables, coined child or 

individual variables in Figure 2.7. These would express individuals’ “demand, 

resource and force” (Tudge et al. 2009, p.200), such as gender, race, cognitive 

performance, education, wealth, motivation and drive.  
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Figure 2.7 Social-ecological model of child adjustment (Bronfenbrenner 
1979, 2005) 

 

Every other circle in-between the core and external circle represents the third 

order of factors, coined context factors in Tudge et al. (2009). These factors 

were the most disseminated of Bronfenbrenner’s theory, covering, as 

illustrated in Figure 2: microsystems; mesosystems; macrosystems; and 

exosystems. Microsystems are the immediate environment in which the child 

lives (Ashiabi and Neal 2015), i.e., their interactions with collective 

organizations, including peers, school, and family. The mesosystem describes 

the interrelationship between different microsystems, including parental 

involvement impacting outcomes such as academic achievement and 

development (Ashiabi and Neal 2015).  
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Exosystems are those which exert an indirect effect on developmental 

outcomes and indirectly impacts settings where the individual does not 

directly participate. For example, the parental workplace is one exosystem 

that indirectly impacts child development. The stressors that parents 

experience at work can spill over into the family environment. Finally, the 

macrosystem describes the social, cultural and economic conditions that 

impact family life, including material resources and opportunity structures.  

 

Note that, at the outset, the ecological model proposed that any 

comprehensive model or study should consider each one of these dimensions 

or order of factor, along with the proximal process dimension. Moreover, 

critically, the interrelations between each one of these dimensions was to be 

taken into consideration. Nested macrostructures allow patterns of 

interaction to come about, influencing each other and impacting 

developmental outcomes (Ashiabi and Neal 2015). Secondly, the same aspect 

can be operationalized as both a, say, person variable and a macrosocial 

structure. For instance, a study can take on board the gender of a person, as 

acknowledged by them when asked, as genetically assessed, and as a set of 

social expectations and behaviours concerned with discrimination policies. 

None of these choices is incorrect.  
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Then, according to the ecological model, children can have similar person 

characteristics such as temperament, creative characteristics (corresponding 

to the person component). Yet, their outcomes, at different moments in time, 

can vary intra- and interpersonally due to differences in process, context, and 

time. For example, a child might have been encouraged (process) through the 

purchase of a musical instrument (context), increasing the child’s intrinsic 

motivation (person) and the child can become successful over time as a 

musician (time), with practice and training (context). Comparing these 

different trajectories across individuals with similar characteristics can thus 

help to detect protective and risk factors.  

 

Bronfenbrenner’s theory was used often to explain normal development, but 

also less typical developmental trajectories (Lerner and Chase 2019; Tudge et 

al. 2009). In Tudge et al.’s (2009) systematic review of the practical uses of this 

theory, it was observed that rarely did theories and studies cover the four 

orders of PPCT version of the model. Specifically, among found 25 studies, only 

four used this latter version. Most authors had then applied to research and 

theory development earlier versions of Bronfenbrenner’s theory, which pay 

less attention to proximal processes and more to context variables.   

 

Among the studies which had been properly conducted there was, for 

example, one conducted by Tudge and colleagues (Tudge et al. 2003, c.f., 

Tudge et al. 2009). It collected information about: 20h of children’s 
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interactions with people and objects (process variables); parents’ beliefs 

about childrearing and the children’s motivation in choosing and sustaining 

activities (person variables); home and child-care settings (microsystem 

variables); middle-class and working-class families from a single city 

(macrosystem context variables); and three longitudinal evaluations of child 

outcomes, as externally or teacher assessed (time variables).  Note how, as 

recommended by Bronfenbrenner, and highlighted by Tudge and colleagues, 

here are at least two measures for each order of factors. This procedure helps 

to compare systematically moments of observation, social groups, settings, 

personal and interpersonal attributes, measures, or behaviours. It also 

permits an examination of the impact of the interrelations between each one 

of these factors in the shaping of specific outcomes. 

 

2.5.3 Model comparisons and discussion 

Having as starting point the acknowledgement that no man is (socially) an 

island, there are particularly vulnerable individuals, whose dependence on 

others is greater. Children are one of such groups. In these groups, it seems of 

aggravated importance understanding the developmental impact of social 

entities (e.g., caretakers and institutions). Bronfenbrenner’s model provides a 

tool for comprehending the relationship between individual, social and 

organizational dimensions. It serves as a meeting point between the actor the 

interacting dyad, social groups, and phenomena, as these manifest on 

different levels (Christensen 2016).  
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Under the light of Bronfenbrenner’s model, Dennis et al.’s (2006) model 

specified mostly person variables, such as neurological insults and cognitive 

performance. It held but a single entry for ‘environmental’ variables, 

unpacked in writing mainly as context, eventually interaction-related 

(process) variables. Finally, despite it being a developmental model, it 

neglected fully variables representative of the time dimension. In sum, it does 

not meet the criteria of a mature ecological model, as these were 

systematically identified by Tudge et al. (2009). This seems relevant in that 

several factors of different orders have been discussed in the literature but 

seem to have been neglected by Dennis et al.  

 

It must be said that the purpose of the present study is not to conduct a 

systematic review of the ecological factors affecting Spina Bifida, and to 

expand Dennis et al. (2006) proposal accordingly. Nevertheless, it will be 

briefly demonstrated how the four dimensions of the ecological model have 

been found valuable for understanding the specific case of the development 

of children with Spina Bifida. This set the grounds understanding how the 

variables within this study were selected and are expected to relate to one 

another.  

 

Regarding the dimension of time, it seems obvious that children, including 

children with Spina Bifida, demonstrate different skills and abilities depending 

on their age. In the literature, it was for example found that children with SB, 
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as compared with adolescents with Spina Bifida, self-reported lower quality of 

life (Müller‐Godeffroy et al. 2008). Unlike wise, in Nejat et al. (2007), earlier 

repair of the meningomyelocele, as a representative of time of intervention, 

did not specifically affect IQ levels. Hence, whereas age seemed to have an 

impact on quality of life, the time of intervention did not seem to affect their 

IQ. These are two distinct ways of paying attention to chronological aspects in 

Spina Bifida studies. 

 

In terms of person variables, Bronfenbrenner focused primarily on how 

biological and genetic markers shaped behaviour. Age and physical 

appearance were offered as demand person characteristics that impacted 

social interactions and proximal processes (Tudge et al. 2009). On the other 

hand, Dennis et al. focused mostly on biological and cognitive attributes. Yet, 

in Spina Bifida populations, social behaviours seem equally determinant 

person variables. For example, in Holbein et al. (2015), children with Spina 

Bifida seem to have less adaptive social behaviours, when compared with that 

of their peers. This finding correlated significantly to one of Dennis et al.’s 

person variables (attention); and to social language, i.e., to the use of past and 

present knowledge to navigate social environments. Indeed, as measured by 

Müller‐Godeffroy et al. (2008) as person variable, the only developmental 

deficit which this did not subside from childhood to adolescence was peer 

relations. Deficits in emotional well-being and self-esteem seemed to dissolve 

as children aged.  
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Types of person variables which were similarly overlooked in Dennis et al.’s 

model were those descriptive of caretakers (or of anyone who interacts with 

the child at the process level in each specific study, say, teachers). These have 

often been debated as influent. Namely, maternal education (Boyle et al. 

2006) and the co-varying maternal age (Duncan et al. 2018) have been often 

found as a covariate of children’s developmental throughout the lifespan, as 

assessed in terms of cognitive, emotional, social, and educational outcomes 

(Duncan et al. 2018). This correlation has been proposed to be mediate by 

proximal processes and microsystems, namely child-rearing practices and 

home environments (Fergusson and Woodward 1999).  

 

That is, as noted, there are traits which can be used, depending on study 

design, depict and assess person variables of either pole of the interaction, 

proximal processes, or context factors. Proximal process variables found to 

influence the developmental outcomes of this population include: “family 

care and support” (Spennato et al. 2008, p.405); “parenting” styles (Dennis et 

al. 2006, p.292); paternal and maternal behavioural control (O’Hara and 

Holmbeck 2013); and child-rearing practices (Fergusson and Woodward 

1999). Finally, just to name a few, context-related, relevant microsystems are 

home environment (Spennato et al. 2008). Examples of macrosystems are 

gross domestic product of the country of residence, maternal education, and 

household wealth (Boyle et al. 2006). 
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In sum, unpacking and applying the ecological model to the study at hand is 

not an easy task. There is a wide variety of factors and factor interactions that 

can be considered, as based on empirical studies. Variables selected for the 

present study will be discussed subsequently, in more detail. These are 

expected to relate to one another in the terms specified by the ecological 

model: bi-directionally.  
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Chapter 3: Methodology 

 
  

The aim of this study was to assess the cognitive, behavioural and educational 

outcomes in children with Spina Bifida attending primary schools in Northern 

Ireland. Formal education in Northern Ireland is mandatory for all children, who 

typically begin primary school in the month of September following their 4th 

birthday and have 12 years of continued schooling from that time (Northern 

Ireland Curriculum, 2018). There are five compulsory Key Stages in the Northern 

Ireland curriculum; these are elaborated in Table 3.1 (Council for the Curriculum, 

Examinations and Assessment 2020; Standards and testing Agency 2018). The 

study identified children with Spina Bifida attending the primary schools, aged 

between 5 and 11 years as a target population.  

 

Table 3.1: Northern Ireland Curriculum for schools 

Source: Council for the Curriculum, Examinations and Assessment 2020 
 
 

3.1  Study Design Planned and Actual  

Initially, a case-control design was proposed for the study. Case control studies are 

usually recommended when outcomes are rare (Sedgwick 2014), like the case of 

Spina Bifida which is the population of focus in this study. However, in view of low 

participation and that the minimum sample of 20 pairs of children with Spina 

Stage Age Year  
 
  
Primary 
schools 
  

Pre-School (not compulsory) 3-4 years Before children start Year 1 
Foundation Stage, Phonics 
screening check  

5-6 years Years 1 and 2 

Key Stage 1 7-8 years Years 3 and 4 
Key Stage 2 8-11 years Years 5, 6 and 7 
Key Stage 3 11-14 years Years 8, 9 and 10 
Key Stage 4 14-16 years Years 11 and 12 
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Bifida and control children was not achieved (see Table 3.4), data from this study 

was not analysed as a matched case-control study but as a cross-sectional study. 

It is important to clarify that the selection of participants followed a case-control 

design, but only the statistical analyses were conducted as a cross-section design. 

The outcomes in children with Spina Bifida were also compared to the available 

standardised population norms for the tools selected for the study. Given the 

constraints of the three-year timeframe for doctoral research, it was not feasible 

to conduct a longitudinal (cohort) study involving continued multiple observations 

of children to record outcomes.  

 

Furthermore, matched pairs were initially selected for facilitating a direct 

comparison of cases with controls in the same classroom, following which a 

comparison of cases with standard values by age and gender, as available in tools 

utilized, was to be adopted. However, low participation rates in the study 

necessitated the adoption of a cross sectional design. A power calculation was 

retrospectively performed for cross-sectional design for data analysis (Table 3.5).  

 

3.2  Study Population  

3.2.1  Sampling frame of children with Spina Bifida  

Children with Spina Bifida aged 5-11 years old at the time of data collection (i.e. 

those born between 1st January 2006 and 31st December 2012) were identified 

from the Shine database in NI.  
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3.2.2  Selection of children without Spina Bifida  

Children without Spina Bifida in the same classes as the children in the study group 

were identified by their school Principals.  

 

3.2.3  Inclusion and exclusion criteria for children with Spina Bifida and 
children without Spina Bifida  

Children born with Spina Bifida between 2006 and 2012 to mothers who were 

residents of NI at the time of birth and were still living in NI were included in the 

study. The children without Spina Bifida studying in the same class as the children 

with Spina Bifida were also included in the study. The school Principals were asked 

to choose the children without Spina Bifida who closely matched the children with 

Spina Bifida in terms of similar date of birth, same gender, and, additionally, only 

for those children in special schools, having a physical disability other than Spina 

Bifida. Children whose parent/guardian could not understand English were not 

included in the study.  

 

3.4 Calculation of Sample Size for Initial Case-Control Study Design  

A review of the literature on the development of children with Spina Bifida found 

that very few studies have reported parent/guardian and/or teacher ratings for 

control children together with ratings for children with Spina Bifida. Moreover, 

only combined data (i.e., on both children and adolescents with Spina Bifida) are 

available in the public domain from studies that used BRIEF, given that BRIEF2 has 

been available for use from the end of 2015 (Gioia et al. 2015).  
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From the review of literature in Chapter 2, Brown et al. (2008) was found to be the 

most closely related study with this proposed study. It used a similar design to the 

one proposed for this study, including two independent matched groups: a case 

group of children with Spina Bifida and a control group of healthy children. The 

study by Brown et al. (2008) provided scores for the BRIEF GEC scale for children 

with Spina Bifida and their controls, as shown in Table 3.2 and Table 3.3 below. 

The related study included children aged between 10 and 17 years, which was 

inclusive of outcomes for children aged 10 and 11 years included in this proposed 

study.    
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Table 3.2: BRIEF and BRIEF2 Subscales and Indices (Gioia et al. 2000; Gioia et al. 2015)  

Subscales and Indexes in BRIEF Subscales and Indexes in BRIEF2  

Behavior Regulation Index  Behavior Regulation Index  
Inhibit  Inhibit  
Shift  Self-Monitor  
Emotional Control  Emotional Regulation Index  
Shift  
Emotional Control  
Metacognition Index  Cognitive Regulation Index  
Initiation  Initiate  
Working Memory  Working Memory  
Plan/Organize  Plan/Organize  
Organization of Materials  Organization of Materials  
Monitor  Task-Monitor  

Global Executive Composite  Global Executive Composite  

 
 
Table 3.3: Parent BRIEF GEC scores given in Brown et al. (2008) 

BRIEF index Children with Spina Bifida 
myelomeningocele 
n=35 
Mean (SD) 
 

Control 
n=42 
Mean (SD) 

Global Executive 
Composite     

58.46 (8.21) 48.71 (8.94) 

 

 

Using the values for standardised mean difference (d=1.1315) and variance 

(vd=0.0607) in the logit method, the anticipated Odds Ratio (OR) of children with 

Spina Bifida with delayed development as indicated by the GEC index relative to 

their typically growing peers was calculated using online software nMaster 2.0 as 

7.7859 (Jeyaseelan et al. 2017, nMaster 2.0; Wilson 2018). Since the primary 

outcome variable (dichotomised GEC rating for this study) is categorical, it follows 

a binomial distribution. In binomial distribution, mean and proportion have the 

same value, therefore, the mean GEC rating reported in Brown et al. (2008) was 

applied in the formula as a proportion.  
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The proportion exposed in the control group was estimated as 0.4871. This figure 

and the anticipated OR of 7.7859 were substituted in the formula to calculate the 

number of matched pairs required for a matched case-control study. The nMaster 

2.0 automatically calculated the proportion exposed in the control group as 0.88 

(Jeyaseelan et al. 2017, nMaster 2.0).   

 

The estimated number of minimum pairs required was n=20 (for a power value of 

80% and at a 0.05 level of significance for a 2-sided test as is standard in social 

science research). All other sample sizes at different power values are given in 

Table 3.4. 

 

Table 3.4: Minimum sample sizes by power and level of significance   

Level of 
Significance 

1 or 2 sided Power (%) Required Sample 
Size (n) 

0.01 2 70 28 

80 32 

90 38 

0.05 2 70 17 
80 20 

90 25 
0.10 2 70 13 

80 16 
90 20 

 

This was an initial calculation based on the premise that a case-control design 

would be utilised for the study. However, given low rates of participation, the 

sample size requirements for case control (20 cases and 20 controls) were not met. 

Consequently, a sample size calculation for a cross-sectional study was 

retrospectively carried out and a cross-sectional research design was utilised for 

the research.  
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3.5  Calculation of Sample Size for a Cross-Sectional Study   

The findings from O’Hara and Holmbeck (2013) on children with Spina Bifida were 

considered for the calculation of mean differences from a constant (one sample 

case). Based on the figures reported in that paper for the BRIEF GEC mean and SD 

for parent rating (Mean 55.26, SD 9.28) and teacher rating (Mean 63.84, SD 16.05) 

respectively and the standardised scores of 50 (SD=10), the recommended sample 

size for the purpose of comparing children with Spina Bifida to those without Spina 

Bifida is 24 (parent/guardian rating) and 11 (teacher rating) at 80% power with a 

5% level of significance in a two-tailed analysis (Table 3.5).  
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Table 3.5: Minimum sample sizes by power and level of significance  
Single mean – Hypothesis testing – one population mean 

 Parent/Guardian rating Teacher rating 
Sample mean 55.26 63.84 

Standard 
Deviation 

9.28 16.05 

Population mean 50 50 

Alpha error (%) 5 5 
Power (1-beta) % 80 80 

1 or 2 sided 2 2 
Effect Size 0.5668 0.8623 

Required sample 
size 

24 11 

 

 

3.6 Possible Limitations in the Identification of a Representative 
Sample 

The identification of children with Spina Bifida was through the database 

maintained by Shine Northern Ireland. Although Shine Northern Ireland actively 

engages with the parents/guardians of all children with Spina Bifida to encourage 

them to register with them, some of those living in the country will not have yet 

done so. At the time of the study, there were 70 children born between 1st of 

January 2006 and 31st of December 2012 were registered with Shine. The number 

of children born with Spina Bifida in Northern Ireland within the specified time 

period was 76 (Public Health Agency 2017), suggesting that more than 90% of the 

total eligible children for this study were registered with Shine. To guarantee that 

the sample covered by Shine is representative of all children born with Spina 

Bifida, it would be necessary to undertake a formal comparison of their socio-

economic characteristics across the data sources (Shine and Public Health Agency). 

However, individual-level data from the Public Health Agency was not available to 

perform such comparisons. For this reason, it was assumed that, given the high 
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coverage of the Shine database (more than 90% of children registered), the 

probability of non-representation was low. 

 

3.7  Recruitment Procedure  

3.7.1  Children with Spina Bifida   

Shine, which provides specialist support to anyone living with Spina Bifida and/or 

hydrocephalus throughout NI, identified children with Spina Bifida born between 

1 January 2006 and 31 December 2012 from among those registered in the Shine 

database and alive at the time of the study. A total of 70 children were identified 

as potential participants, and it was decided to invite all their parents/guardians 

to participate in the study to allow for non-responses.  

 

The researcher supplied Shine with 70 pre-paid envelopes for parents/guardians, 

each containing a letter of invitation from the research team endorsed by Shine NI 

(Appendix 8), a Participant Information Sheet (PIS) for parents/guardians 

(Appendix 9), an age-specific PIS for the child with Spina Bifida (Appendices 10, 11 

and 12), two copies of a consent form which also included assent from the child 

to be signed by parent/guardian (Appendix 13), and a stamped, addressed 

envelope for returning one copy of the signed consent form to the researcher. All 

PIS for children were checked using an online reading age calculator (Readability 

Formulas). Shine had agreed to insert the name and address of the 

parent/guardian of each eligible child on these pre-paid envelopes and post them 

when the approval was received from the ethics committees overseeing this study 
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(Appendix 14). Two ethics committees associated with this study provided 

clearance: Ulster University’s Institute of Nursing and Health Research (INHR) 

Governance Filter Committee (Appendix 15) and the South West – Exeter Research 

Ethics Committee (REC reference: 18/SW/0004; Protocol number: 17/0101; IRAS 

project ID: 228521) (Appendix 16). The study’s protocol (version 4) which was 

accepted by the South West – Exeter REC is included in Appendix 17. 

 

Two weeks later, the researcher informed Shine which parents/guardians had 

returned a consent form and provided the required number of reminder letters 

and pre-paid envelopes for those who had not, with the request that Shine insert 

their names and addresses on the envelopes and post the reminders to them. 

 

3.7.2  Principals and teachers 

The school Principals and the teachers of children with Spina Bifida were identified 

from the parents/ guardians’ signed consent forms (Appendix 13). Envelopes were 

sent to these Principals containing appropriate letter for the type of school 

(Appendices 18 and 19) informing them about the study and requesting their 

consent for the researcher to contact the class teacher of the child with Spina 

Bifida (Appendix 20), a copy of the signed consent form from the parent/guardian 

(Appendix 13) and two copies of a consent form (Appendix 20), together with a 

stamped, addressed envelope for returning the signed consent form to the 

researcher. A reminder letter was sent to those Principals who did not return a 

signed consent form within two weeks. 
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Having received signed consent from the Principals, envelopes were sent to 

teachers containing the appropriate PIS (Appendices 21 and 22) with copies of the 

consent forms signed by the parent/guardian (Appendix 13) and the Principal 

(Appendix 20), two copies of a consent form (Appendix 23) and a stamped 

addressed envelope for the return of one signed copy to the researcher, the other 

to be retained by the teacher. One reminder letter was sent to those teachers who 

did not return a signed consent form within two weeks.  

 

3.7.3  Children without Spina Bifida 

Upon receiving their signed consent, the Principals in mainstream schools were 

asked to select three children without Spina Bifida (child #1, #2 and #3) from the 

same class as the child with Spina Bifida, matched closely for date of birth (DOB) 

and of the same gender (Appendix 24). The Principals of special schools were 

asked to select three children without Spina Bifida from the same class as the 

children with Spina Bifida who matched closely for DOB, who were of the same 

gender and who had a physical disability other than Spina Bifida (Appendix 25).  

 

Upon receipt of signed consent from the teacher, each Principal was supplied with 

a pre-paid envelope and asked to post to the parent/guardian of potential control 

child #1 the appropriate PIS for parents/guardians (Appendices 26 and 27), an age-

specific PIS for the child without Spina Bifida (Appendices 12, 28 and 29), two 

copies of a consent form which included assent from the child (Appendix 30) and 
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a stamped, addressed envelope for the parent/guardian to return the signed 

consent form to the researcher. If the researcher received a signed consent from 

the parent/guardian within two weeks, a booklet was posted to that 

parent/guardian who was asked to complete and return it in the stamped, 

addressed envelope provided (Appendix 32). A separate pack was also posted at 

the same time to the teacher containing a copy of the signed parent/guardian 

consent form and a booklet to complete for that child (Appendix 34) and return 

using the stamped, addressed envelope provided. If no parent/guardian consent 

for child #1 was received within two weeks, the Principal was sent another pre-

paid envelope to be sent to the parent/guardian of child #2 containing the 

appropriate PIS, age specific PIS, two copies of a consent form and a stamped 

addressed envelope.  If no signed consent was received from the parent/guardian 

of child #2 within two weeks, the process for requesting consent was repeated 

with the parent/guardian of child #3. Failure to secure consent from the parents 

of a potential control child #3 resulted in having no control child for the case child 

in the class.  

 

3.8 Tools Used to Assess the Outcome Measures  

3.8.1  Systematic search  

A systematic literature search was performed to identify the tools used to 

evaluate cognitive, behavioural and educational outcomes in children through 

parental/teacher’s assessments. After analysing the original search strategy for 

literature review of studies focused on cognitive, behavioural and educational 
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outcomes in children with Spina Bifida, it became clear that all available tools for 

assessing these outcomes were not being retrieved so a second search was run 

to catch these.  

 

The search focused on studies conducted on any population of children, using 

tools that screen cognitive and behavioural outcomes, comprised of closed 

questions and met the following criteria:  

 

• Validated to be administered by parents/guardians and/or teachers with 

children aged 5-11 years in home and school environments 

• Reliable, i.e. able to produce consistent results 

• No input required from children  

• Available in English  

• Quick to complete  

• Data collected could be analysed in numerical form  

 

The first stage was to select the studies. Three electronic databases; PsycINFO, 

Ovid MEDLINE(R) and Embase, were systematically searched for relevant studies 

that used tools to measure cognitive and behavioural outcomes in children. A 

systematic search is an established research method for identifying, critically 

appraising, and analysing the articles available in public domain (Aveyard 2014; 

Liberati et al. 2009). To search for relevant articles keywords were grouped 

together in concepts, such as for outcome cognition: develop, intuition, 
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neurodevelopment, perception, reasoning, behavior, followed by keywords for 

measurement tools such as measure, assess, instrument, screen and then 

keywords for assessors; parents, guardians, teacher (Appendix 2 provides more 

detailed information about the search strategy used). Advanced search 

techniques including truncation (*), phrase searching (“) and proximity searching 

were used where appropriate to capture all variants of keywords. Whilst Boolean 

operators ‘OR’ and ‘AND’ were also used to broaden and limit search results 

(Appendix 2). 

 

Inclusion criteria for selection of studies: 

Studies published after 2005 were included. Only those studies focused on 

cognitive and behaviour outcomes in children were retained. Each study’s 

relevance proceeding the initial search was manually reviewed based on the title 

and abstract.  Anecdotal evidence, editorials, letters were removed for further 

review. Case control, cohort and cross-sectional studies only were retained for 

full review. The studies included in the full review comprised participants with at 

least one child aged between 5-11 years.  

 

Exclusion criteria 
The following types of publications were not included: (i) studies that were 

published before 2005, on grounds of being outdated; (ii) anecdotal evidence, 

editorials, letters; (iii) papers not published in English. 
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The PRISMA flow diagram yielded a total of 12,421 studies, after removing 13,737 

duplicates using duplicates removal system in RefWorks, followed by the removal 

of 11,873 studies not matching the criteria of selection of studies focused on 

cognitive and behavioural outcomes in children. Finally, a total of 42 studies were 

selected from the those eligible for full review (N=548). The details on tools 

identified through the studies reviewed from systematic search are given in 

Appendix 2; Table 2a and Table 2b. 

 

The second stage of this review was the application of appraisal of the identified 

tools that could be completed by parents and/or teachers. As mentioned in section 

1.7 of Introduction Chapter, it is important to understand that the tools used in 

developmental screening are not diagnostic. They only indicate whether a child is 

at greater risk of a particular condition (cognitive and behavioural difficulties in 

the case of this study) and require further diagnostic testing by health professional 

to confirm and provide suitable intervention (Glascoe 2005). Therefore, it is vital 

to use a tool that has good psychometric properties and screening accuracy, in 

order to minimize both under-detection and over-referrals (Glascoe 2005).  

 

Sensitivity is a measure that denotes the ability of the screening tool to correctly 

identify children having the condition of interest (i.e., true positive). Specificity 

denotes the ability of the screening tool to correctly identify children not having 

the condition of interest (i.e., true negative). For child developmental screening 

tests, suggestion has been such that, a sensitivity of 70% to 80% percent and a 
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specificity of near 80 percent is acceptable (Hamilton 2006). There is no screening 

tool is that has 100% sensitivity and/or specificity and it is not possible to achieve 

higher rates on performance of the screening tools than mentioned above 

because the child development is complex, and it changes over time (Hamilton 

2006).  

 

A most appropriate tool for this study including parents/guardians and teachers 

as assessors to screen for child cognitive and behavioural outcomes would be 

something that is confirmed to be used by both parents/guardians and teachers, 

applicable to children aged 5-11 years and have higher sensitivity and specificity. 

Wherever possible, based on the information available, reliability of the enlisted 

tools was also critiqued for internal consistency, inter-rater agreement, and 

temporal stability together with concurrent validity with a gold measure. Together 

with these, the screening tools to be selected required to be culturally sensitive, 

could be responded to in minimal time and contain normative scoring in the 

sample population of the same country of study or in similar population.  

 

There was no single screening tool suitable for assessing both cognitive and 

behavioural outcomes together. Thus, two different tools had to be selected from 

the list, one each for these two outcomes. Please see Table 2a in Appendix 2 for 

details on critique based on information available on website to access or 

purchase these tools.  
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3.8.2  Tools selected to assess cognitive and behavioural outcomes 

The Behaviour Rating Inventory of Executive Function, second edition (BRIEF2) 

(Appendices 3 and 4) and the Strengths and Difficulties Questionnaire (SDQ) 

(Appendix 5) were selected as the most appropriate tools that fulfil important, 

pre-established criteria for utilisation in the study. These two tools are also most 

popular based on their use widely across the world and the number of studies 

reviewed using them (Appendix 2, Table 2a). 

 

3.8.2.1  Overview of BRIEF  

BREIF family of ratings was developed to not only assess EF in real-world settings, 

but also help in designing interventions that help children with executive 

dysfunctions (Isquith et al. 2014). If a child, for example, rated poorly on inhibitory 

control, then the focus of the intervention would be on such aspects of treatment. 

BRIEF2 findings can be extended or refined to draw on contextual factors and offer 

potential interventions for identified problems (Isquith et al. 2014). A significant 

influence, in this context, has been the work of Ylvisaker and colleagues (1998) 

who have cited the need for identifying key executive controls, strengths, as well 

as challenges in home, work, school or community contexts and developing 

context-sensitive interventions that foster effective collaboration and aid in 

positive recovery outcomes. Specific interventions can be developed as BRIEF has 

been extensively used to assess emotional regulation, adjustment to change, 

inhibitory control, as well as planning and organisation of information in working 
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memory. Isquith et al. (2014) emphasise that the BRIEF ratings can serve as a 

useful starting point for designing effective interventions.  

 

Given the centrality of EF for controlling dynamic, real-world behaviours, reliance 

on clinic-based test performance measures yields an incomplete, limited 

assessment (Isquith et al. 2013). While performance tests seek to study EF in 

specific, explicit ways, they have limited generalizability and ecological validity in 

the context of daily settings (Isquith et al. 2013). Furthermore, Isquith et al. (2013) 

have argued that neuropsychological testing, on its own, cannot assess EF 

completely as they are engaged in artificial, ambiguous fractionation of an 

integrated system. Additionally, performance-based measures tap restricted 

aspects of EF system during a short time frame. They do not measure relativistic, 

multidimensional, and integrated decision-making characteristic of real-world 

situations (Isquith et al. 2013).  

 

Assessing EF in daily settings requires a rating scale which incorporates such 

aspects. According to Gioia et al. (2010), in order to systematically and 

quantitatively assess everyday behaviour, common descriptors of EF related 

behaviours were assembled in the BRIEF scale. The self-regulatory behaviours 

were assembled into an inventory of empirically guided EF domains, asking 

parents and teachers to then rate problematic elements in descriptors for the child 

in question, BRIEF is effective as a measure of data collection, translating 

qualitative behaviour description into quantitative dimensions to effectively 
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evaluate real-world functioning in schools as well as homes (Gioia et al. 2010). 

According to Isquith et al. (2005), a child’s everyday environment at school, home 

or day-care are critical venues for the observation of routine manifestations of EF. 

Such a methodology has been utilized in EF in school aged as well as teenage 

children, with the development of such rating scales (Isquith et al. 2005). BRIEF2, 

the latest shorter, validated second version of BRIEF, was selected for the study, 

which has been available for use from the end of 2015, and employs the same 

overall GEC as the original BRIEF (Gioia et al. 2000; Gioia et al. 2015).  

 

3.8.2.2 BRIEF2   

BRIEF2 forms for parents and teachers are tools to investigate the basic set of 

cognitive processes in children in a reliable manner. BRIEF2 assesses the nine 

essential components of cognitive skills (clinical scales): 1) Inhibit – the ability to 

control one’s impulses, enhancing the ability to resist habits or temptations and 

edit or stop doing or saying something which should not be said or done; 2) Self 

monitor – the ability to keep track of the effect of one’s own behaviour on others; 

3) Shift – the ability to adapt one’s own behaviour to different environments; 4) 

Emotional control – the ability to control extreme reaction by adopting the 

perspective of another person; 5) Initiate – the ability to initiate an activity or task; 

6) Working Memory,- enables the retention and manipulation of information in 

the mind while completing a task that involves multiple steps; 7) Plan/organise – 

the ability to set goals and organise one’s behaviour in order to carry out task; 8) 

Task Monitor – the ability to assess one’s own work; and 9) Organisation of 

Materials - involves presenting/storing things in orderly manner (Gioia et al. 2000, 
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2015). From the components, the following indexes are generated: 1) Behaviour 

Regulation Index (BRI) incorporating the Self-Monitor and Inhibit scales; 2) 

Emotion Regulation Index (ERI), combining the Shift, as well as the Emotional 

Control scale; 3) Cognitive Regulation Index (CRI), which covers Initiate, 

Plan/Organise, Task Monitor, Working Memory, as well as the Organisation of 

Materials scales; along with 4) the overall summary score, referred to as Global 

Executive Composite score (GEC).  

 

Therefore, the BRI measures the capacity for impulse control and the ability to 

ward off negative habits, besides tracking and regulating the impact of the child’s 

behaviour on another. BRI, therefore, measures behavioural outcomes, in terms 

of prohibited behaviours, impulse control and behavioural regulation. The ERI 

measures the ability to adapt behaviour to different environments, and control 

extreme reactions through empathy and walking in the shoes of another person. 

ERI, consequently, serves as a useful measure of emotional regulation and 

emotional perspective taking to moderate emotional reactions on the part of the 

child. CRI focuses on information retention and usage, completion of tasks that 

require complicated steps, goal planning and organising behaviour and objectively 

assessing work, besides ordering presented items effectively. So, CRI is associated 

with measuring cognitive outcomes in children with Spina Bifida in the present 

study. Finally, an overall GEC score presents a global picture of the child’s cognitive 

outcomes across these indices.  
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The reliability coefficients for the parent and teacher forms are above 0.90 (ref). 

Reliability coefficient depicts the overall consistency of a measure across 

repetitions of assessment procedures conducted at different times or by different 

observers. The test-retest correlation coefficients for clinical scales in BRIEF2 for 

parent and teacher forms is reported to be 0.79 (over average interval of 2.9 

weeks) and 0.82 (over average interval of 2.8 weeks) respectively. BRIEF2 has 

standardised normative scores for a US population sample stratified by census 

data on gender, parental educational level, and ethnicity (Gioia et al. 2015). 

Normative scores are available for gender and four developmental age groups: 5-

7 years, 8-10 years, 11-13 years, and 14-18 years.  

 

3.8.2.3 Calculation of raw scale scores and T-scores in BRIEF2  

Parents/guardians and teachers respond to each item on the BRIEF2 questionnaire 

by circling the appropriate answer, with 1 corresponding to Never (N), 2 

corresponding to Sometimes (S) and 3 corresponding to Often (O) - based on their 

observation of child over the past 6 months. The score for each response is 

transferred to the scoring sheet for summation to give the total raw score for each 

clinical scale and index in BRIEF2.  

 

Once the raw scores are calculated for the BRIEF2 scales and indexes, the T-score 

for each raw score from the parent/guardian form and the teacher form is 

identified using the appropriate normative table by gender and the four 

developmental age groups given in the BRIEF2 manual. T scores are used for the 
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interpretation of the level of child’s performance as rated by parents/guardians 

and teachers on the BRIEF2 forms. These T-scores are linear transformations of 

the raw scale scores (mean = 50, standard deviation = 10) and provide information 

about an individual’s scores relative to the scores of respondents in the BRIEF2 

standardization sample.  

 

For BRIEF2 T-scores, a score above 60 is reflective of modest difficulties and a score 

above 70 suggests more significant concerns. T-scores between 60 and 64 

represent scores between 1 and 1.5 standard deviations above the mean and 

represent mildly elevated scores. T-scores between 65 and 69 represent scores 

between 1.5 and 2 standard deviations above the mean and represent potentially 

clinically elevated scores. T-scores of 70 and above represent 2 standard 

deviations above the mean, which is the threshold for interpreting a score as 

clinically elevated. Analysis can be conducted by using the T-score as a continuous 

variable or by categorising the T-score based on its elevation above the normative 

mean value of 50.  

 

For the purposes of this study, scores across all BRIEF2 scales, indexes and the 

overall GEC were utilized as the primary variables. Raw scores in each domain 

were converted into standardized T-scores using the BRIEF2 manual and BRIEF2 

scoring sheet available for parent/guardian rating and teacher rating. The BRIEF2 

has been shown to have high internal consistency (α= .80 to .97) and has been 

validated against other widely used parent-report measures, such as the Child 
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Behavior Checklist (CBCL) and the Behavior Assessment System for Children 

(BASC). According to Senaratna et al. (2008), on account of its comprehensiveness 

in measurement, CBCL is often utilised as a gold standard for developing 

assessment tools. Additionally, BASC is a gold-standard tool for detecting issues 

with emotional regulation as well as emotional and behavioural problems in 

children (Merydith et al. 2003).  

 

The BRIEF2 is also used to study populations of children diagnosed with varying 

developmental disorders, such as Autism Spectrum Disorder (ASD), Attention 

Deficit Hyperactivity Disorder (ADHD), language disorders, apart from the factors 

such as premature birth which may trigger such disorders, as well as 

developmental conditions (Gioia et al. 2015). BRIEF2 parent/guardian and teacher 

forms, BRIEF2 manual and BRIEF2 scoring sheets were purchased formally for this 

study through the website www.hogrefe.co.uk.   

 

3.8.2.4 SDQ  

The second measure, Strengths and Difficulties Questionnaire (SDQ) is equally 

beneficial for assessing behavioural outcomes in the present study. Modern 

parent reports of SDQ find support in diverse studies (McCoy 2019). More 

specifically, temperament researchers have leveraged parent reports for assessing 

effortful control skills in children for decades (McCoy 2019). The SDQ developed 

by Goodman (1997) is a powerful parent report measure of children’s behavioural 

outcomes. Rothenberger and Woerner (2004) identify the main clinical benefit of 

http://www.hogrefe.co.uk/
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SDQ to be its brevity and comprehensiveness, quick administration, and easy 

scoring. Moreover, the tool comes equipped with a well-balanced number of 

positive and negative behavioural attributes, correspondence of subscales and 

items with major categories, in accordance with current clarification systems 

criteria (Rothenberger and Woerner 2004). The use of same items and scales for 

parents and teachers, together with the ready availability of the scale contributed 

to its utilisation in the present study. Additionally, the simple scoring and quick 

completion of the SDQ makes it a versatile screening tool, whose factorial 

structure and psychometric properties have been replicated across countries 

(Rothenberger and Woerner 2004).  

 

Regarding the ‘gold’ standard for outcome measures, while sensitivity analysis can 

evaluate the ability of tools to detect differences across time, it is essential to 

ensure responsiveness of the instrument, showing the tool to be an indicator of 

the degree of change on real-world measurements (Coster 2013). Responsiveness 

can be measured by showing changes on the measure as reflective of changes in 

external criterion or ‘gold’ standards (Coster 2013). In health and rehabilitation 

research, such requirements are challenging to meet, as gold standards are not 

established for most outcome measures (Coster 2013). In this context, deriving 

external standards would include asking individuals observing the participant over 

time to rate the change observed (Coster 2013).  
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The SDQ is a short behavioural screening tool used for children aged 3-16 years. It 

contains 25 questions to be completed by the parent/guardian or teacher based 

on their observation of child over the past 6 months. The rating is done on a three-

point scale (“not true”, “somewhat true” and “certainly true”). Each of these 25 

questions are concentrated into five scales namely (1) emotional symptoms, (2) 

conduct problems, (3) hyperactivity/inattention, (4) peer relationship problems as 

well as (5) prosocial behaviours. Scales 1 to 5 can be added together to generate 

a total difficulties score (based on 20 items). The total difficulties scores span 

values between 0 and 40. Each rise in total difficulties score corresponds with an 

increased susceptibility to developing childhood behavioural difficulties. Multi-

informant SDQs namely the parents, the teachers, or older children identified 

persons receiving a psychiatric diagnosis with a specificity of 94.6% (95% CI; 94.1 

– 95.1%) and the sensitivity percentage of 63.30% (59.7% to 66.9%) (Goodman et 

al. 2000). The standardised norms are available for a British population based on 

a representative British sample of 10,438 individuals aged between 5 and 15 years. 

The standardised norms are also split by gender and age band: 5-10 years and 11-

15 years (Goodman et al. 2000). For the purposes of this study, scores across all 5 

SDQ scales were utilized as the primary variables. The SDQ scores in each scale are 

categorised based on the norms available by age and gender.  

 

Regarding the gold standard outcome measures for SDQ, Vaz et al. (2016) reiterate 

that in the absence of gold standard measures for the assessment of mental health 

issues in children, a multimodal, multi-informant approach is best practice. 
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Informants are inconsistent in assessment of child and teen functioning and health 

regardless of methods of clinical assessment (Vaz et al. 2016). The level of 

agreement between SDQ-based diagnoses and clinical team diagnoses made by 

community and teen mental health services (considered gold standard) in one 

Australian study was moderate ranging across 0.39 to 0.56, associated with 

agreement on emotional problems, hyperactivity disorders (Mathai et al. 2004). 

Furthermore, a probable or 90% dichotomisation systems was used for measuring 

SDQ diagnoses. It equalled 36 per cent for emotional disorders, 93% for conduct 

disorders, and 44% for hyperactivity-linked disorders. Another gold standard 

outcome measure relevant here is the teacher agreement with parent ratings (Vaz 

et al. 2016). Using the Bland-Altman Limits of Agreement (LOA) plots, Vaz et al. 

(2016) have demonstrated the gold standard in terms of outcome measures for 

SDQ.  

 

3.8.2.5 Scoring of SDQ  

The score for each of the five scales in SDQ can range from 0 to 10 if the 

respondent has recorded an answer to every question. The SDQ comprises five 

subscales, comprising five items (Bøe et al. 2016). Respondents indicate which 

symptom applies on a three-point Likert-type scale, using the following options: 

“Certainly true”, “Somewhat true”, and “Not true”. Each of the subscale’s scores 

range from 0-10, although a higher score is indicative of deeper problems for all 

subscales, except for the prosocial scale which is reverse scored in that higher 

scores correspond to lower difficulties in prosocial behaviour (Bøe et al. 2016).  
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The SDQ scores can be used as continuous variable or to categorise the scores 

using a four-fold classification table available from a sample of the children in the 

UK. The SDQ total difficulties score can be categorised based on its elevation above 

the potential risk of having behavioural problems. The cut-off of SDQ total 

difficulties score for parent/guardian and teacher rating is ≥20 and ≥19 

respectively (EHCAP 2014). The SDQ form and SDQ normative scores tables are 

available online for free on www.sdqinfo.com.  

 

BRIEF and SDQ are widely used for screening child cognitive and behavioural 

development across the world. Some global studies have reported response rates 

of 95% to 100% for parents/guardians and teachers (Kesmodel et al. 2012; 

Johnson et al. 2014; Harris et al. 2016). In other studies where the participation by 

teachers was found to be low, only the results for the parent/guardian’s BRIEF 

ratings have been analysed (Kesmodel et al. 2012). The response from teachers 

has been shown to be higher in special schools (74%) versus mainstream schools 

(44.8%) (Hintermair 2013).  

 

3.8.3 Assessment of educational outcomes 

Although the data for Key Stage (KS) 1 and 2 (Appendix 6) are maintained by 

teachers in all mainstream schools in NI to record each pupil’s scale score in English 

and mathematics, it is recognised that special schools might deviate from the 

national curriculum and so may not have KS 1 and KS 2 data. The Teacher Academic 

Attainment Scale (TAAS) was chosen, under the guidance from the academic 

http://www.sdqinfo.com/
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supervisor expert in the field of child psychology, as a useful tool to conduct a 

uniform screening for the educational performance of children regardless of which 

type of school they are attending (Appendix 7). TAAS is completed by the teacher, 

who rates each child relative to the average level of performance expected of 

his/her class. It contains eight items rating a child’s educational performance on a 

5-point scale (“very below average”, “below average”, “average”, “above 

average”, “very above average”).  

 

Johnson et al. (2011) evaluated psychometric properties of TAAS among 

participants (n=340) between 10 and 11 years (N=187 for completely pre-term, or 

lower than 26 weeks and N=153 for those born within or at term). Utilizing the 

WIAT-II, a gold standard measure. TAAS assesses academic attainment using a 7-

item questionnaire. TAAS scores obtained by 6 as well as 11-year-old respondents 

correlated significantly with the Wechsler Individual Achievement Test-Second 

edition (WIAT-II) for reading scores (r=0.69, r=0.75 for 6- and 11-year-olds 

respectively, p< 0.001) and mathematics scores (r=0.75, r=0.82 for 6- and 11-year-

olds respectively, p< 0.001) (Johnson et al. 2011). WIAT-II is considered a gold 

standard for many medical and developmental conditions (Johnson et al. 2011). A 

gold standard test such as WIAT-II offers correct interpretation based on 

sensitivity, specificity, positive and negative predictive values, and prevalence 

(Cardoso et al. 2014).  
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Considerably higher TAAS scores for term as against preterm born children 

provided evidence for discriminative validity of the tool (Johnson et al. 2011). TAAS 

scores below 2.5 were associated with reading and maths learning impairment. 

The researchers concluded TAAS is a versatile, effective report of academic, 

educational attainment for both these types of outcomes, categorical as well as 

continuous. It is reliable, valid and time efficient. TAAS form is available online for 

free at https://www.researchgate.net/publication/223994177. Furthermore, 

information on the child’s KS 1 and KS 2 scores was also collected from mainstream 

schools and where available in special schools.   

 

3.9  Data sources  

This section describes the three data source points for this study.   

 

3.9.1  Data source 1: Parents/guardians  

Parents/guardians who provided signed consent were sent a booklet containing a 

sociodemographic questionnaire specific to that parent/guardian; the 

parent/guardian BRIEF2 and the SDQ (Appendices 31 and 32), together with a 

stamped, addressed envelope in which to return the completed booklet to the 

researcher. A total of 15 minutes is required to complete BRIEF2, 10 minutes to 

complete SDQ and 5 minutes to complete the sociodemographic questionnaire. 

Thus, the time required for parents/guardians to complete the booklet was 

approximately 30 minutes in total. One reminder letter was sent to those 

parents/guardians who did not return the completed booklet within two weeks.  

https://www.researchgate.net/publication/223994177


 

144 
 

 

3.9.2  Data source 2: Teachers  

On receipt of signed consent from the school Principal and a teacher, the 

researcher posted a booklet for the teacher to complete on the child with Spina 

Bifida. The booklet contained the teacher BRIEF-2, SDQ, a form on which to record 

the Key Stage (KS) 1 and 2 scores and TAAS (Appendix 33), to be completed and 

returned to the researcher using the stamped, addressed envelope provided. The 

teacher was asked to complete the booklet on the child with Spina Bifida in the 

first instance and return it to the researcher. One reminder letter was sent to those 

teachers who did not return this booklet within two weeks.  

 

Likewise, after receiving signed consent from a parent/guardian of a child without 

Spina Bifida, a booklet was posted to the teacher for completion. One reminder 

letter was sent to those teachers who did not return this booklet within two 

weeks.  

 

A total of 15 minutes is required to complete BRIEF-2, 10 minutes to complete 

SDQ, 5 minutes to complete TAAS and 5 minutes to note Key Stage 1 and 2 scores. 

The total time required for the teacher to complete each booklet was therefore 

35 minutes. The child’s name and the unique Identification (ID) number accorded 

to that child appeared on the cover page of the booklet for each child with or 

without Spina Bifida (Appendix 33). The first page of the booklet contained only 

the unique ID number and was followed by the tools. The teacher was asked to 
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remove and destroy the cover page showing the child’s name prior to returning 

the completed booklet. Therefore, the returned booklet contained only the ID 

number of the child.  

 

In order to reduce the burden on teachers, the following factors were taken into 

consideration:  

• BRIEF, the common tool for the assessment of cognitive development in 

children, is extensive, containing 86 items. An updated and validated shorter 

version of this tool, BRIEF2 (63 items), was used reducing completion time by 5 

minutes per assessment (Gioia et al. 2015). Although a 12-item BRIEF2 is also 

available, it is only a screening tool which was not appropriate for use in this 

study.  

• Teachers were asked to assess a maximum of two children in the class (i.e. one 

child with Spina Bifida and one child without Spina Bifida or two children with 

Spina Bifida).  

• Teachers received the PIS, consent form and a stamped, addressed envelope in 

a pre-assembled pack that included two booklets for completion with clear, 

brief guidance on how to complete them.  

• Each teacher was asked to complete the booklet on the child with Spina Bifida 

in the first instance and send it back to the researcher and the Principal was 

asked to forward the PIS and consent form to the parent/guardian of the 

potential control child. If the researcher received consent from that 

parent/guardian within two weeks, a booklet was posted to that 
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parent/guardian for completion in relation to their child (without Spina Bifida), 

and a pack was posted to the teacher containing the signed parental/guardian 

consent form and a booklet to complete on that child.  

 

3.9.3  Data source 3: Medical data from the BHSCT  

With the explicit consent of the parent/guardian, it was planned that the Chief 

Investigator would extract medical data on children with Spina Bifida from the 

Northern Ireland Electronic Care record (NIECR) and/or medical notes held by the 

Belfast Health and Social Care Trust (BHSCT) in relation to the following: 1) type of 

Spina Bifida; 2) lesion level on the vertebral column [thoracic/lumbar/sacral]; 3) 

presence of hydrocephalus [yes/no]; 4) shunt placed on child [yes/no]; 5) if yes to 

Q4, age at first shunt; and 6) number of shunt revisions (Appendix 34). The name, 

address, date of birth and Health and Care Number of the child was planned to be 

collected from the parent/guardian (Appendix 13) to ensure there was adequate 

information to enable the Chief Investigator to access the correct medical records 

through the BHSCT. The cover page of the data extraction form (Appendix 34) also 

had the name, address, date of birth and Health and Care number of the child to 

facilitate the correct identification of the child’s personal records by the Chief 

Investigator while on site.  

 

However, in view of the low participation from parents/guardians and teachers in 

the study and, given that analysis of the child’s medical characteristics was not 

possible, the plan to collect medical data was abandoned. The use of medical 

records could have enhanced the value of the research in this field especially with 
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regard to understanding the association of medical characteristics like type of 

Spina Bifida, presence/absence of hydrocephalus among others (Appendix 34) on 

the outcomes assessed in the study (Fletcher et al. 2005; Watt 2006). 

  

Of the 70 parents/guardians of children with Spina Bifida invited to participate in 

the study, 20 responded, of whom 19 completed booklets, giving a response rate 

of 27.14%. Of the 20 school Principals invited to take part in the study, 14 

responded, giving a response rate of 70%.  

 

Of the 14 parents/guardians of children without Spina Bifida who were invited to 

participate in the study through the school Principals, eight completed the 

booklets, giving a response rate of 57.14%. Teachers completed the booklets for 

13 children with Spina Bifida (13/14; 92.9% response rate) and 6 children without 

Spina Bifida (6/8; 75% response rate).  

 

 

3.10  Socio-Demographic Information  

A short questionnaire was included in the booklet for parents/guardians of 

children with Spina Bifida (Appendix 31) and children without Spina Bifida 

(Appendix 32) that sought information on factors that are known to influence the 

incidence of Spina Bifida and the outcomes measured in this study, such as the age 

of the mother at the time of birth (Toriello 2005), the highest level of education 

achieved by the mother (Grewal et al. 2009), comorbidity in the child with Spina 
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Bifida (e.g. the presence of epilepsy) and any additional support the child was 

receiving in school.   

 

3.10.1  Area of deprivation: Individual and area measures 

The area in which a child lives has been shown to influence the outcomes 

measured in this study, so parents/guardians were asked via the questionnaire for 

the postcode of their home address. This information was then linked to the most 

recent Northern Ireland Multiple Deprivation Measures (NIMDM 2017) published 

on 23 November 2017, to determine whether that area was deprived. The 

measures are comprised of 38 indicators split across seven domains of 

deprivation, with each domain given a separate weight: 1) Income (25%); 2) 

Employment (25%); 3) Health and Disability (15%); 4) Education, Skills and Training 

(15%); 5) Access to Services (10%); 6) Living Environment (5%); and 7) Crime and 

Disorder (5%). These seven domains are combined to create a Multiple 

Deprivation Measure for all 890 Super Output Areas (SOAs) in Northern Ireland, 

where rank 1 is the most deprived and 890 is least deprived SOA (Northern Ireland 

Statistics and Research Agency 2017).  

 

The database of postcodes within each SOA and the 2017 NIMDM rankings were 

accessed after accepting the terms and conditions of Northern Ireland Statistics 

and Research Agency (NISRA) and, with the permission of the statistician at the 

Deprivation and Geography Branch of NISRA, Stranmillis Court, Belfast.   
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3.11  Selected Tools, Socio-Demographic Factors Collected and the 
Theoretical Framework  

As previously explained in Chapter 2, Section 2.11 Bronfenbrenner’s model 

suggests that presence or absence of various individual and external factors may 

have implications on child adjustment and thereby affect the cognitive, 

behavioural and educational outcomes measured. The selected tools i.e., BRIEF2, 

SDQ, KS I and II, and TAAS, assisted in capturing the outcomes and in profiling of 

these three outcomes based on the individual and external factors included in the 

study. As can be inferred, Bronfenbrenner’s ecological model is directly linked to 

the method of assessment and analysis adopted by the present study (see Figure 

3.2 below). 

 
Figure 3.2: Framework depicting the multiple factors influencing cognitive, 
behavioural and educational outcomes (Bronfenbrenner 1979; 2005). 
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The microsystem signifies the relationship of the growing child with diverse 

settings in the immediate environment, namely physical objects, locations, and 

individuals within the child’s immediate context. Therefore, the microsystem is 

most closely allied with the world of the child and impacts the child as elements 

of this system have direct contact with the child. Instances of elements of this 

system include the peers, caregivers, and family, at home, school, work, or day-

care. When the child interacts with the microsystem, he or she develops 

bidirectional relationships.  

 

The next level is the mesosystem. It involves an interaction between different 

parts of an individual’s interconnected and interactive systems. The exo-system 

does not involve the child as a direct participant, but still impacts him or her. The 

exo-system involves linkages between two or more settings, where the child may 

not be present, and yet impacted. The macro-system, in turn, is the most distant 

collection of people and forces that impact a child, comprising cultural values and 

patterns, dominant ideas and beliefs, and political, as well as economic systems. 

Finally, the chronosystem adds the time dimension to the ecological model, 

addressing how change and constancy in the child’s environment impacts family 

structure, parental employment status, address, and societal changes, as well as 

economic recessions or wars. In studying the interrelatedness of factors that 

impact a child, the elements of the ecological model described above were 

considered as covariates in the model analysing the outcomes under study. 

Remaining within the remit of the study and considering the time to be requested 
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from parents/guardians for their socio-demographic information, 

presence/absence of epilepsy in child with Spina Bifida and four socio-

demographic covariates were finally decided to be included in this study, namely, 

age of child, child’s area of deprivation, mother’s education, and the age of mother 

at childbirth. These covariates were added to the model based on their relevance 

to the exposure and outcomes being analysed. Their importance was defined 

based on the literature review.  

 

3.12  Data Analysis 

The data obtained from parents/guardians and teachers were entered into the 

Statistical Package for Social Sciences (SPSS) version 24 for analysis. Before 

beginning formal analysis, the data from the booklets from parents/guardians and 

teachers were entered twice separately and then cross-checked to ensure the 

same frequencies using the compare dataset function (Kappa and intra-class 

correlation statistics) in SPSS (Armitage et al. 1971; Cohen 1960). 

 

Descriptive statistics in the form of mean age and frequency tables were used to 

summarise the area of deprivation (quintile). Scores for the child’s cognitive and 

behavioural development were obtained using the scoring system available for the 

assessment tools. The children’s BRIEF2 and SDQ scores were compared using an 

independent samples t-test, after observing the histogram to determine the 

normality of the data. The TAAS scores of children with Spina Bifida were 

compared with the performance of children without Spina Bifida using a chi-
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square test after creating two categories: 1) below average and 2) average and 

above average. 

 

Potentially concerns about shortfalls in the child’s development were identified 

based on the categorisation of scores following the manual for BRIEF2 and SDQ. 

Due to unequal numbers of participation of children in two groups; 1) children 

with Spina Bifida and 2) children without Spina Bifida in both parent/guardian and 

teacher ratings, data was not analysed following a case-control design. Instead, 

cross-sectional analyses were conducted to evaluate differences between children 

with and without Spina Bifida. In order to evaluate the influence of predictors on 

the developmental scores of children, crude and adjusted analyses were 

conducted. Crude analyses demonstrate the total effect of the predictor on the 

outcome variable. Adjusted analyses aim to account for potential confounding 

factors, showing a potential direct effect of the predictor on the outcome. There 

were four covariates known to affect the outcome studied were considered one 

at a time), on a priori basis in separate regression models; age of child, child’s area 

of deprivation, mother’s education level and mother’s age at the birth of child. 

Although demographic factors can be theorised as more distal, they were included 

as initial predictors in the model to evaluate their associations with the child’s 

cognitive, behavioural, and educational outcomes (Black and Krishnakumar 1998; 

Bukodi and Goldthorpen 2013; Duncan et al. 2018; Masten and Coatsworth 1998).  
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3.12.1 Linear regression models 

The continuous outcomes (score by parents and teachers) were analysed using 

linear regression models with robust standard error estimates. The robust 

standard errors were used to account for the higher similarity between children 

that were part of the same class and rated by the same teacher. Crude and 

regression analyses allowing robust standard errors were performed. For the 

crude analysis, only the outcome and the group of which the child was part of 

(with/without Spina Bifida) were included in the model. For adjusted analyses, the 

following covariates were included in separate models: child age, child’ area of 

deprivation, maternal education and maternal age at birth resulting in four models 

for parent/guardian data and four models for teacher data. Adjusted models 

control for potential confounding effects of the covariates on the association 

between the exposure and outcomes.  

 

3.12.1.1 Hierarchical structure of the models  

One of the main assumptions of any generalised linear model is that residuals of 

the observations being analysed are independent (Schreiber-Gregory et al. 2018). 

In practical terms, it means that the value of the outcome for one individual says 

nothing about the value of the outcome for another individual (i.e., that the 

individuals in the sample are not related between each other). However, there are 

cases in which this assumption could be violated and the residuals between the 

observations of a sample are not independent. For instance, if a study samples 

household and interviews all inhabitants in each household, it is natural to 
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understand that individuals that live within the same household are more similar 

between each other compared to individuals that live in other households (Diez-

Roux 2000; Snijders and Bosker 2011). A similar hierarchical structure was 

observed in this study sample when teacher ratings were analysed, for which one 

teacher rated more than one student from the same class. Hence, it is natural to 

understand that ratings given for children that were rated by the same teacher are 

not independent. For instance, the rating for one child was estimated taking into 

consideration the rating given for the previous child. 

 

 

The lack of independence between observation results could compromise the 

correct estimation of standard errors, usually underestimating their values 

(Salkind 2010). In order to correct for the lack of independence, and to correctly 

estimate standard errors, models that account for the hierarchical design of the 

data should be used. One alternative would be to use multilevel models, in which 

level 2 units would be teachers and level 1 units would be the children. However, 

these models require large sample sizes at all levels of analysis and considering the 

limited sample size of the current study, a multilevel analysis could not be 

conducted (Multilevel modeling, University of Bristol n.d.). One approach that can 

account for the clustering of observations, but that does not require large sample 

sizes, is to perform generalised linear models using robust standard error 

estimation (Abadie et al. 2017). The limitation of this approach is that it only works 

with two hierarchical levels, however in the case of this study it was enough to 

correct estimate the standard errors. The advantage of this method is that it is 
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robust to small sample sizes. While multilevel models would require that teachers 

(level 2 units) had evaluated more than one child (level 1 units), robust standard 

error estimation do not have this assumption. Considering the small sample size 

in our study, robust standard error estimation was adopted for all analyses 

conducted.  

 

3.12.1.2 Linear regression model assumptions 

Symmetric distribution of the residuals: The symmetrical distribution of the 

residuals confirmed the symmetrical distribution of the dependent variables 

(BRIEF2 GEC scores and SDQ Total Difficulties Scores). The symmetry of residuals 

was checked by visual inspection of their histogram.  

 

Independence of observations: Each parent/guardian had only one child in the 

sample, and each child received an independent score. However, as children from 

the group of children without Spina Bifida were selected by teachers in the same 

class as a child with Spina Bifida, analyses should ideally be matched. It was not 

possible to obtain a 1:1 matched pair between children with/without Spina Bifida 

due to the different number of participants in each group (case or control) and to 

the limited sample size, thus all analyses were performed without matching. The 

lack of independence between teacher observations could increase the number of 

false positives (i.e., generate spurious statistically significant results between 

children with Spina Bifida and children without Spina Bifida, where they do not 

really exist) (McDonald 2009). The regression analyses were performed using 
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robust standard errors to correctly estimate the standard errors, especially for 

those that were assessed by the same teacher and were part of the same class. It 

was not possible to perform multilevel analyses (Baayen 2008; Mumper 2017) due 

to the very small sample size. 

 

Homoscedasticity: In the standard regression model, the assumption of 

homoscedasticity of the regression error term is made, that is its variance is 

assumed to be constant in the population, conditional on the explanatory 

variables (Kirkwood and Sterne 2010).  The assumption of homoscedasticity 

usually holds when the observations from the model being analysed are 

independent between each other (i.e., have uncorrelated and constant variance 

of the outcome), however it fails when the variance changes in different segments 

of the population. In the current study, observations could not be considered 

totally independent between each other. For instance, teachers, when assessing a 

student, are expected to take into consideration the previous assessments made 

for other students. Hence, the outcome of a student will be conditional on the 

outcome from another student that were assessed by the same teacher. The lack 

of independence between the outcomes forces a higher variance correlation 

between students assessed by the same teacher, compared to students that were 

assessed by other teachers – changing the variance in different segments of the 

population and violating the homoscedasticity assumption. The assumption of 

homoscedasticity has an effect on the interval estimates of the parameters such 

as the confidence intervals and the t-statistic derived from the standard errors 
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(Yang et al. 2019). One possible solution is to derive weighted least squares, but 

the computation of the weights depends on the variables that are added to the 

model – hence, if the investigator misses important variables the weight 

estimation could be biased. A second solution is to fit regression models using 

robust standard errors. In this case, if homoscedasticity assumption is met, the 

estimation would be similar to a regular ordinary least squares (OLS) regression. 

In contrast, if homoscedasticity assumption is not met, the robust standard errors 

would correct for this problem (Mansournia et al. 2020).     

 

To correct for a potential lack of independence of the variance of the outcomes 

for students (individuals) assessed by the same teacher (cluster), cluster-robust 

standard errors were estimated for all models. In this case, the model is adjusted 

taking into consideration the cluster-level residuals – which are a linear 

combination of individual residuals in each cluster. Using this approach, the model 

is fitted using a different covariance matrix, avoiding that too narrow confidence 

intervals and p values are estimated due to a misspecification of the regression 

models (Mansournia et al. 2020). 

 

3.12.2 Logistic regression models 

The BRIEF2 GEC T-score was converted into dichotomous scale by categorisation 

of values as i) T-scores (T≥70) and ii) T-scores (T<70) (Gioia et al. 2015). The SDQ 

Total Difficulties Score was converted into dichotomous scale by categorisation of 

values as i) SDQ Total Difficulties Score (≥20) and ii) SDQ Total Difficulties Score 
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<20 for parent/guardian ratings and i) SDQ Total Difficulties Score (≥19) and ii) SDQ 

Total Difficulties Score <19 (EHCAP 2014; Section 3.8.2.5). 

 

For the dichotomous outcomes of BRIEF2 GEC score and SDQ Total Difficulties 

Score, logistic regression with robust standard errors was used for assessments 

made by parents. Crude and adjusted analyses were performed. For the crude 

analysis, only the outcome and the group of which the child was part of (with Spina 

Bifida or without Spina Bifida) were included in the model. For adjusted analyses, 

the following covariates were included in separate models: child age (continuous 

variable), child’ area of deprivation (continuous variable), maternal education 

(categorical variable) and maternal age at birth (continuous variable) resulting in 

four models for parent/guardian data. Adjusted models control for potential 

confounding effects of the covariates on the association between the exposure 

and outcomes. No analyses were conducted for teacher’s assessments, since there 

was no variability of the outcomes for the group of children without Spina Bifida 

(zero cell for both GEC and SDQ scores). Although Firth regression is capable of 

accounting for this lack of variability (Heinze 2006), it is not possible to estimate 

robust standard errors for Firth regression. This happens since this model relies on 

penalised likelihood estimation methods, which already penalises the standard 

error to estimate reliable confidence intervals (Cole et al. 2014).  
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3.12.2.1 Logistic regression model assumptions 

Independence of observations: Each parent/guardian had only one child in the 

sample, and each child received an independent score. However, as children from 

the group of children without Spina Bifida were selected by teachers in the same 

class as a child with Spina Bifida, analyses should ideally be matched. It was not 

possible to obtain a 1:1 matched pair between children with/without Spina Bifida 

due to the different number of participants in each group (case or control) and to 

the limited sample size, thus all analyses were performed without matching. The 

lack of independence between teacher observations could increase the number of 

false positives (i.e., generate spurious statistically significant results between 

children with Spina Bifida and children without Spina Bifida, where they do not 

really exist) (McDonald 2009). The regression analyses were performed using 

robust standard errors in order to correctly estimate the standard errors, 

especially for those that were assessed by the same teacher and were part of the 

same class.  

 

Homoscedasticity: Considering that, originally, the observations in the dataset 

were not considered independent, it is expected that observations are correlated 

between each other according to the outcomes being analysed. This correlation 

between observations contributes to violating the homoscedasticity assumption – 

i.e., that variance values are similar across all observation points. This assumption 

was checked by plotting the predicted values of the outcomes as a function of their 

residuals. Violation of this assumption could lead to biased estimates for standard 

errors (Yang et al. 2019). To correct for this potential issue and to avoid biased 
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estimates, standard errors were estimated using a robust approach in all models. 

In this case, it uses a different covariance matrix that adjusts for the correlation 

between the residuals. 

 

3.12.3 Comparison of sample mean with the normative mean available for BRIEF 

GEC scores and SDQ Total Difficulties Score  

The mean score for each of the BRIEF2 Global Executive Composite (GEC), for 

children in the study sample was compared with the published gender- and age-

adjusted US normative data using a one sample t-test. Likewise, the mean SDQ 

Total Difficulties score of children with Spina Bifida was compared with the 

gender- and age-adjusted normative data available for UK children looking 

comparing the confidence intervals of the study same and the population.   

 

3.12.4 Reporting to parents/guardians  

Each child’s scores from BRIEF2, SDQ and TAAS were combined into one report 

together with the normative scores (for BRIEF2 and SDQ) for children of the same 

age group and gender and will be posted to the parents/guardians of both children 

with and without Spina Bifida, who were advised that they might wish to share the 

information with their General Practitioner (GP) and/or their child’s teacher. 

 

3.12.5 Reporting to teachers  

A report containing the overall scores for children with and without Spina Bifida in 

relation to cognitive, behavioural and educational outcomes were posted to those 

teachers who participated in the study. Teachers were also informed in the PIS 
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(Appendices 22 and 23) that the parents/guardians of both children with and 

without Spina Bifida would be sent a report on their child containing the scores for 

the measured outcomes for their child and the standardised norms for children in 

the same age and gender group.  
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Chapter 4: Results 

 

4.1 Background to Results 

This chapter presents the cross-sectional analysis results from the data collected 

from parents/guardians (19 children with Spina Bifida and 8 children without Spina 

Bifida) and teachers (13 children with Spina Bifida and 6 children without Spina 

Bifida) using the tools: BRIEF2, SDQ and TAAS. Descriptive analysis of the socio-

demographic characteristics of children and mothers is presented, followed by 

descriptive and inferential analysis of cognitive, behavioural, and educational 

outcomes in children. Due to low participation in the study the results should be 

taken as supposition rather a confident statement.      

 

Figure 4.1 shows 19 stars for the location of the schools of children with Spina 

Bifida whose parents/guardians participated in the study. Two children with Spina 

Bifida were attending the same school. The map shows the distribution of 

completed booklets received from teachers and parents/guardians of children 

with Spina Bifida and without Spina Bifida.  
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Figure 4.1: Geographic distribution of schools the children in the study sample attended 

 

N 
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4.2  Data Preparation    

There were no missing data in the BRIEF2 and SDQ questionnaires completed by 

the parents/guardians and teachers. The analysis plan for Key Stage 1 and 2 could 

not be implemented as; 1) 52.6% of children were too young (<7 years) to be given 

Key Stage scores by their teachers (see section 3.10.3 in chapter 3 Methodology), 

and 2) the data collection from teachers was conducted between the months of 

March and June, and the majority of data had been collected before May which is 

the month when Key Stage l exams take place in schools. Therefore, the 

assessment of educational performance of children was undertaken based on data 

from the TAAS only. 

 

Although there were no missing data in the TAAS form for some subjects 

(English/Literacy, Mathematics, and Art and Design), there were data missing for 

others (Geography 3/13, History 2/13, I.T. 1/13, Science 3/13 and Design and 

Technology 2/13). Checks were made to ascertain if missing data pertained to 

subjects which were not applicable to child’s age. The missing data were identified 

as being teacher-specific and not due to the applicability of the subjects for 

children in lower age groups or with/without Spina Bifida (see Appendix 35, Tables 

35a and 35b). There was no protocol in place for contacting participants again to 

ask that they complete the missing data.   
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4.3 Socio-demographic Characteristics of Children with and without 
Spina Bifida 

Socio-demographic information for all children who took part in the study and 

their parents/guardians is presented in Table 4.1. Of the 70 parents/guardians of 

children with Spina Bifida invited to participate in the study, 20 responded, of 

whom 19 completed booklets, giving a response rate of 27.14%. Of the 20 school 

Principals who the study team had parental permission to contact, 14 responded, 

giving a response rate of 70%. 

 

Of the 14 parents/guardians of children without Spina Bifida who were invited to 

participate in the study through the school Principals, eight completed the 

booklets, giving a response rate of 57.14%. Teachers completed the booklets for 

13 children with Spina Bifida (13/14; 92.9% response rate) and 6 children without 

Spina Bifida (6/8; 75% response rate) (Table 4.1).  
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Table 4.1: Socio-demographic characteristics of study sample and parents/guardians 

 
(MDM 2017 is Multiple Deprivation Measures published on 23 November 2017) 
  
 

Most children in both groups of children with and without Spina Bifida were 

female. All the parents/guardians who completed booklets for both groups of 

children were mothers. There were no significant differences found in any 

demographic characteristic measured between children with and without Spina 

Bifida, or between their mothers using an independent sample T-test for 

Characteristic With Spina Bifida 
(n=19) 

Without Spina Bifida 
(n=8) 

P-value 

Age of child (years) 
Mean 
Standard Deviation (SD) 
Range 

 
7.84 
1.74 
5 – 11 

 
7.88 
2.1 
6 – 11 

 
0.967 
 
 

 
Gender 
Male [Number (%)] 
Female [Number (%)]  

 
 
6 (31.6) 
13 (68.4) 

 
 
1 (12.5) 
7 (87.5) 

 
 
0.633 

 
Tools completed by: 
Mother Number (%) 

 
 
19 (100) 

 
 
8 (100) 

 

 
Area of deprivation 
 
Mean (Standard Deviation) 
Range 
 
Quintile of MDM 2017 score 
Quintile 1 (most deprived) 
Quintile 2 
Quintile 3 
Quintile 4 
Quintile 5 (least deprived) 

 
 
 
466.16 (252.74) 
33 - 877 
 
 
4 (21.1) 
2 (10.5) 
4 (21.1) 
7 (36.8) 
2 (10.5) 

 
 
 
516.5 (210.9) 
20 - 713 
 
 
1 (12.5) 
0 (0) 
1 (12.5) 
5 (62.5) 
1 (12.5) 

 
 
 
0.652 
 
 
 
0.710 

 
Maternal age 
Mean 
Standard Deviation (SD) 
Range (years) 

 
 
31.05 
6.33 
21 - 44 

 
 
28.25 
3.41 
23 - 33 

 
 
0.252 

 
Maternal education 
Attended School [Number (%)] 
University degree [Number 
(%)] 

 
 
13(68.4) 
 
6 (31.6) 

 
 
3 (37.5) 
 
5 (62.5) 

 
 
0.206 
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continuous variables and Fisher’s exact test for categorical variables. For children 

with Spina Bifida, the mean maternal age at birth was 31 years. Mothers of 

children with Spina Bifida were slightly older than mothers of children without 

Spina Bifida, but this was not significant. Almost two-thirds of the mothers of the 

children without Spina Bifida had obtained a university degree, compared to 

almost one third of mothers of children with Spina Bifida, although the difference 

was not significant.   

 

Of the 19 children with Spina Bifida, 4 (21.1%) also had epilepsy; diagnosed at age 

5, 6, 8 and 9 years. Table 4.2 shows the type of school children were attending 

together with the additional support they received.  
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Table 4.2: Additional characteristics of children with Spina Bifida and without Spina 
Bifida  

*p<0.05 
Footnotes: N/A = Not Applicable  
 
 

Only two children with Spina Bifida in this sample attended special school, 

whereas, there were no children without Spina Bifida in the study from special 

schools. All children with Spina Bifida were receiving additional support from a 

classroom assistant while none of the children without Spina Bifida received any 

additional support. The difference between two distributions was statistically 

significant (Table 4.2).  The information on type of Spina Bifida is not available as 

the plan to collect medical data from the trust was abandoned in view of low 

participation by parents/guardians in the study, and the ethics application to the 

BHSCT was not submitted (Chapter 3, Section 3.9.3).  

 

Characteristic With Spina Bifida 
(n=19) 

Without Spina 
Bifida 
(n=8) 

P-value 

 
Type of school 
Mainstream 
Special 

 
 
17 (89.5) 
2 (10.5) 

 
 
8 (100) 
0 (0) 

 
 
0.99 

 
Additional support in school 
Yes 
No 

 
 
19 (100) 
0 (0) 

 
 
0 (0) 
8 (100) 

 
 
0.0001* 

 
Type of additional support 
Classroom assistant 
Other 

 
 
19 (100) 
0 (0) 

 
 
N/A 
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4.4 Outcomes  

4.4.1 Cognitive outcomes 

This section presents the cognitive outcomes in children with and without Spina 

Bifida from BRIEF2 completed by parents/guardians and teachers. 

 

4.4.1.1 BRIEF2 parents/guardians and teachers report  

Table 4.3 presents the mean T-scores for the BRIEF2 scales, index scores and the 

GEC from the parent/guardian and teacher reports on the children with Spina 

Bifida compared to the normative score based on US children population available 

in the BRIEF2 manual (Gioia et al. 2015). In BRIEF2, a score of 50 is the normative 

mean score. Any score greater than 50 may be indicative of difficulties for BRIEF2 

scales and indexes (Gioia et al. 2015; see Chapter 3, Section 3.8.2). Analysis can be 

performed by using the T-score as a continuous variable or by categorising the T-

score based on its elevation above the normative mean value of 50. In the first 

section, analysis was performed using the T-score as a continuous variable for all 

BRIEF2 scale/index/composite measures followed by the analysis of categorised 

BRIEF2 GEC T-score (under BRIEF2 guidelines) using appropriate logistic regression 

methods. The linear regression estimated the unit difference in the mean BRIEF2 

GEC scores (from both parent/guardian and teacher ratings) between children 

with Spina Bifida and children without Spina Bifida, and the logistic regression 

detected any associations between clinically elevated scale scores for BRIEF2 GEC 

scores and Spina Bifida status. The decision on using parametric or non-parametric 

tests was based on histogram plots and Kolmogorov Smirnov tests of normality for 

the continuous scores (Chan 2003) (Appendix 36 and Table 36a in Appendix 36), 
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and Bonferroni correction for multiple comparison was used to reduce the chance 

of getting any significant result from Type I error (Armstrong 2014). 
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Table 4.3: Comparison of BRIEF2 scale, indexes and the GEC T-scores for children with Spina Bifida against the US normative T-score (parent/guardian and 
teacher rating) 

Scale/index/composite 
measure  

Parent/guardian rating (Spina Bifida n=19) Teacher rating (Spina Bifida, n=13) 

T-score  
Mean (SD) 

Normative  
Mean (SD) 

P value T-score  
Mean (SD) 

Normative  
Mean (SD) 

P value 

Inhibit 53.11 (12.23) 50 (10) 0.283 54.54 (12.87) 50 (10) 0.228 
Self-monitor 53.05 (12.5) 50 (10) 0.301 60.31 (16.37) 50 (10) 0.042 
Behavior Regulation Index 
(BRI) 

53.47 (13.22) 50 (10) 0.267 57.62 (15.06) 50 (10) 0.093 

Shift 63.05 (15.7) 50 (10) 0.002* 62.92 (11.69) 50 (10) 0.002* 
Emotional control 62.58 (12.5) 50 (10) <0.001* 54.08 (13.55) 50 (10) 0.299 
Emotion Regulation Index 
(ERI) 

64.26 (15.08) 50 (10) <0.001* 59.62 (11.28) 50 (10) 0.010 

Initiate 59.74 (11.66) 50 (10) 0.002* 64.00 (10.97) 50 (10) <0.001* 
Working memory 66.74 (11.14) 50 (10) <0.001* 70.69 (11.71) 50 (10) <0.001* 
Plan/organize 57.74 (13.45) 50 (10) 0.022 60.69 (12.46) 50 (10) 0.009 
Task-monitor 59.00 (10.93) 50 (10) 0.002* 63.69 (12.66) 50 (10) 0.002* 
Organisation of materials 54.42 (11.65) 50 (10) 0.116 58.69 (18.45) 50 (10) 0.115 
Cognitive Regulation Index 
(CRI) 

61.68 (13.17) 50 (10) <0.001* 65.54 (12.87) 50 (10) <0.001* 

Global Executive Composite 
(GEC) 

62.42 (13.77) 50 (10) <0.001* 63.85 (12.75) 50 (10) 0.002* 

*Bonferroni correction: α = 0.0038 
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Table 4.3 shows that children with Spina Bifida had higher scores than the 

normative T-score of 50 on all BRIEF2 clinical scales and indexes as rated by both 

parents/guardians and teachers. Based on the ratings provided by their 

parents/guardians, the mean scores for children with Spina Bifida on the scales 

Shift, Emotional Control, Initiate, Working Memory, Plan/Organize and Task 

Monitor, the indexes ERI and CRI, and the overall GEC were significantly higher 

than the normative score (α<0.05). This difference remained significant after the 

Bonferroni correction for multiple comparison (α=0.0038), for all scales except for 

Plan/organize.  

 

Based on the ratings provided by their teachers, children with Spina Bifida had 

significantly higher mean scores in all scales and indexes compared to the 

normative score except for Inhibit, Emotional Control and Organisation of 

Materials and the BRIEF2 BRI (α <0.05). This difference remained significant after 

the Bonferroni correction (α=0.0038), except for the scales; Self-Monitor and 

Plan/Organize, and ERI (Table 4.3). The results were similar to parents/guardians’ 

ratings, except for scale, emotional control and ERI. 

 

Table 4.3 also shows that the BRIEF2 ratings from both parent/guardian and 

teachers showed that children with Spina Bifida were performing similarly to the 

normative score of 50 based on performance of a sample of US children of similar 

age on index BRI and its scales; inhibit and self-monitor and Organisation of 

Materials.  
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Table 4.4 presents the mean BRIEF2 scales and indexes score for children with 

Spina Bifida differentiated by presence/absence of epilepsy. Given that the 

presence of epilepsy is shown to affect development of children with Spina Bifida 

(Wasserman and Holmbeck 2016), the comparison of parents/guardian and 

teacher BRIEF2 ratings within the group of children with Spina Bifida was 

necessary.
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Table 4.4: Mean BRIEF2 scale, indexes and GEC T-scores for children with Spina Bifida differentiated by epilepsy (parent/guardian and teacher rating) 

Scale/index/composite measure  Parent rating Teacher rating 

Spina Bifida without presence 
of epilepsy 
(n=15) 
 
T-score Mean (SD) 

Spina Bifida with presence 
of epilepsy 
(n=4) 
T-score Mean (SD) 

Spina Bifida without presence 
of epilepsy 
(n=9)  
 
T-score Mean (SD) 

Spina Bifida with presence 
of epilepsy 
(n=4) 
T-score Mean (SD) 

Inhibit 53.67 (12.58) 51.00 (12.30) 52.44 (12.95) 59.25 (13.12) 
Self-monitor 54.53 (12.65) 47.50 (11.79) 58.00 (17.74) 65.50 (13.43) 
Behavior Regulation Index (BRI) 54.47 (13.5) 49.75 (13.25) 55.33 (15.72) 62.75 (14.08) 
Shift 62.67 (12.96) 64.50 (26.29) 62.00 (11.7) 65.00 (13.14) 
Emotional control 63.8 (11.99) 58.00 (15.14) 48.78 (6.44) 66.00 (18.71) 
Emotion Regulation Index (ERI) 64.40 (12.67) 63.75 (24.8) 55.89 (8.73) 68.00 (13.04) 
Initiate 60.40 (11.43) 57.25 (13.96) 64.00 (10.99) 64.00 (12.62) 
Working memory 67.33 (10.99) 64.50 (13.12) 69.44 (12.87) 73.50 (9.57) 
Plan/organize 59.33 (13.05) 51.75 (15.19) 59.44 (10.93) 63.50 (16.94) 
Task-monitor 60.00 (10.46) 55.25 (13.53) 63.89 (12.72) 63.25 (14.45) 
Organisation of Materials 55.40 (11.95) 50.75 (11.2) 56.44 (14.93) 63.75 (26.79) 
Cognitive Regulation Index (CRI) 62.80 (12.60) 57.50 (16.44) 64.67 (12.58) 67.50 (15.26) 

Global Executive Composite (GEC) 63.53 (13.19) 58.25 (17.23) 61.89 (11.84) 68.25 (15.46) 



 
 

175 
 

 

Considering parental rating, 12 out of the 13 scales analysed were higher for 

children with spina bifida but without epilepsy. In turn, considering teacher’s 

rating, 11 out of the 13 scales analysed were higher for children with spina bifida 

and epilepsy.  

 

In the parent/guardian rating, the higher difficulties were seen for the scale Shift 

only in children with Spina Bifida who also had epilepsy compared to the children 

with Spina Bifida who did not have epilepsy. The parent/guardian ratings were 

lower in the rest of the scales and indexes for the group of children with epilepsy 

than the group containing children with Spina Bifida who did not have epilepsy. 

Teacher rating shows that children with Spina Bifida who also had epilepsy 

consistently had higher difficulties in all BRIEF2 scales than those who did not have 

epilepsy except for Initiate and Task Monitor. The test for presence of any 

significant differences was not possible due to the small sample size of children 

with Spina Bifida who also had epilepsy (Table 4.4). 

 

Table 4.5 presents the mean scores for BRIEF2 scales, index scores and the GEC 

from the parent/guardian and teacher ratings on the children with Spina Bifida 

and children without Spina Bifida who participated in the study. Several normality 

checks were conducted with the outcomes analysed in this study. However, due 

to the small sample size it might be difficult to visually assess if the distribution is 

symmetric. To support the normality checks, several Kolmogorov-Smirnov (KS) 

tests were conducted. This test measures the distance between the sample 

empirical distribution and the cumulative function distribution of a reference 
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sample. Its null hypothesis is that the sample distribution was taken from the 

reference population, and hence it would present a normal distribution (Lilliefors 

1967). Most of the KS tests conducted were not statistically significant, showing 

that outcomes were normally distributed (refer to Table 37a in Appendix 37). 



 

 
177 

 

Table 4.5: Group comparison of the BRIEF2 scale, indexes and the GEC T-scores (parent/guardian and teacher rating)   

Scale/index/composite measure  
 
 

Parent rating Teacher rating 

Spina Bifida 
(n=19) 
T-score Mean (SD) 

Without Spina Bifida 
(n=8) 
T-score Mean (SD) 

P-value Spina Bifida 
(n=13) 
T-score Mean (SD) 

Without Spina Bifida 
(n=6) 
T-score Mean (SD) 

P-value 

Inhibit 53.11 (12.23) 51.13 (13.33) 0.711 
 

54.54 
(12.87) 

45.00 
(3.29) 

0.025 
 

Self-monitor 53.05 (12.5) 47.13 (11.95) 0.247 60.31 
(16.37) 

45.5 
(5.61) 

0.028 

Behavior Regulation Index (BRI) 53.47 (13.22) 49.63 (13.37) 0.312 57.62 
(15.06) 

45.00 
(4.29) 

0.064 

Shift 63.05 (15.7) 52 (9.46) 0.077 62.92 
(11.69) 

43.67 
(2.88) 

<0.001* 
 

Emotional control 62.58 (12.5) 56.50 (14.77) 0.284 
 

54.08 
(13.55) 

45.5 
(3.21) 

0.126 

Emotion Regulation Index (ERI) 64.26 (15.08) 55.38 (12.65) 0.157 59.62 
(11.28) 

44.00 
(1.9) 

<0.001* 
 

Initiate 59.74 (11.66) 49.25 (10.66) 0.039 
 

64.00 
(10.97) 

42.0 
(1.55) 

<0.001* 

Working memory 66.74 (11.14) 50.50 (11.36) 0.002* 70.69 
(11.71) 

43.67 
(2.94) 

<0.001* 
 

Plan/organize 57.74 (13.45) 51 (11.12) 0.225 60.69 
(12.46) 

42.00 
(3.46) 

<0.001* 
 

Task-monitor 59.00 (10.93) 51.63 (7.58) 0.096 63.69 
(12.66) 

43.83 
(2.86) 

<0.001* 

Organisation of Materials 54.42 (11.65) 49.88 (8.17) 0.364 58.69 
(18.45) 

44.67 
(3.62) 

0.055 
 

Cognitive Regulation Index (CRI) 61.68 (13.17) 51.13 (10.70) 0.031 65.54 
(12.87) 

42.00 
(1.79) 

<0.001* 
 

Global Executive Composite (GEC) 62.42 (13.77) 52.13 (11.34) 0.043 63.85 
(12.75) 

42.33 
(2.25) 

<0.001* 

*Bonferroni correction:  α=0.0038
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As shown Table 4.5, parent/guardian ratings showed that children with Spina 

Bifida only had significantly higher mean scores on the BRIEF2 scales Initiate 

and Working Memory, and indexes CRI and the GEC than children without 

Spina Bifida (α >0.05). After Bonferroni correction (α = 0.0038), this difference 

remains significant for the scale Working Memory only. 

 

With the exception of BRIEF2 scales, Emotional Control and Organization of 

materials and the BRI index, the teacher ratings for BRIEF2 were consistently 

higher on all scales for children with Spina Bifida compared to those without 

Spina Bifida. After the Bonferroni correction, the p-value remained significant 

for the scales Shift, Initiate, Working Memory, Plan/Organize and Task 

Monitor, and for the indexes ERI, CRI and the GEC (Table 4.5). 

 

Figures 4.2 and 4.3 show the bar charts for the mean scores for BRIEF2 scales 

and indexes from parent/guardian and teacher ratings, respectively. Taller 

bars are indicative of higher scores of difficulties. In Figure 4.2, the bars for 

children with Spina Bifida are consistently taller than the ones for children 

without Spina Bifida for all scales/indexes analysed. However, statistically 

significant differences were found only for initiate working memory, CRI and 

GEC indexes, but only working memory was significant after the Bonferroni 

correction for multiple testing. Similarly, in Figure 4.3 all bars were taller for 

children with Spina Bifida compared to their peers. Statistically significant 

differences were perceived for most scales/indexes analysed, except for BRI, 
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emotional control and organisation of materials. After the Bonferroni 

correction, the p-value remained significant for the scales Shift, Initiate, 

Working Memory, Plan/Organize and Task Monitor, and for the indexes ERI, 

CRI and the GEC.  
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Figure 4.2: BRIEF2 scale and index T-score ratings within sample of 19 children with Spina 
Bifida and 8 children without Spina Bifida (parent/guardian rating). 
 

 
Figure 4.3: BRIEF2 scale and index T-score ratings within sample of 13 children with Spina 
Bifida and 6 children without Spina Bifida (teacher rating). 
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Table 4.6 shows the distribution of the BRIEF2 overall GEC mean T-scores in four 

BRIEF2 categories for the children with and without Spina Bifida. Scores of less 

than 60 indicate no risk of delays, scores of 60 to 64 indicate mild risk of delays, 

scores of 65 to 69 indicate potentially clinically elevated scores for risk of delays 

and scores of 70 and above indicate clinically elevated scores for risk of delays. 

 
 
Table 4.6: Distribution of BRIEF2 mean GEC T-scores (parent/guardian and teacher 
rating) 

 Parent/guardian rating Teacher rating 

With Spina 
Bifida 
N=19 

Without Spina 
Bifida 
N=8 

With Spina 
Bifida 
N=13 

Without Spina 
Bifida 
N=6 

Risk of delay category n (%) n (%) n (%) n (%) 

Normal limits  9 (47.4) 7 (87.5) 4 (30.7) 6 (100) 

Mildly elevated   2 (10.5) 0 3 (23.1) 0 

Potentially clinically 
elevated 

3 (15.8) 0 3 (23.1) 0 

Clinically elevated 5 (26.3) 1 (12.5) 3 (23.1) 0 

  
 

As Table 4.6 shows, the mean BRIEF2 GEC T-score from the parent/guardian 

reports was less than 60 (i.e., within normal limits) for almost half (47.4%) of 

children with Spina Bifida and for 87.5% of children without Spina Bifida. The 

scores from teacher reports were less than 60 for 30.7% of children with Spina 

Bifida and for all children without Spina Bifida. The percentage of children with 

Spina Bifida with a BRIEF2 GEC mean score of 70 or above (i.e., clinically elevated 

scores for risk of delays) on the parent/guardian report and the teacher report was 

26.3% (5 out of 19 children) and 23.1% (3 out of 13 children) respectively. A 
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clinically elevated GEC score was reported for 1 child without Spina Bifida (12.5%) 

from parent/guardian reports and none from the teacher reports. 

 

Table 4.7 shows the number and percentage of children who had clinically 

elevated scores (BRIEF2 mean scores of 70 and above) on the BRIEF2 scales, 

indexes, and the GEC.
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Table 4.7: Group comparison for clinically elevated T-scores (T≥70) on BRIEF2   scale, indexes   and the GEC T-scores (parent/guardian and teacher rating) 

 Parent rating Teaching rating 

Scale/index/composite Children with 
Spina Bifida 
(N=19) 

Children without 
Spina Bifida 
(N=8) 

P value 
 

Children with 
Spina Bifida 
(N=13) 

Children without 
Spina Bifida 
(N=6) 

P value 

n (%) n (%) n (%) n (%) 

Inhibit 2 (10.5) 1 (12.5) 0.99 2 (15.4) 0 0.99 
Self-monitor 2 (10.5) 1 (12.5) 0.99 5 (38.5) 0 0.128 
Behavior Regulation Index 2 (10.5) 1 (12.5) 0.99 5 (38.5) 0 0.128 
Shift 6 (31.6) 0 (0) 0.136 3 (23.1) 0 0.517 
Emotional control 5 (26.3) 2 (25) 0.99 2 (15.4) 0 0.99 
Emotion Regulation Index 6 (31.6) 1 (12.5) 0.633 3 (23.1) 0 0.517 
Initiate 3 (15.8) 1 (12.5) 0.99 6 (46.2) 0 0.109 
Working memory 9 (47.4) 1 (12.5) 0.190 8 (61.5) 0 0.018* 
Plan/organize 5 (26.3) 1 (12.5) 0.633 2 (15.4) 0 0.99 
Task-monitor 3 (15.8) 0 (0) 0.532 4 (30.8) 0 0.255 
Organization of Materials 2 (10.5) 0 (0) 1.0 2 (15.4) 0 0.99 
Cognitive Regulation Index 5 (26.3) 1 (12.5) 0.633 4 (30.8) 0 0.255 

Global Executive Composite   5 (26.3) 1 (12.5) 0.633 3 (23.1) 0 0.517 
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There was no significant difference detected from a Fisher’s exact test for the 

proportion of children presenting with clinically elevated scores for risk of delays 

in any BRIEF2 parent/guardian ratings and only for Working Memory for teacher 

rating. 

 

4.4.1.2  Linear regression: parent/guardian and teacher rating of BRIEF2 GEC 
score  

Table 4.8 describes the crude and adjusted analyses of the mean difference of 

BRIEF2 GEC scores between children with Spina Bifida and children without Spina 

Bifida from their parent/guardian’s and teacher’s ratings (linear regression). The 

details on assumptions and outputs are presented in Appendices 38 and 39. The 

R2 indicates the percentage of the variance explained. It is possible to see that the 

proportion of variance explained by the independent variable in all teacher 

models was higher compared to parents. The R2 for parent’s assessments 

explained from 12.2% to 25.3% of the variance of the outcome (BRIEF2 scores), 

while for teachers the percentage explained ranged from 50.7% to 56.3%. The R2 

indicates the quality of the models that were fitted; hence it is possible to note 

that outcomes measured from teachers were better explained by the predictors 

analysed. Adjusting for the covariates did not decrease the estimates for either 

parents or teachers. Since all results in Table 4.8 refer to the same outcome, 

having a similar scale, the unstandardized beta coefficients are displayed. They 

represent on average how big, or small, the BRIEF2 GEC scores for children with 

Spina Bifida compared to children without Spina Bifida.  
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The crude analysis showed a 10.3 (95%CI = -0.09; 20.70) score for parental rating 

– but without statistical significance between children with and without Spina 

Bifida. Apart from the crude analysis, four adjusted models were also fitted, 

adjusting for child’s age, area of deprivation, maternal education, and maternal 

age at birth of child. Adjusted models control for potential confounding effects of 

the covariates on the association between the exposure and outcomes.  

 

The crude analysis showed no difference on parental ratings between children 

with and without Spina Bifida. In contrast, after adjustment for child’s age and 

maternal age a statistically significant difference between children with and 

without Spina Bifida was identified, being, respectively, 10.34 (95%CI = 0.34; 

20.35) and 11.39 (95%CI; 0.67; 22.11) higher for cases compared to children 

without Spina Bifida.  

 

Regarding teacher’s ratings, the crude analysis showed that scores were 22.17 

(95%CI; 13.82; 30.51) higher for children with Spina Bifida compared to children 

without Spina Bifida. After adjustment for child’s age and area of deprivation, the 

scores slightly reduced to 21.81 and 21.73, respectively. In turn, adjusting the 

models for maternal education and age the scores increased to 22.77 and 23.61, 

respectively.  
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Table 4.8: Crude and adjusted linear regression models for parent/guardian’s and teacher’s ratings (BRIEF2 GEC scores) 

Covariate R2 Unstandardised Coefficient B 95% CI for B P value 

Crude 
Parent/guardian rating 
Teacher rating 

 
0.122 
0.507 

 
10.3 
22.17 

 
-0.09 to 20.70 
13. 82 to 30.51 

 
0.052 
< 0.001* 

Model 1: Adjusted for Child’s age 
Parent/guardian rating 

 
0.158 

 
10.34 

 
0.34 to 20.35 

 
0.043 

Teacher rating 
 

0.532 21.81 12.83 to 30.79 < 0.001* 

Model 2: Adjusted for Area of Deprivation   
Parent/guardian rating 
Teacher rating 
 

 
 
0.146 

 
 
9.84 

 
 
-0.31 to 19.98 

 
 
0.057 

0.510 21.73 10.93 to 32.52 0.001* 

Model 3: Adjusted for Maternal Education 
Parent/guardian rating 

 
 
0.253 

 
 
10.30 

 
 
-1.62 to 22.21 

 
 
0.087 

Teacher rating 
 

0.518 22.77 9.73 to 35.82 0.002* 

Model 4: Adjusted for Maternal Age 
 Parent/guardian rating 

 
0.146 

 
11.39 

 
0.67 to 22.11 

 
0.038* 

 Teacher rating 
 

0.563 23.61 14.80 to 32.43 < 0.001* 
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4.4.1.3  Logistic regression: parent/guardian and teacher rating of BRIEF2 GEC 
score  

Table 4.9 describes the crude and adjusted analyses of logistic regressions to 

determine the odds ratio between children with Spina Bifida and children without 

Spina Bifida for the binary BRIEF2 GEC score (details given in Appendix 40). Only 

parental assessments were analysed, since zero cell estimates were identified for 

teacher’s assessments. 

 

No differences in parental rating of GEC scores between children with/without 

Spina Bifida were identified (all p values > 0.05), odds ratio between 2.50 and 3.10. 

Although not significant, the odds show that children with Spina Bifida had from 

2.50 to 3.10 times higher odds of presenting scores ≥ 70 compared to children 

without Spina Bifida. This happens because the frequency of children with GEC 

scores higher than 70 was small, overestimating odds ratio values. Overestimation 

occurs since the odds ratio is calculated by dividing the odds of achieving a GEC 

score higher than 70 in cases (crude odds = 5/14) by the odds in controls (crude 

odds = 1/7). Considering that only 1 child from the control group had GEC scores 

higher than 70, the denominator of the odds ratio would be very small (0.14), 

overestimating the association. Also, due to the reduced sample size the 

confidence intervals were very wide, and this could have compromised the power 

to find a statistically significant association. 

 

  



 
 

188 
 

 
 

Table 4.9: Crude and adjusted logistic regression models with robust standard error 
estimates for parent/guardian’s rating (BRIEF2 GEC score) 

Independent variable in 
the model 

Odds ratio (OR) CI for OR P value 

Unadjusted 2.50 0.23 – 26.88 0.450 

Model 1 
Age of child 

2.69 0.31 – 23.62 0.372 

Model 2 
Child’s area of 
deprivation  

2.21 0.26 – 18.56 0.467 

Model 3 
Mother’s Education  

2.77 0.18 – 42.33 0.462 

Model 4 
Mother’s age at birth of 
child  

3.10 0.28 – 33.82 0.354 

 

Assessing the linear and logistic models it is possible to note that the use of linear 

models with continuous outcomes adjusted better for the current study. Due to 

the small sample size, dichotomizing the outcomes causes an increased loss of 

information and increases the probability of generating zero cell estimates. 

Additionally, the reduced number of individuals in some categories cause the odds 

ratio to be overestimated. In turn, using linear models with continuous outcomes 

there is no loss of information, and it avoids the overestimated effect sizes.  

 

4.4.1.4 Comparison of BRIEF2 GEC mean of the study sample with the 
normative mean 
This section shows the result for the mean values for the study population 

compared with the mean normative BRIEF2 GEC T-score available for US children 

(Gioia et al. 2015).  No formal statistical test was performed due to the different 

sampling frames of both samples. The sample used in this study is a convenience 

sample, while the normative sample is based on a probability-based sampling 
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design. For this reason, samples are not directly compared using p values, but 

only using means and confidence intervals.  

Comparing means and 95% confidence intervals, it is possible to see that both 

parental and teacher mean BRIEF2 GEC T-scores differed between the study 

sample and the US sample since the mean of study sample did not lie within the 

confidence interval of the other sample. Hence, it is possible to infer that the 

mean score of the study sample was higher compared to the normative mean 

for US children (Table 4.10).  

 

Table 4.10: BRIEF2 GEC T-scores of children from the parent/guardian report and 
teacher ratings compared with the normative mean for US children 

 Sample population mean Normative sample 

 N Mean 95%CI N Mean 95%CI 

Children in the 
sample  

(parent/guardian 
report) 

 

27 

 

59.37 

 

55.1; 
69.8 

 

3603 

 

50.0 

 

49.7; 
50.3 

Children in the 
sample  

(teacher report) 

 

19 

 

57.05 

 

49.9; 
64.13 

 

3603 

 

50.0 

 

49.7; 
50.3 
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4.4.2 Behavioural outcomes 

This section presents the behavioural outcomes in children with Spina Bifida and 

children without Spina Bifida as assessed using the SDQ completed by 

parents/guardians and teachers. 

 

4.4.2.1 SDQ parents/guardians and teachers report 

Table 4.11 presents the mean scores from the parent/guardian SDQ rating for 

children with Spina Bifida compared to those of children without Spina Bifida. In 

SDQ, an increase in the score corresponds with an increase in the risk of delays in 

behavioural abilities, except for the prosocial score where an increase in the score 

corresponds with better prosocial behaviour in the child. The child has good peer 

relations if he/she has a higher prosocial score. The potential range of scores are 

given in Chapter 3 Methodology (Section 3.8.2). Analysis can be done by using the 

scores as a continuous variable or by categorising the score based on its elevation 

above the potential risk of having behavioural problems in parent/guardian ratings 

(SDQ Total Difficulties Score (≥20) and teacher ratings (SDQ Total Difficulties Score 

(≥19) (EHCAP 2014; Section 3.8.2.5). In the first section, analysis is performed 

using the scores as a continuous variable followed by the analysis of categorised 

scores (under SDQ guidelines) using appropriate logistic regression methods. The 

decision on using parametric or non-parametric tests was based on histogram 

plots and Kolmogorov Smirnov tests of normality for the continuous scores (Chan 

2003) (Appendix 41 and table 41a in Appendix 41). Considering that outcomes 

were symmetrically distributed, parametric tests were employed.
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Table 4.11: Group comparison on scores for SDQ scales (parent/guardian and teacher rating) 

SDQ subscales Parent/guardian rating Teacher rating 

With Spina Bifida 
(n=19) 
Mean (SD) 

Without Spina 
Bifida 
(n=8) 
Mean (SD) 

P-value With Spina Bifida 
(n=13) 
Mean (SD) 

Without Spina 
Bifida 
(n=6) 
Mean (SD) 

P-value 

Emotional symptoms 4.11 (2.81) 3.88 (2.85) 0.944 2.85 (3.44) 0.33 (0.82) 0.096 
Conduct problems  2.16 (2.3) 1.63 (2.2) 0.365 1.38 (1.61) 0.00 (0.00) 0.033 
Hyperactivity/ inattention 5.37 (1.9) 4 (2.14) 0.084 5.62 (2.99) 1.50 (1.38) 0.013 

Peer problems 2 (2.16) 1 (1.41) 0.271 3.00 (1.47) 0.17 (0.41) 0.001* 
Prosocial behaviour  8.21 (1.69) 9.13 (0.84) 0.250 7.31 (2.66) 8.83 (2.04) 0.208 

Total difficulties 13.63 (6.47) 10.50 (6.7) 0.970 12.85 (6.40) 2.00 (1.27) 0.001* 

*Bonferroni correction: α = 0.01
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As Table 4.13 shows, there were no significant differences in the mean scores for 

children with and without Spina Bifida in the parent/guardian rating for any SDQ 

scale. By contrast, the teacher SDQ rating showed significantly raised mean scores 

for children with Spina Bifida compared to children without Spina Bifida on the 

SDQ subscales Conduct Problems, Hyperactivity/Inattention and Peer Problems 

and in the SDQ Total Difficulty Score (α<0.05). The difference remained significant 

for the SDQ scale Peer Problems and the SDQ total difficulties score after the 

Bonferroni correction (α=0.01). 

 

Figures 4.4 and 4.5 show the bar chart for the mean scores for SDQ subscales and 

indexes from parent/guardian reports and teacher reports respectively. Taller bars 

are indicative of higher difficulties except for the subscale prosocial behaviour 

where a taller bar corresponds with better prosocial behaviour in the child. 

Although all the bars for children with Spina Bifida are consistently taller than the 

ones for children without Spina Bifida, statistically significant differences in the 

mean scores were found for subscale peer problems and Total Difficulties Score 

from teacher rating only (after the Bonferroni correction (α=0.01).  
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Figure 4.4: SDQ subscale ratings within sample of 19 children with Spina Bifida and 8 
children without Spina Bifida (parent/guardian rating). 
 

 
 
Figure 4.5: SDQ subscale ratings within sample of 13 children with Spina Bifida and 6 
children without Spina Bifida (teacher rating) 
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Table 4.12 presents the results from the SDQ subscales and total difficulties mean 

score between two groups of children with Spina Bifida differentiated by the 

presence or absence of epilepsy. 
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Table 4.12: Mean SDQ scores for children with Spina Bifida differentiated by epilepsy (parent/guardian and teacher rating)  

Subscale/index/composite measure  Parent rating Spina Bifida (n=19) Teacher rating Spina Bifida (n=13) 

With epilepsy 
(n=4) 
T-score Mean (SD) 

Without epilepsy 
(n=15) 
T-score Mean (SD) 

With epilepsy 
(n=4) 
T-score Mean (SD) 

Without epilepsy 
(n=9) 
T-score Mean (SD) 

Emotional symptoms 3.75 (3.5) 4.20 (2.73) 2.25 (4.5) 3.11 (3.14) 
Conduct problems  1.5 (2.38) 2.33 (2.32) 2.25 (1.70) 1.0 (1.5) 
Hyperactivity/ inattention 5.00 (2.16) 5.47 (1.88) 6.25 (3.78) 5.33 (2.78) 
Peer problems 3.00 (2.45) 1.73 (2.09) 2.25 (0.96) 3.33 (1.58) 
Prosocial behaviour  6.50 (1.29) 8.67 (1.5) 7.50 (2.08) 7.22 (2.99) 

Total difficulties 13.25 (8.1) 13.73 (6.3) 13.00 (8.21) 12.78 (6.02) 

Footnote: higher scores mean greater difficulties, except for prosocial behaviour where a higher score means fewer difficulties. 
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Children with Spina Bifida who had epilepsy performed better in all SDQ subscales 

than the children with Spina Bifida who did not have epilepsy, except for Peer 

problems in parent/guardian rating and Hyperactivity/inattention in teacher 

rating.   The test for presence of any significant differences was not possible due 

to low sample size of children with Spina Bifida who also had epilepsy.  

 

Table 4.13 shows the proportion of children with Spina Bifida and children without 

Spina Bifida having a very high scores (which may be indicative of having a risk of 

having potential behavioural problems) on SDQ subscales and total difficulties 

score, according to the scale given in the SDQ guidelines based on a community 

sample in UK (EHCAP 2014). Very high scores are cut-off points such that 10% 

children scored very high in the sample. Potential range of scores for 

parent/guardian and teacher report are given in Chapter 3 (Section 3.3.2.5).   
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Table 4.13: Proportion of very high scores on SDQ subscales and total difficulties from parent/guardian and teacher SDQ ratings 

Subscale/composite measure Spina Bifida (parent 
rating) 
(N=19) 
n (%) 

Without Spina Bifida 
(parent rating) 
(N=8) 
n (%) 

P value Spina Bifida 
(teacher rating) 
(N=13) 
n (%) 

Without Spina Bifida 
(teacher rating) 
(N=6) 
n (%) 

P value 

Emotional symptoms 
  

6 (31.6) 
 

3 (37.5) 0.99 
 

4 (30.8) 0 (0) 0.255 

Conduct problems  
 

3 (15.8) 1 (12.5) 0.99 
 

2 (15.4) 0 (0) 0.99 

Hyperactivity/ inattention 
 

4 (21.1) 1 (12.5) 0.99 3 (23.1) 0 (0) 0.517 

Peer problems 
 

5 (26.3) 1 (12.5) 0.633 3 (23.1) 0 (0) 0.517 

Prosocial behaviour  
 

18 (94.7) 8 (100) 0.508 11 (84.6) 5 (83.3) 0.943 

Total difficulties 3 (15.8) 1 (12.5) 0.99 3 (23.1) 0 (0) 0.517 
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As Table 4.13 shows, there were no significant differences from either 

parent/guardian or teacher ratings between the proportion of children with 

and without Spina Bifida at risk of having potential behavioural problems on 

any SDQ subscales.  

 

4.4.2.2 Linear Regression: parent/guardian rating and teacher rating of SDQ 
Total Difficulties score   

Table 4.14 describes the crude and adjusted analyses of the mean difference 

of SDQ Total Difficulties scores comparing children with Spina Bifida and 

children without Spina Bifida from their parent/guardian’s and teacher’s 

ratings (linear regression). The details on assumptions and output are 

presented in Appendices 42 and 43. The R2 indicates the percentage of the 

variance explained by the model, being a quality of adjustment measure. It is 

possible to see that the proportion of variance of outcome explained by 

independent variable in all teacher models was higher compared to parents. 

The R2 for parent/guardian’s rating explained from 4.9% (crude model) to 

16.1% (adjusted by maternal age model) of the variance of the outcome, while 

for teachers the percentage explained ranged from 50.2% (crude model) to 

60.4% (adjusted by maternal age model). Adjusting for the covariates did not 

decrease the estimates for either parents or teachers. Since all results in Table 

4.15 refer to the same outcome SDQ Total Difficulties score, having a similar 

scale, the unstandardized beta coefficients are displayed. They represent on 

average how big, or small, the SDQ Total Difficulties scores are for children 

with Spina Bifida compared to children without Spina Bifida. According to 

parental assessments, there was no difference in the mean SDQ Total 
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Difficulties scores between the two groups of children (all p values > 0.05). 

When teacher’s assessments were considered, all models showed statistically 

significant differences between two groups of children. The crude analysis 

showed that scores were 10.56 points (95%CI; 6.63; 14.49) higher for children 

with Spina Bifida compared to children without Spina Bifida. After adjustment 

for child’s age and area of deprivation, the scores slightly reduced to 10.44 

and 10.39, respectively. The highest difference was perceived for the model 

adjusted by maternal age, where scores were, on average, 11.45 points higher 

for children with Spina Bifida compared to those without Spina Bifida.  
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Table 4.14: Crude and adjusted linear regression models for parent’s and teacher’s assessments (SDQ Total Difficulties) 

Covariate R2 Unstandardised Coefficient B 95% CI for B P value 

Crude 
Parent/guardian rating 
Teacher rating 

 
0.049 
0.502 

 
3.13 

10.56 

 
-2.53 to 8.79 
6.63 to 14.49 

 
0.265 
< 0.001* 

Model 1: Adjusted for Child’s age 
Parent/guardian rating 

 
0.071 

 
3.15 

 
-2.43 to 8.72 

 
0.255 

Teacher rating 0.505 10.44 5.91 to 14.97 < 0.001* 

Model 2: Adjusted for Area of 
Deprivation   
Parent/guardian rating 

 
 
0.151 

 
 

2.69 

 
 
-2.48 to 7.86 

 
 
0.294 

Teacher rating 0.512 10.39 6.11 to 14.67 < 0.001* 

Model 3: Adjusted for Maternal 
Education 
Parent/guardian rating 

 
 
0.117 

 
 

3.17 

 
 
-3.22 to 9.56 

 
 
0.314 

Teacher rating 0.505 10.56 4.99 to 16.13 0.001* 

Model 4: Adjusted for Maternal Age 
 Parent/guardian rating 

 
 
0.161 

 
 

4.24 

 
 
-1.38 to 9.86 

 
0.133 

 Teacher rating 0.604 11.45 7.48 to 15.43 < 0.001* 
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4.4.2.3 Logistic Regression: parent/guardian rating and teacher rating of SDQ Total 
Difficulties score   

Table 4.15 describes the crude and adjusted analyses of logistic regressions to determine 

the odds ratio between children with and without Spina Bifida for the binary SDQ Total 

Difficulties score (details given in Appendix 44). Only parental assessments were 

analysed, since zero cell estimates were identified for teacher’s assessments. 

 

Although the odds ratios were greater than 1 for greater likelihood of having the outcome 

of clinically elevated score in all models, no statistically significant difference was found 

for children with Spina Bifida and children without Spina Bifida for the binary SDQ Total 

Difficulties score. The odds ratio ranged from 1.16 when adjusted only for the child’s area 

of deprivation to 1.69 when adjusted for mother’s age at birth of child. These results show 

that the odds of having higher SDQ scores were 16% and 69% higher for children with 

Spina Bifida compared to children without Spina Bifida. However, no statistically 

significant associations were found (all p values > 0.05). 
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Table 4.15: Crude and adjusted logistic regression models   estimates for parent/guardian’s 
rating (SDQ Total Difficulties score) 

Independent variable 
in  
the model 

Odds 
ratio 
(OR) 

CI for OR P value 

Unadjusted 1.31  0.11 – 15.63 0.830 

Model 1 
Age of child 

 
1.40 

 
0.14 – 13.72 

 
0.770 

Model 2 
Child’s area of 
deprivation  

 
1.16 

 
0.10 – 14.20 

 
0.906 

Model 3 
Mother’s Education  

 
1.46 

 
0.11 – 19.19 

 
0.773 

Model 4 
Mother’s age at birth 
of child  

 
1.69 

 
0.13 – 21.81 

 
0.689 

 
 

It is important to distinguish between the interpretation of coefficients from the linear 

and logistic models. The linear regression models show how high the scores were, on 

average, for children with Spina Bifida compared to healthy children (additive effect). In 

contrast, logistic regression models show how many times, on average, the odds of higher 

scores are seen among children with Spina Bifida compared to healthy children 

(multiplicative effect) (Kirkwood and Sterne 2010).  
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4.4.2.3 Comparison of SDQ Total Difficulties Scores mean of the study sample with the 
UK normative mean 
 
This section shows the result for the mean values for the study population compared with 

the mean normative SDQ total difficulties score available for UK children.  As the majority 

of study participants were girls aged between 5 and 10 years, the SDQ score means for 

this subgroup of the sample were compared. No formal statistical test was performed 

due to the reduced sample size of our study, which would compromise and bias the 

results. Also, the heteroscedasticity of residuals from the study sample would reject the 

assumption of a symmetrical distribution.  

 

Table 4.16: SDQ total difficulties scores of children from the parent/guardian report and teacher 
ratings compared with the normative mean for UK children 

 Sample population mean Normative sample 

 N Mean 95%CI N Mean 95%CI 

Girls aged 5-10  

(parent/guardian 
report) 

 

16 

 

12.6 

 

9.1; 16.1 

 

2954 

 

7.9 

 

7.7; 
8.1 

Girls aged 5-10  

(teacher report) 

 

14  

 

10.1 

 

5.6; 14.6 

 

2433 

 

5.6 

 

5.4; 
5.8 

 
 

 

Comparing means and 95% confidence intervals (Table 4.16), it is possible to see that 

parental scores differed between the samples since the mean of a sample of girls aged 5 

to 10 years did not lie within the confidence interval of the other sample. The mean SDQ 

total difficulties scores from both parent and teacher rating are almost double than for 

normative sample.  Hence, it is possible to infer that the mean score of the study sample 
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was higher compared to the normative mean for UK children considering the parental 

report. In turn, it is not possible to state that scores after teachers’ report are different, 

since the mean of the normative sample lies within the 95% confidence interval of the 

study sample. 

 

4.4.3 Educational outcomes  

This section presents the educational outcomes in children with Spina Bifida and children 

without Spina Bifida from the TAAS reports. TAAS is completed by the teacher, who rates 

each child relative to the average level of performance expected of his/her class. 

 

Table 4.17: Academic Attainment as reported by teachers using TAAS 

Category 
 

Spina 
Bifida 
n (%) 

Without Spina 
Bifida 
n (%) 

P value 

English/Literacy (N=13) 
Below Average 
Average and above 

 
9 (69.23) 
4 (30.77) 

 
0 (0) 
6 (100) 

 
0.011* 

Mathematics (N=13) 
Below Average 
Average and above 

 
9 (69.23) 
4 (30.77) 

 
0 (0) 
6 (100) 

 
0.011* 

Art and Design (N=13) 
Below Average 
Average and above 

 
4 (30.77) 
9 (69.23) 

 
0 (0) 
6 (100) 

 
0.255 

Geography (N=10) 
Below Average 
Average and above 

 
5 (50) 
5 (50) 

 
0 (0) 
6 (100) 

 
0.093 

History (N=11) 
Below Average 
Average and above 

 
6 (54.55) 
5 (45.45) 

 
0 (0) 
6 (100) 

 
0.043* 

I.T. (N=12) 
Below Average 
Average and above 

 
3 (25) 
9 (75) 

 
0 (0) 
6 (100) 

 
0.515 

Science (N=10) 
Below Average 
Average and above  

 
5 (50) 
5 (50) 

 
0 (0) 
6 (100) 

 
0.093 

Design and Technology 
(N=11) 

 
5 (45.45) 

 
0 (0) 

 
0.102 
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Below Average 
Average and above  

6 (54.55) 6 (100) 

 

 

Most children with Spina Bifida performed as well as the average level of performance 

expected of his/her class in I.T. Art and Design, and Design and Technology. Half of the 

children scored as having either average or above average performance expected of 

his/her class in Geography and Science. However, children with Spina Bifida were below 

average in English, Mathematics and History compared to children without Spina Bifida. 

Fisher’s exact test also showed differences between the two groups in these subjects 

(Table 4.20). 

 

4.5 Key Findings 

The key findings from the study were as follows. 

• There was no significant difference between the two groups on socio-demographic 

characteristics included in the study. 

• For both parental and teacher’s ratings the BRIEF2 GEC T-scores were higher for children 

with spina bifida compared to their peers. 

• Parents/guardians have rated higher mean BRIEF2 GEC T-scores for emotional regulation 

than teachers when compared with normative scores.  

• Both parent/guardian rating and teacher rating showed significantly higher mean T-

scores than the normative scores for scales; Shift, Initiate, Working memory, Task 

monitor, and indexes CRI and the GEC. 
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• The teacher rating in the cognitive domain of child development rated higher mean 

scores among children with Spina Bifida relative to the children without Spina Bifida in 

relation to the scales Shift, Initiate, Working Memory, Plan/Organize and Task Monitor, 

the BRIEF2 indexes Emotion Regulation and Cognitive Regulation Indexes, and the Global 

Executive Composite. 

• Both parent/guardian ratings and teacher ratings of cognitive outcomes has shown higher 

problems in working memory among children with Spina Bifida compared to children 

without Spina Bifida and the difference was statistically significant for both 

parent/guardian ratings and teacher ratings. This may suggest difficulty in this area of 

cognitive ability. 

• Although a significant difference was found between the mean scores of children with 

and without Spina Bifida for some scales and CRI and GEC of BRIEF2 there was no 

significant difference in the proportion of children with clinically elevated T-scores (T≥70) 

on BRIEF2   scale, indexes and the GEC, except for BRIEF2 working memory based on 

teacher ratings.  

• According to parental ratings, the total differences score was similar between children 

with and without spina bifida. In contrast, teacher’s ratings differed between the two 

groups of children, being higher for children with spina bifida.  

• The teacher rating for the behavioural outcome indicates that children with Spina Bifida 

experienced difficulties in relation to SDQ scales; conduct, peer problems and SDQ Total 

Difficulties compared to the children without Spina Bifida. 

• There was no significant difference in the proportion of children with very high scores on 

SDQ subscales and Total Difficulties on either the parent/guardian or teacher ratings. 
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• Although the children with Spina Bifida were below average in English, Mathematics and 

History, they were rated as performing as well as the class average in I.T. Art and Design, 

and Design and Technology. Half of children with Spina Bifida performed equally well or 

better than expected average level of performance in his/her class in Geography and 

Science. 

• The results from linear regression showed that children with Spina Bifida have higher 

mean points for BRIEF2 GEC for both parental and teacher’s ratings, even after adjusting 

for child’s age and maternal age.  

• Regarding logistic regression, there was no differences on the odds for BRIEF2 GEC or SDQ 

scores comparing children with and without spina bifida, neither for parental nor 

teacher’s ratings.  However, findings from the logistic regressions used in this study 

should be interpreted with more caution. By analysing the outcomes using a dichotomous 

operationalization there is loss of information, and cells with very low absolute 

frequencies are generated. Due to the reduced number of individuals in each cell, the 

odds ratios are overestimated, and the confidence intervals are very wide, showing no 

association between the cases/controls and the outcomes.  

• For SDQ scores, mean scores were also higher for children with spina bifida, but only for 

teacher’s ratings. 
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Chapter 5: Involvement of stakeholders in studies focused on 
developmental outcomes in children with Spina Bifida 

 

 

5.1 Participating stakeholders of children with Spina Bifida 
 

Given the uncertainty about the best treatment approach for children with Spina Bifida, it has 

been suggested that participation of stakeholders might resolve some of the issues that arise 

when health caregivers make decisions about their patient’s life (Kirpalani et al. 2000; Warf 

and Campbell 2008). Participation means more than just being involved. It involves a 

multidisciplinary approach where each party (a) is actively and meaningfuly engaged; (b) 

chooses and decides; (d) holds personal and societal responsibilities; (e) has an impact and 

supports others; and (f) has equal inclusion and social connection (Borell et al. 2006; Hammel 

et al. 2008; Hemmingsson and Jonsson 2005). The concept of participation and actively 

involving people in research design and treatment has been raised as critical for decades 

(Knox et al. 2000). The multidisciplinary approach has been used in several studies where 

persons with spine related disabilities or rare diseases have collaborated in advancing the 

community practices as well as research, policy agendas and played a key role in the creation 

of new therapies (Jurkowski 2008; Holmlund et al. 2018; Mälstam et al. 2018; Newman 2010; 

Povee et al. 2014; St. John et al. 2018).  

 

In the first part of this study- of the 70 parents/guardians of children with Spina Bifida invited 

to participate in the study, 20 responded, of whom 19 completed booklets, giving a response 

rate of 27.14%. Of the 20 school Principals who the study team had parental permission to 

contact, 14 responded, giving a response rate of 70%. Of the 14 parents/guardians of children 
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without Spina Bifida who were invited to participate in the study through the school 

Principals, eight completed the booklets, giving a response rate of 57.14%. Teachers 

completed the booklets for 13 children with Spina Bifida (13/14; 92.9% response rate) and 6 

children without Spina Bifida (6/8; 75% response rate). Overall, the response rate was very 

low for parents/guardians of children with Spina Bifida compared to the others invited to 

participate. It is understandable that this first step of low participation from 

parents/guardians affected the sample size for not only the children with Spina Bifida but also 

for children without Spina Bifida.  

 

To understand how to enhance feasibility of subsequent studies in future involving 

stakeholders for assessment of the developmental outcomes of children with Spina Bifida, 

with increased response rates, two methods were used: a systematic search of studies that 

assessed developmental outcomes in children with Spina Bifida involving one or more 

stakeholders as assessors of children for narrative review on their methodology, and a group 

discussion with stakeholders. The aim was identifying the most effective recruitment 

strategies for this population. This chapter describes the process and findings, firstly by 

describing the meaning and value of stakeholder research driving these studies. 

 

5.1.1 Stakeholder identification 

Stakeholder, when employed in a research context, the term refers to those who can, not 

only benefit or interfere, but also share expert knowledge on the topic or procedure under 

study (Deverka et al. 2012). In Collins (2017) study, it was found that stakeholders in the 

development of children with Spina Bifida and their families, in Ireland, were: young adults 
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with Spina Bifida; children with Spina Bifida; parents/caregivers; siblings; and paediatric, 

healthcare and community providers.  

 

Bannink et al.’s (2016) study, on Uganda’s primary school inclusiveness, illustrates the 

importance of starting the process by clearly identifying stakeholders. They recruited parents 

of children with Spina Bifida by checking the number of children registered in Uganda’s 

rehabilitation centres. They found that only 65% of the children with Spina Bifida   registered 

there from central Uganda, were being schooled. Secondly, children’s odds of being at school 

decreased as the family’s income decreased and the degree of the child’s disability increased. 

Thirdly, schools’ limited physical accessibility and material resources was one of the reasons 

behind this non-inclusivity of children with Spina Bifida with poorer psychomotor skills in 

primary education. In sum, using databases other than schools seems critical for achieving a 

representative sample of the population of children with Spina Bifida, and of the stakeholders 

in their development. This can guide the future researchers on children with Spina Bifida in 

Northern Ireland to explore further about the characteristics of this population registered 

with Shine.     

 

5.1.2 Stakeholder engagement 

Stakeholder engagement refers to the recruitment of representatives of pre-selected 

stakeholder categories, in a “systematic, logical and practical” (Jeffery 2009, p.8) way. As a 

process, stakeholder engagement can thus be regarded as a stratified sampling process, 

involving the recruitment of individuals from pre-specified partitions of the population. Their 

opinions and experiences are to be consulted through the use of single or multiple mixed or 

qualitative research methods, such as focus groups or face-to-face interviewing (e.g., Collins 
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2017). The aim is forming an in-depth, comprehensive, mutually constructed, and shared 

understanding about the investigated topic, and thereby support decision-making and 

effectiveness in planning (Bryson 2004; Concannon et al. 2012; Jacobs 2016). Then, 

stakeholders are engaged when contributing, alongside researchers, “towards a knowledge 

democracy in which all stakeholders work together to discover, learn and understand” (Jacobs 

2016, p.51).   

 

Gall et al. (2006) supports the developing of a healthy dynamic relationship between health 

care providers, parents, teachers, and children, in which the roles of the various stakeholders 

change over time as the child grows and develops. The continuous care is therefore 

transitioned from the health care provider to the parents, and in turn to the individual as 

developmentally appropriate. Health care systems and organizations already started to 

actively involve patients and parents. The patients are the experts who are directly involved 

in the design, implementation and evaluation of programs and it is crucial to engage them as 

partners/co-producers in the development of understandable information for other patients 

and their parents and caretakers. When patients and other stakeholders are involved in 

developing information and relevant materials, the relevance, readability, and 

understandability of these increases (Nilsen et al. 2006). 

 

Barriers to stakeholders’ engagement 

Potential engagement can be adversely influenced by psychological distress, hectic schedules, 

lack of involvement in care, social and financial constraints as well as a lack of experience and 

negative perceptions (Hoberman et al. 2013; Ong et al. 2011; Siden et al. 2010; Smith et 
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al. 2015). Collins (2017) conducted needs assessment in Ireland to understand the views of 

multiple stakeholders within the Spina Bifida community regarding recovery and 

management of Spina Bifida and outcomes for children with Spina Bifida, their parents, 

families and care providers. Collins (2017) utilised a multi-method design with participatory 

research approach for exploring the needs of Spina Bifida individuals, families and providers. 

The researcher utilised online surveys, in-depth interviews and focus groups. A total of 150 

respondents were included in the qualitative need assessment. Research identified a range 

of issues associated with clinical, vocational, educational and psychological factors 

contributing to ongoing problems for children with Spina Bifida and their families. 

Participants reported absence of comprehensive, coordinated and constant care and 

seamless delivery of healthcare services. Consensus across stakeholders established the need 

for an innovative, community-based model of service provision. Collins (2017) also found a 

lack of emphasis on emotional and social development of children with Spina Bifida and 

suggested the need for a social disability model that informs wellbeing and health of Spina 

Bifida individuals and their families. 

 

The barriers and challenges have also been identified around age of children and lack of clear 

strategies to engaging child specific stakeholders to understand their priorities for research 

(Odgers et al. 2018). Odgers and colleagues (2018) had conducted a systematic review of 

studies published since 1990, that had put forward stakeholders’ priorities for research in 

individuals with chronic disease aged under 18. The study identified 83 studies of which 

majority of the studies had included researchers (60%) and clinicians (46%). The engagement 

patient and family engagement were rare where only about near a quarter of studies 
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reviewed had reported parental and caregiver involvement. The priority topic areas included 

treatment of individuals (78%), trajectory of disease (48%) and psychosocial impact and 

quality of life (48%). Yet, the needs for research may be overlooked in case there is only 

researcher driven studies with very limited input from stakeholders, most importantly 

children’s family (Odgers et al. 2018), However, the interest of researchers in involvement 

has risen globally in the recent years and emphasis has been given to develop systems and 

processes to involve patients and the public in research (Odgers et al. 2018).    

 

The choice of means of communication can also improve participants interest and ability to 

open on their experience and priorities (Heath et al. 2018).    The popularity of social media 

sites has risen drastically in the years since the improved accessibility of internet and 

popularity of platforms such as Facebook and Twitter in the recent times. This also got the 

individuals and families affected by chronic illness or conditions turning to social media 

seeking support, and engagement to outline their priorities. In a more recent study by Sinclair 

and colleagues (2019), the use of the same popular platforms aided in the identification of 

research priorities of parents of children aged between 1 and 11 years with various birth 

defects including Spina Bifida. These parents were identified from data linkage primarily using 

EUROCAT register and these parents who completed the survey were residents from 17 

different countries, of which 11 are in Europe; Bulgaria, Croatia, Germany, Ireland, Lithuania, 

Netherlands, Poland, Portugal, Spain, Turkey, the United Kingdom, 2 in Asia; India and the 

United Arab Emirates, 2 in South America; Panama and Peru; 1 in North America; the United 

States, and 1 in Africa; South Africa. Of the 2,251 parents accessing the survey, 248 had 

consented to participate and of them 80 completed the survey response rate 32.3%).  
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Although the same size was low in this survey, there are certain things to be clearly noted. 

Majority of the participants were mothers of children (94%), similar to the experience with 

the first part of this current study where all participants were mothers. Majority of the survey 

respondents (77%) had a university degree which suggests those with higher level of 

education have mostly taken part (Sinclair et al. 2019). In the case of this current study, the 

majority of the parents with Spina Bifida who had taken part had only completed school (13 

out of 19 = 68.4%), whereas the majority of parents of children without Spina Bifida had a 

university degree (5 out of 8 = 62.5%).The major finding of the survey by Sinclair and 

colleagues (2019) was that the psychosocial impact on child and family and maximising child’s 

educational attainment was highly important across all groups of parents (above 88% in each 

group, above 92% in case of the group with Spina Bifida, N=39).  

 

Although all 80 participants had access to one of the available social medias, there were 

participants who preferred face-to-face discussion to have personal and confidential 

conversations. The study is limited with small sample as well as it had only included those 

participants who were able to understand English and be users of social media for 

communication. Additionally, most participants (77%) were having at least one university 

degree (Sinclair et al. 2019), the two groups are not balanced by the level of education which 

can have the reflection skewed. All these factors affect the representativeness of the 

population for reflection.  
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5.2 Systematic literature review 

Given the low participation achieved in this study, it was considered as necessary to first order 

understand what the experience with recruitment had been in other studies that were 

focused on assessment of developmental outcomes of children.   The understanding of which 

would be helpful to suggest ways to increase response rates in subsequent studies. For this a 

narrative literature review using a systematic search of studies using suitable electronic 

databases was conducted. The process is summarized in the following sections.  

 

5.2.1 Keyword-based search process 

Three electronic databases were consulted. These were: (i) PsycINFO; (ii) Embase and (iii) and 

Ovid MEDLINE. Combinations of five sets of keywords were used. The first set included terms 

descriptive of the relationship between the child and the adult (parent; guardian; mother; 

father; educator; teacher; and caregivers). Each one of these terms was then combined with 

terms descriptive of their involvement in the research process (communication; engagement; 

and participation). The third group of terms was descriptive of the process (study; and 

research). The final two sets of terms were referent to the conditions of the child under study. 

These were Spina Bifida, and development. Advanced search techniques including truncation 

(*), phrase searching (“), Boolean operators ‘OR’ and ‘AND’, and proximity searching were 

used for the combination of these five sets of terms. See Appendix 45 for additional search 

process specifications and detailed listing of utilized keywords.   
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5.2.2 Step-by-step inclusion and exclusion criteria 
Overall, papers were included for review when: published after 2010 to include only the 

recent published ones for narrative synthesis; written in English; involving children with five 

to 11 years-old with the diagnosis of Spina Bifida; and including at least one of major 

stakeholders in children’s developmental outcomes, namely parents and/or educators and/or 

caregivers. 

 

A total of 22,716 articles was found through the keyword-based search process detailed 

above. The first exclusion criterion was removing publication duplicates using Refworks. 

There were 12,907 papers retained after duplicates were removed. Thereafter, their titles 

and abstracts were reviewed. The application of exclusion criteria led to a total of 1,649 

relevant papers retained and 11,258 articles removed.  

 

Only empirical studies, such as case control, cohort and cross-sectional studies, were only 

retained from these 1,649 articles. This yielded retaining and removal of 232 and 1,417 

articles respectively. Upon review of full text of these 232 articles, 196 of them were removed 

for not reporting about findings concerning one or more children with Spina Bifida between 

the ages of five and 11 years. Finally, 36 articles were fully reviewed. The PRISMA diagram on 

selection of articles is given in Figure 5.1 below. 
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Figure 5.1: PRISMA flow diagram of the systematic search for studies on development of children 
with Spina Bifida that had involved stakeholders for data collection   
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5.2.3 Stakeholder participation rates 
 
Studies on developmental outcomes in children with Spina Bifida had varied sample sizes with 

diverse participation rates of stakeholders, ranging between 22% and 100%. Cross sectional 

studies evidenced moderate to high participation rates (43% to 100%) in mixed sample of 

children and adolescents (Table 5.1). In case controls studies, the lowest participation rate 

was found at 22% for parents in case group and 23% for parents in control group (Barnes et 

al. 2014). In case of longitudinal studies, Stiles-Shield et al. (2018) reported varying 

participation rates for the Spina Bifida group and the control group at first time (T1), second 

time (T2), and third time (T3) respectively: 98% and 96%; 84% and 80%; 60% and 51% 

respectively, showing attrition in participation in both groups as time goes on. The 

participation was higher in the Spina Bifida group than the control group at each time interval. 

The study used a home-based observation by professionals, and gifts and money were 

provided as incentives (Stiles-Shield et al. 2018).  On the other hand, the studies that were 

completed using hospital lists for recruitment had higher that 98% participation rates even 

without the use of incentives (Barnes et al. 2014; Barnes et al. 2011; Bartonek et al. 2020; 

Vinck et al. 2010). 

  

While there are multiple stakeholders who are important in the understanding of 

developmental outcomes of children with Spina Bifida, the narrative synthesis of information 

from 36 studies indicated that parents are the primary participants, regardless of the setting 

where the study is completed (i. e. the hospital, home, and school).There were times that 

parental participation was less than that of other stakeholders, such as in Bannink et al. 

(2016); only 45% of parents participated, whereas 73% of teachers participated.  Bannink et 
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al.’s (2016) study recruited participants via rehabilitation centers for children with Spina 

Bifida.  

 

Further evaluation of stakeholders´ participation patterns can also be assessed by looking at 

the participation rates of parents of children have Spina Bifida in comparison to parents of 

children without Spina Bifida.  There were seven case control studies in the review, and the 

participation rates observed for case and control group were (22% and 23%) (Holbein et al. 

2017b), (28% and 100%) (Barnes et al. 2014; Barnes et al. 2011), (52% and 100%) (Vinck et al. 

2010) and 100% (Bartonek et al. 2020; Burro et al. 2-18 and Castro and Pinto 2015). There 

were 100 participations from control group wherever there was 100% participation from case 

group. However, there was still 100% participation received in control group when there was 

participation received as low as 22% and 28% in case group. For which the number of 

participants involved should also be considered. For instance, although Vinck et al. 2010 and 

Barnes et al. 2014 had received 100% participation in control group, but they had very low 

number of participants in their control group (N=30 and 35 respectively) compared to the 

group with Spina Bifida (N=78 at 52% and 104 at 28% respectively). The major difference in 

the study receiving the lowest participation from case and control group (at 22% and 23% 

respectively) was that it had used standardised assessments mailed to the families and had 

also included monetary incentives to compensate for time (Holbein et al. 2017b). All other six 

studies had involved professional from pathway of care without any incentive provided to the 

study participants.    
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Teachers are other key stakeholders involved in the development of children with Spina 

Bifida.  There were only 7 studies out of 36 studies reviewed that had involved teachers. The 

varying rates of participation was observed.  Data from teachers was reported by Bannink et 

al. (2016) with 73% participation with no incentives offered.  Furthermore, Castro and Pinto 

(2015) reported 100% participation in their case-control study on children aged 3-6 years 

(N=22 in both groups) assessed by teachers recruited from the classroom with no incentives 

offered. Meanwhile, only 71% of teachers responded to a series of mail-in questionnaires as 

reported by Holbein et al. (2015) which had provided gifts and monetary incentives. The 

lowest participation rate observed by teachers was reported in a longitudinal study by Lennon 

et al. (2015) at 56% for T1 (and 79% of participants in T1 for T2), and in a cross-sectional study 

by O´Hara and Holmbeck (2013) at only 56% even with gifts and money used as incentives in 

both these studies.  This further assert that incentives are not always an effective means for 

improving participation rates when the participation rate is seen higher in studies offering no 

incentives.   

 

In looking at participation rates, one can also look at the studies that utilized technology.  

Ammar et al. (2020) used a telephone interview to obtain data on children with Spina Bifida 

for their cross-sectional study, but they received only 54.35% participation rate.  Although the 

authors have discussed that there was insufficient consideration given on follow-up calls if 

the participants missed the first interview attempt.  Meanwhile, Holbein et al. (2017) used a 

variety of collection methods, including videotaped family and peer interaction; nonetheless, 

their participation rate was   57% at T1 and then 80% of T1 at T2.  Similarly, Tuminello et al. 

(2012) used video recording as one of their collection methods but had only a 55% 
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participation rate at T1 with T2 having 92% of the initial participants respond.  While limited 

to only three studies that either partially or entirely relied on data collection via technology 

usage, this does not appear to be a motivation for participation/ increasing participation 

rates.  

 

Interestingly, participation patterns were also noted when the study method in these 36 

studies used multiple methods to acquire data.  It appears that the participation rate was 

lower in studies that used multiple survey methods.  For example, Holbein et al. (2015) 

utilized questionnaires during home visits, videotaped interactions with participants, 

standardized assessments, and teacher questionnaires returned by mail, but had an initial 

71% response rate with incentives offered.  Two years later, Holbein et al. (2017a) published 

a new longitudinal study with same methodology (as in Holbein et al. 2015) including 246 

participants in each case and control group, with incentives offered, but still had only a 57% 

at T1 and 80% at T2 (of participants at T1) response rate.  Equally noted, Holbein et al. (2017b) 

in the same year released another case control study with 310 participants in each group, but 

even with money used as an incentive they received only a 22% response rate in the case and 

a 23% response rate in the control group.  Low participation rates were also reported by 

Lennon et al. (2015), O´Hara and Holmbeck (2013), and Tuminello et al. (2012).    

 

Incentives on the other hand may provide some motivation to encourage participants when 

other motivators are missing as noted by Essner et al. (2014).  However, parental participation 

did not seem to be significantly impacted when incentives were used, like in the case of study 

by O’Hara and Holmbeck (2013) who received a moderate participation rate of 56% despite 

having monetary incentives for participants. Participation rates observed (22% for parents of 
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children with Spina Bifida and 23% for parents of control children) were even lower in a study 

by Holbein and colleagues (2017) who had offered monetary incentives. This indicates that 

even when incentives are presented, it may or may not be effective based on the recipient.    

 

Participation by study location 

The location where the studies were conducted is also worthy of consideration when looking 

at the participation rates.  Table 5.1 has been created below to illustrate observations based 

on the different geographic areas utilized in these 43 studies; full information for each study 

is available in Table 5.1.   
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Table 5.1 Participation achieved by study location 

Continent Participation Rates 

Asia 93% (Simsek et al. 2013) 
 
100% (Miller 2017) 
 
100% (Yun and Kim 2017) 
 
54.35% (Ammar et al. 2020) 
 

Europe 100% (Holck et al. 2010) 
 
88% (Bakanienė and Prasauskienė, 2018) 
 
52% Spina Bifida; 100% control (Vinck et al. 2010) 
 
100% (Castro and Pinto 2015) 
 
100% (De la Torre et al. 2016) 
 
100% (Burro et al. 2014) 
 
100% with Spina Bifida; 100% without Spina Bifida 
(Bartonek et al. 2020) 
 

Africa 45% parents; 73% teachers (Bannink  et al. 2016) 

North America 100% (Kelly et al. 2012) 
 
100% (Kronenberger et al. 2016) 
 
71% (Holbein et al. 2015) 
 
63% (Dennis et al. 2015) 
 
62% (Landry et al. 2013) 
 
56% (O´Hara & Holmbeck 2013) 
  
43% (Essner et al. 2014) 
 
28% (Barnes et al. 2014) 
 
28% with Spina Bifida; 100% without Spina Bifida 
(Barnes et al. 2011) 
 
22% case; 23% control (Holbein et al. 2017b) 
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56% (Danzer et al. 2010) 
 
100% at T1 (Murray et al. 2014) 
 
100% at T1 (Murray et al. 2016) 
 
99% at T1 (Holmbeck et. al. 2010) 
 
98% at T1 (Stiles-Shield et al. 2018) 
 
95% T1 (Wasserman et al. 2016) 
 
57% at T1 (Holbein et al. 2017a) 
 

56% (Lennon et al. 2015) 
 
55% at T1 (Tuminello et al. 2012) 
 
46% at T1 (Stern et al. 2018) 
 
45% at T1 (Psihogios et al. 2017) 
 
44% at T1 (Stern et al. 2020) 

South America 100% (Luz et al. 2017) 

  

Table 5.1 indicates that the 36 reviewed studies occurred on five different continents with 

one study being multi-continental.  While the number of studies surveyed at each continent 

varies, the data suggest that higher participation rates were found in Europe.  Equally noted, 

it appears that participation rates in Asia were relatively high other than Ammar et al. (2020) 

which only had a 54.35% participation rate, yet this could have been affected by wider age 

group of participants (6 months to 28 years).  In contrast, studies completed in North America 

varied in participation rates with no real trends noted regarding participation.   Given the lack 

of studies completed in Africa and South America, it is difficult to make any inferences about 

participation rates related to this geographic area.   

 

The summary of the literature reviewed is given in Table 5.2 below.  
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                   Table 5.2 A summary of stakeholder engagement as assessors in studies on development of children with Spina Bifida since 2010   
 

Referen

ce 

Country Stakeholders 

and 

recruitment 

method 

 Data 

collection 

Objective  Study 

type or 

duration 

 

Age range of 

child with SB 

Incentiv

e 

Y = Yes 

N = No 

Response 

Rate 

 

Ammar 

et al. 

2020 

 

 

Saudi 

Arabia 

 

Caregivers 

registered in 

MMC clinic at 

King Fahd 

Hospital 

University 

 

N=50, out of 92 

phoned 

 

 

Over the 

phone, 

structured 

survey 

 

To identify the 

impact of Spina 

Bifida on children’s 

educational 

opportunities, and 

the psychological, 

social and financial 

burden on the 

families. 

 

Cross-

sectional 

“Infants (<3 

years 

old), toddlers 

and pre-

schoolers (3–5 

years old), 

school aged 

(6–17 years 

old), and 

adults (>18 

years old).” 

 

N 54.4%) 

 

 

  

Bakanie

nė, and 

Prasaus

kienė, 

2018 

 

Lithuania 

 

Parents: letter 

of invitation  

 

 

N=112 

 

Standardiz

ed 

assessmen

ts of 

children/a

dolescents 

in person  

To assess the impact 

of clinical as well as 

environmental 

factors on Health-

Related Quality of 

Life (HRQOL) of 

children and 

adolescents with 

Spina Bifida. 

 

Cross-

sectional 

5- 17 years N 88% 

Bannink 

et al. 

2016 

 

Uganda 

 

Rehabilitation 

centres, 

N=139 

  

 

Data from 

views of 

parents 

and 

teachers 

To assess the 

inclusion and 

accessibility of 

children with Spina 

Bifida in primary 

schools  

Cross- 

sectional 

4-14 years N Parents: 

45% 

Teachers: 

73% 

Barnes 

et al. 

2014 

 

USA and 

Canada 

 

Hospital, 

MMC; 

N= 104 and 

Children 

without Spina 

Bifida; 

N=35 

 

Standardiz

ed 

assessmen

ts in 

person by 

profession

als for 3-4 

hours 

To test whether 

math-linked 

cognitive abilities 

such as phonological 

awareness, fine 

motor/finger skills, 

working memory 

measure during 

Case-

control  

 

3-9 years N Children 

with 

MMC: 

28% 

 

Children 

without 

Spina 
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  preschool years (36, 

as well as 60 months 

of age) mediate the 

differences between 

children with MMC 

and their typically 

developing peers for 

math achievement 

after years at 8.5 to 

9.5 years of age.  

  

Bifida: 

100% 

 

Barnes 

et al. 

2011  

USA and 

Canada 

Hospital, 

MMC; 

N= 104 and 

Children 

without Spina 

Bifida; 

N=35 

 

Standardis

ed 

assessmen

ts by 

profession

als    

 

 

To examine whether 

children with MMC 

matched up to 

typically developing 

peers with respect 

to early cognitive 

developments and 

their impact on later 

mathematics and 

reading. 

 

Case-

control 

study 

 

3-5 years N Children 

with 

MMC:28% 

 

Children 

without 

Spina 

Bifida: 

100% 

Bartone

k et al. 

2020 

 

Sweden 

 

Hospital, 

Spina Bifida; 

N=89 

Control;  

N=120 

 

Standardis

ed 

assessmen

ts in 

person by 

profession

als 

 

 

To examine spatial 

cognition, more so 

topographical 

memory, during the 

movement of the 

body in a 

navigational space. 

As this form of 

working memory 

permits retention of 

online environment 

information at the 

time of navigation, 

children with motor 

disabilities are 

expected to perform 

badly at such tasks 

as compared to 

typically developing 

peers.  

 

Case-

control  

 

9 to 10 years 

 

 

N Children 

with Spina 

Bifida:100

% 

Control: 

100% 
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Burro et 

al. 2018  

Italy Hospital, 

SBH; N=13, 

Control; N=13 

Standardis

ed 

assessmen

ts by 

profession

als for  

60-90 

minutes  

 

To analyse WISC-IV 

scores in 13 children 

and teens with 

MMC-HC (MMC and 

shunted 

hydrocephalus) to 

assess if a specific 

cognitive profile was 

formed and 

compare results of 

the study with 

previous research. It 

was hypothesized 

that children and 

tees with MMC 

would show 

weakness on all4 

indices, subtests and 

the FSIQ (full 

spectrum 

intelligence 

quotient) and the 

presence of 

hydrocephalus 

impacts IQ.  

 

 

Case-

control 

7–16 years N 100% 

Castro 

and 

Pinto 

2015 

Portugal School, 

Autism 

spectrum 

disorder; 

N=22, Mixed 

group with 

Spina Bifida 

and other 

disabilities; 

N=22, and  

Control 

children; 

N=22 

Independe

ntly 

completed 

standardis

ed 

questionn

aires by 

teachers 

To examine 

functioning patterns 

of children with 

disabilities as 

against typically 

developing peers, 

utilizing the ICF-CY 

based tool, the 

Matrix for 

Assessment of 

Activities and 

Participation and to 

study the factors 

predicting the 

functioning 

patterns.  

Case-

control  

 

3-6 years N 100% 
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Danzer 

et al. 

2010  

USA Hospital, 

MMC; N=54 

Data 

collected 

from 

hospitals 

records 

and doctor 

evaluation

s during 

multiple 

visits  

To investigate the 

preschool 

neurodevelopmenta

l outcomes of 

children following 

surgery for MMC.  

 

Cross-

sectional   

 

  

0-5 years N 56% 

 

De la 

Torre et 

al. 2016  

 

Spain Hospital, 

SBH; N=85 

Standardis

ed 

assessmen

ts in 

person   

To examine 

attentional lapses in 

children diagnosed 

with Spina Bifida 

Hydrocephalus 

(SBH) using SNB 

computerized tests 

and EF tests and 

consider the 

potential predictive 

value of attentional 

lapses in terms of 

poor executive skills 

in SPINA BIFIDAH 

performance.  

Cross-

sectional 

 

6-16 years N 100% 

Dennis 

et al. 

2015  

 

Canada Hospital, 

MMC; N=396 

Standardis

ed 

assessmen

ts in 

person  

To compare reaction 

time tasks in MMC 

and typically 

developing peers. 

The study also 

compared white 

matter and grey 

matter metrics 

between children 

with MMC and 

typically developing 

peers in key brain 

ROIs including three 

grey matter 

networks, corpus 

callosum, and 

cerebellum.  

Cross-

sectional 

 

8-48 years N 63% 
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Essner 

et al. 

2014  

 

USA Hospital, 

Recruited 

Spina Bifida; 

N=246 

Standardis

ed 

assessmen

ts in 

person  

To test the model of 

social competence 

in young individuals 

with Spina Bifida. 

Involvement in 

social activities 

mediates 

associations 

between Spina 

Bifida related 

condition 

parameters such as 

body mass index, 

pain and motor 

function, and social 

competence.  

Cross-

sectional 

 

8-15 years Y 

(money) 

43% 

Holbein 

et al. 

2017a  

 

USA Home visit, 

School by 

post 

Caregivers/pa

rents and 

youths with 

Spina Bifida; 

T1; N=246, 

T2; N=140 

 

Questionn

aires 

during two 

home 

visits, 

videotape

d family 

and peer 

interaction 

tasks and 

standardis

ed 

assessmen

ts in 

person.  

 

Teachers 

completed 

a battery 

of 

questionn

aires to 

return 

through 

mail  

To study the 

possible 

contribution of 

neuropsychological 

(attention and 

executive function), 

family (conflict and 

cohesion) and 

health (BMI, lesion 

levels, gross motor 

functions) factors on 

social skills in youth 

with Spina Bifida 

across time.  

Longitud

inal   

 

8-15 years Y 

(small 

gifts, 

money) 

TI = 57% 

T2 = 80% 

(of 

participan

ts at T1) 
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Holbein 

et al. 

2017b  

 

USA Hospital and 

postal 

communicatio

n, 

Spina Bifida, 

N=310, 

Control; 

N=310 

Medical 

charts 

Standardis

ed 

assessmen

ts in 

person  

Questionn

aires 

mailed to 

families 

To assess change 

across time in 

parental 

expectations of 

milestone 

achievement for 

young people with 

Spina Bifida to 

examine how 

expectancies relate 

to actual 

achievement of 

milestones, and to 

compare milestone 

achievement in 

youth with Spina 

Bifida with typically 

developing peers.  

 

Case 

Control  

 

8-9 years  Y  

(money) 

Case: 22% 

Control: 

23% 

Holbein 

et al. 

2015  

 

USA Hospital and 

Home, 

N=140 

Questionn

aires 

during two 

home 

visits, 

videotape

d family 

and peer 

interaction 

tasks and 

standardis

ed 

assessmen

ts in 

person.  

 

Teachers 

completed 

a battery 

of 

questionn

aires to 

return 

To examine 

differences in social 

behaviours in 

observed peer 

interactions 

between children 

with Spina Bifida 

and peers and 

examined 

neuropsychological 

correlates of such 

differences.  

Cross-

sectional 

 

8-15 years Y 

(small 

gifts, 

money) 

71% 
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through 

mail  

Holck et 

al. 2010 

Sweden Hospital, 

N=40 

Standardis

ed 

assessmen

ts in 

person.  

To investigate and 

compare the ability 

to make inferences 

in three groups of 

children ranging 

from 5.2 years to 

10.9 years namely 

matched samples of 

children with 

cerebral palsy, SBH 

and pragmatic 

language 

impairment.  

Cross-

sectional 

 

5-10 years N 100% 

Holmbe

ck et al. 

2010  

USA Hospital, 

T1; N=136 

families  

T2; N=136 

families  

T3; N=136 

families  

T4; N=136 

families  

 

Standardis

ed 

assessmen

ts in 

person 

To examine 

individual growth in 

psychosocial 

adjustment across 

adolescent 

transition in 2 

samples, young 

teens with Spina 

Bifida and typically 

developing peers.  

Longitud

inal 

 

8-9 years at T1 N T1 = 99% 

T2 = 99% 

T3 = 97% 

T4 = 91% 

 

 

 

Kelly et 

al. 2012  

 

USA Hospital, 

Spina Bifida; 

N=96 

Parent 

report 

  

To assess EF and 

psychological 

outcomes in 

children and teens 

with Spina Bifida as 

compared to control 

group.  

Cross-

sectional 

 

10-17 years 

 

N 100% 

Kronen

berger 

et al. 

2016  

USA Hospital, 

Spina Bifida; 

N=2 

Standardis

ed 

assessmen

ts in 

person 

To present case 

studies of children 

with Spina Bifida to 

illustrate the clinical 

use of a 

questionnaire of EF 

and learning related 

functioning, namely 

the Learning, 

Executive and 

Attention 

Cross 

sectional 

 

7 and 14 years N 100% 
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Functioning Scale 

(LEAF). 

 

Landry 

et al. 

2013  

 

USA Hospital, 

Spina Bifida; 

N=166 

Standardis

ed 

assessmen

ts in 

person 

 

To determine social 

problem solving at 7 

years of age in 

children with Spina 

Bifida and typically 

developing peers. 

The research also 

sought to determine 

the relation of group 

to social problem 

solving at 7 years of 

age and whether it 

was mediated by 

early EF/SL skills at 3 

years of age and 

how early parenting 

quality impacted 

relations.  

 

Cross 

sectional  

3-7 years  

 

N 62% 

Lennon 

et al. 

2015  

 

USA Hospital, 

Spina Bifida; 

T1; N=246, 

T2; N=111 

 

Standardis

ed 

assessmen

ts in 

person 

during 

home 

visits, 

Questionn

aires 

completed 

by 

teachers, 

parents 

and peers 

 

 

To examine 

longitudinal 

relationship 

between 

neuropsychological 

functioning and 

internalizing 

symptoms, 

mediated by social 

competence in 

youth with Spina 

Bifida.  

Longitud

inal   

   

 

8–15 years Y 

(money 

and 

gifts) 

T1 = 56% 

 

T2 = 79% 

(of 

participan

ts at T1) 

Luz et 

al. 

2017, 

 

Brazil Hospital, 

Spina Bifida; 

N=47 

 

Standardis

ed 

assessmen

To examine the 

relationship 

between cognition, 

motor function, 

Cross-

sectional 

 

6-20 years N 100% 
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ts in 

person 

 

functional 

independence, age 

and lesion level in 

MMC patients, 

quality of life and 

investigate the 

influence of 

hydrocephalus on 

the variables.  

 

Miller 

2017  

South 

Korea 

 

Hospital, 

Spina Bifida; 

N=111 

Data 

collected 

from 

school 

children 

and their 

parents.  

 

To identify factors 

linked to self-

management 

behaviours in 

children with Spina 

Bifida. 

Cross- 

sectional 

 

6-12 years N 100% 

Murray 

et al. 

2016  

USA Hospital, 

Spina Bifida; 

T1; N=136, 

T2; 136 

 

Parent 

report of 

adolescent 

sleep was 

collected 

every 2 

years at 6 

time 

points.  

 

To examine sleep 

disturbance 

trajectories in teens 

with Spina Bifida 

compared to 

typically developing 

peers over a 10-year 

period. The study 

also examined 

family, individual 

and socioeconomic 

determinants of 

sleep disturbance 

changes.  

Longitud

inal   

 

T1: 8-9 years 

T6: 18-19 

years 

 

Y, 

Money 

at each 

round of 

data 

collectio

n 

T1= 100% 

T2= 80% 

Murray 

et al. 

2014  

USA Hospital, 

Spina Bifid; 

T1; N=136, 

T2; 110 

 

Assessmen

t of 

families 

 

The purpose of the 

study was to 

observe autonomy 

promotion and 

inhibition-inducing 

parenting 

behaviours during 

preteens as possible 

adjustment 

predictors in 

Longitud

inal   

 

T1: 8-9 years 

T2: 18-19 

years 

 T1= 100% 

T2= 80% 
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individuals with and 

without Spina Bifida. 

O’Hara 

and 

Holmbe

ck 2013  

USA Hospital, 

Spina Bifida; 

N=246 

Data was 

collected 

from 

individuals 

with Spina 

Bifida, 

their 

parents 

and 

teachers.  

 

Duration: 

90 

minutes 

assessmen

t per 

individual 

with Spina 

Bifida.  

 

  

To examine 

executive functions 

and parenting 

behaviours were 

linked to medical 

adherence as well as 

autonomy in pre-

teens and teens 

with Spina Bifida.  

Cross-

sectional 

8-15 years 

 

At home 

sessions lasted 

3 hours, with 

average of 

45.50 days 

between 

sessions.  

 

Y, Gifts 

and 

money 

56% 

Psihogi

os et al. 

2017  

USA Hospital, 

Home and 

School, 

Spina Bifida; 

N=246 

Individiula

s with 

Spina 

Bifida, 

parents 

and 

teachers  

To examine 

biological, social and 

neuropsychological 

predictors of 

medical adherence 

and responsibility 

among preteens 

with Spina Bifida.  

Longitud

inal   

8-15 years Y, Gift 

and 

money 

45% at 

both T1 

and T2 

Simsek 

et al. 

2013  

Turkey   Hospital, 

Spina Bifida; 

N=116 

Hospital 

records 

 

To examine the 

relationship 

between BMI and 

functional 

independence levels 

in children with 

Spina Bifida.  

 

Cross-

sectional 

5-18 years N 93% 

Stern et 

al. 2018  

USA Hospital, 

Spina Bifida;  

T1, N=246,  

T2, N=92,  

Performan

ce-based 

questionn

aire by 

To examine two 

pathways via which 

depressive 

symptoms and 

Longitud

inal   

 

8-15 years  

Assessment 

spanned a gap 

of two years 

 T1=46% 

T2=82% 

(of 
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T3, N=84 participant

s 

 

neuropsychological 

dysfunctions may be 

linked with medical 

autonomy in the 

population namely 

depressive 

symptoms as 

medical autonomy 

predictors mediated 

by EF and attention  

between each 

round of data 

collection.  

 

participan

ts at T1) 

T3=74% 

(of 

participan

ts at T2) 

Stern et 

al. 2020  

USA Hospital and 

home 

Spina Bifida; 

N=246 

Participant

s with 

Spina 

Bifida 

completed 

a test T1.  

 

 

To examine the 

moderating roles of 

child age and 

parenting 

behaviours on the 

longitudinal 

associations 

between medical 

responsibility and 

neuropsychological 

functioning in youth 

with Spina Bifida.   

Longitud

inal 

study 

 

8-15 years  

Data collected 

at two time 

points (T1 and 

T2) between 2 

years, 

included 3-

hour home 

visits at T1 and 

at T2. 

Y, Gift 

and 

money 

T1 = 44% 

T2 = 81% 

(of 

participan

ts at T1) 

Stiles-

Shield 

et al. 

2018  

USA Hospital 

records and 

Home  

Spina Bifida; 

N=127 

Peers; N=122 

Home 

based 

observatio

n 

 

 

 

To examine 

friendship qualities 

such as positive 

affect, prosocial 

skills, control, 

support, conflict, 

companionship, 

help, closeness and 

security as well as 

perceived self-

efficacy in 

friendships of 

children with Spina 

Bifida and peers 

across time through 

self-report and 

observed 

behaviours.  

 

Longitud

inal 

Study 

 

8-15 years at 

T1 

Y, Gift 

and 

money 

Spina 

Bifida 

group; 

T1=98% 

T2=84% 

(of 

participan

ts at T1) 

T3=60% 

(of 

participan

ts at T2) 

 

Peers 

group; 

T1=96% 

T2=80% 

(of 

participan

ts at T1) 
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T3=51% 

(of 

participan

ts at T2) 

 

 

Tuminel

lo et al. 

2012  

USA Home 

Spina Bifida; 

T1, N=246, T2, 

N=126 

Data 

collected 

through 

home 

visits, 

questionn

aires, 

testing 

and video 

recording. 

 

 

To examine the 

association of 

parent report and 

performance 

measures of EF with 

measures of 

behavioural 

autonomy and 

emotional 

autonomy, as well 

as parental 

intrusions in teens 

without and with 

Spina Bifida.  

Longitud

inal 

study 

 

 

8-9 years at T1 

Assessment 

every 2 years.  

 

N T1=55% 

T2=92% 

(of 

participan

ts at T1) 

Vinck et 

al. 2010  

The 

Netherland

s 

Hospital 

Spina Bifida; 

N=78 

Control; N=30 

Assessmen

t by 

profession

als in 

person  

 

  

To investigate the 

relationship 

between cognitive 

functioning, fine-

motor performance, 

and motor quality in 

children with MMC 

and Spina Bifida 

only, considering 

cerebral 

malformations.    

Case 

control 

 

6-14 years N Spina 

Bifida= 

52% 

Control = 

100% 

Ware et 

al. 2016  

USA and 

Canada 

Hospital 

Spina Bifida; 

N=474 

Assessmen

t by 

profession

als in 

person  

 

 

To examine the 

microstructural 

properties of 

cortical and 

subcortical grey 

matter components 

of the dorsolateral 

prefrontal cortical-

subcortical circuit in 

association with 

parent rated 

executive function 

Retrospe

ctive 

cohort 

study 

8-18 years  N 10% 
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and fine motor 

dexterity 

performance in 

youth with MMC.  

Wasser

man et 

al. 2016  

USA Hospital, 

home and 

school 

 

At T1; N= 142 

(Case= 72, 

Controls=70) 

 

 

Maternal 

and 

teacher 

assessmen

t reports 

 

 

 

To identify 

differences in the 

diagnosis and 

treatment of ADHD 

between children 

with Spina Bifida 

and typically 

developing peers.  

Longitud

inal 

study,   

 

Data was 

collected 

5 

different 

times 

over 

every 2 

years. 

 

Longitudinal 

study 

 

8-9 years at 

T1. 

N T1=95% 

T2=97% 

(of 

participan

ts at T1) 

T3=95% 

(of 

participan

ts at T2) 

T4=91% 

(of 

participan

ts at T3) 

T5=83% 

(of 

participan

ts at T4) 

Yun and 

Kima 

2017  

South 

Korea 

Home 

Spina Bifida; 

N=112 

 

 

Data 

collected 

from 

individuals 

with Spina 

Bifida and 

their 

parents.  

  

To locate factors 

associated with self-

management 

behaviours in 

children with Spina 

Bifida. The 

Individual and 

Family Self-

Management theory 

was tested using 

this study.  

Cross-

sectional 

Cross sectional 

7-12 years 

N 100% 



                                                      
 
  

 

238 
 

 
5.3 Conclusion: 
 

The information from the review above reveals that primarily parents participated on the 

studies involving children with Spina Bifida. Greater teacher participation was observed than 

parental participation whenever there were both parents and teachers involved.  This is 

similar to participation in this study in Northern Ireland where only 19 out of 70 parents (27%) 

invited had participated, in comparison, 13 out of 19 teachers (68%) invited had participated. 

With the conclusion that teachers´ participation is usually higher and studies achieving 100% 

participation especially when recruited from reaching the schools in person, emphasis should 

be placed on getting consent and greater involvement from parents of Spina Bifida 

themselves. Given that better participation of parents has been achieved by most of studies 

who had recruited these parents when they had visited the hospital/clinic with their child or 

made home visits, the subsequent studies could emphasise on designing of recruitment 

method involving face-to-face interaction with parents for consent and participation over 

sending invitation by post. It was previously expected that incentives would increase 

participation rates; nonetheless, no favorable trends were observed.   

  

5.4 Stakeholder engagement in the population of children with Spina Bifida 
in Northern Ireland 

Upon the completion of this study, the summary of findings was shared with Shine and the 

parents/guardians of children with Spina Bifida (Appendix 46). It was not feasible to contact 

the teachers due to frequent closures during this ongoing Covid-19 pandemic. While 

disseminating the findings, it was proposed that some feedback was collected from the 

parents/guardians of children with Spina Bifida and the key stakeholder Shine through a short 
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survey followed by a group discussion. This feedback may be beneficial for engaging 

parents/guardians and teachers in future research that is focused on the developmental 

aspects of child population of Spina Bifida. 

 

5.4.1 Method  
 
All parents who took part in the study (n=19 of a total of 70 who were invited)) and those who 

did not take part (n=51) were invited to complete this survey and invited to take part in group 

discussion for collecting their reflections on the study and its findings. Shine identified the 

email addresses of these 70 parents (accessing Shine’s database for emails). The summary of 

study results was disseminated to parents or guardians in the form of user-friendly synopsis 

which also included link to a Qualtrics survey to complete (Appendix 46).  This short survey 

had a total of 16 questions, and asked parents or guardians to provide their reflections of the 

study. A consent form for those interested in taking part in the group discussion was 

embedded at the end of the survey. The Ulster University’s Institute of Nursing and Health 

Research (INHR) Governance Filter Committee provided clearance of ethics for this (Appendix 

47). After receiving the feedback from parents or guardians, the researcher collated the 

information for further analysis and adhering to the GDPR by maintaining anonymity and 

confidentiality of the participants. 

 

5.4.1.1 Discussion of group participants 
The group discussion was conducted remotely and involved three study participants, one 

facilitator [VS], and one observer [YP-the researcher]. For the research purposes and 

simplification, they were referred to by their stakeholder role and, when needed, their 

number within that role. These were: Mother of child with Spina Bifida who had participated 
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in the study (Mother 1), two staff members at Shine (Shine 1 and Shine 2), Facilitator and 

Observer.  

 

In addition, in phase 1 preceding to the group discussion was conducted, participants were 

asked to complete a structured 16-item survey to collect reflection on the study, its 

methodology and its findings, and analytically inspected after the qualitative discussion, 

(Appendix 46). Although it was started by nine parents of children with Spina Bifida (eight 

mothers and one father), only four fully completed the surveys. The missing data was very 

high for other five parents not sufficient for analysis. 

 

5.4.1.2 Data Analysis 

The transcript from the group discussion was qualitatively analysed through thematic analysis 

(TA), and data from survey through simple descriptive statistics. Thematic analysis is a 

theoretically flexible approach to analysing qualitative data (Braun and Clarke 2006). 

Thematic analysis was used over other qualitative analytic methods to identify patterns and 

themes, and thematize meanings within the cluster of data. The themes were organised in a 

coherent and consistent manner (Braun and Clarke 2006). 

 
 
Qualitative data analysis 
 
Data analysis was performed to answer to two main questions. These were: ‘What can be 

done to improve feasibility of the research of children with Spina Bifida and their caretakers?’; 

and ‘Why does the study of children with Spina Bifida and their caretaker matter?’ The 

discussion was semi-structured. Its five questions, posed in a flexible manner, were: 
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1) Why you participated in the study; 

2) How you feel about the general findings of the study; 

3) How the study influenced your view of your child’s development and education; 

4) Your thoughts about how the study findings can improve interventions for children 

with Spina Bifida; and 

5) How to improve parents’ participation in future studies on development of children 

with Spina Bifida. 

 

All participants and stakeholders at the group discussion shaped the outcomes of the 

conversation. Nevertheless, the subset of comments offered by Mother 1, Shine 1, and Shine 

2 were chosen.  In total, they made 44 distinct comments, ten of which were suggestions in 

the form of questions that researchers could consider in the future research (Appendices 48 

and 49). 

 

Thematic Analysis Process 
The process involved three stages common in TA with its theoretical freedom, is a very 

effective tool in analysing qualitative data and able to generate rich and detailed findings 

(Braun and Clarke 2006, 2013). The first stage included familiarisation with the data 

transcripts. The second stage included generating the initial codes. It consisted of a line-by-

line inductive categorisation of every unit of text. These categories described participants’ 

actions, intentions, and explicit and implicit meanings. This took place in the form of noting 

down the actions, intentions and explicit and explicit meanings in a list, and this list was linked 

to the initial codes which emerged when organising data into meaningful groups. The third 

stage was the thematic hierarchy formation of codes, to form categories of the grouped 
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themes, and sub-categories. This process involved moving up the conceptual ladder to 

analytically, critically, inductively organise categories into hierarchic themes as can be seen in 

a Table in Appendix 49. In phase four, the themes were reviewed with double coder (VS) and 

final codes were agreed.   

 

Double coding ensures consistency and reliability of the lead researcher’s coding and that 

different interpretations are considered (Yardley 2000). Because different people tend to 

possess different frames of reference it is important that in qualitative research, an inter-

coder reliability (ICR) is achieved (O’Connor and Joffe 2020), which is considered to be a 

recommended practice in qualitative research (O’Connor and Joffe, 2020).  In order to achieve 

transparency of the coding process and reflexivity of the research process, the themes were 

refined multiple times in consultation with the double coder before finalising and agreeing 

and the final themes, categories and sub-categories. All participant identifiable information 

was removed prior to consultations with the double coder or project supervisor to keep in 

line with the GDPR. Repeated categories which were irrelevant to the research aims were 

grouped together and discarded. For the purpose of this analysis, every theme and category 

which was not directly connected to the aforementioned aims of the study was discarded.  

 

The last stage was writing up. It consisted of revising the consistency of themes with the help 

of an excel file, and summarizing findings per theme. Given the limited time of the discussion 

with participants, each category which was mentioned more than once was written down or 

noted. At the end, the number of references discussing each theme was quantified and 

included in the report, by being preceded by the letter R.   
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These themes were narrowed down to six subcategories under the operational definition as 

below: 
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Table 5.3 Sub-categories for thematic analysis  

Subcategories Researcher’s Label Operationalization 

RQ1: What can be done to improve feasibility of the research on children with Spina 
Bifida and their caretakers? 

Priorities for future research Priorities Discussing certain research issues 
as “important”, or “more” 
important or valuable, or adverbs 
such as particularly or any other 
expression denoting an implicit or 
explicit comparison.  

Reflecting on and improving 
recruitment processes 

Recruitment 
processes 

Discussing how recruitment 
processes could be improved or 
did not work. 

Veracity of results Results' ecological 
validity 

Discussing particular Spina Bifida 
cases, sometimes in relation to 
the study’s results 

RQ2: Why does the study of children with Spina Bifida and their caretaker matter? 

Educating parents Informing parents Noting that parents should know, 
be informed, or be taught about 
the disorder and useful caregiving 
practices. 

Educating practitioners Informing 
practitioners 

Noting that schools should know, 
be informed, or be taught about 
the disorder and useful caregiving 
practices. 

Understanding complexity of 
Spina Bifida  

Personally 
understanding 
Spina Bifida 

Describing issues about the 
disorder that were “hard” to 
understand, complex or little 
understood by the participants. 

 

  



                                                      
 
  

 

245 
 

Quantitative Data Analysis 
Data analysis was performed to understand the feedback from the parents/guardians of 

children with Spina Bifida and key stakeholder Shine through a short survey. The survey was 

completed before and analysed after reporting on the results of the group discussion. This 

brought the advantage of preventing the more sensitive qualitative data analysis process from 

being used in a self-confirmatory manner, to simply corroborate quantitative findings 

(DiCicco‐Bloom and Crabtree 2006).  

 

The survey was structured and comprised of 16 items derived to meet the aims set out for 

collection of reflection on the study from parents/guardians. These are included in Appendix 

50, along with their report designations. Among these items, two were dichotomies (Q5. Why 

did you participate in the study? (Participation motives) and Q15. Have the results influenced 

view on your child’s development and education? (View modification) and were analysed by 

reporting on frequencies. Four were Likert-like ordinal scales (Q6. How would you rate the 

documents that went out explaining the study? (Study explanation); Q8. How would you rate 

the instructions on how to complete the booklet on your child? (Booklet instructions); Q11. Do 

the results reflect your experiences of your child with Spina Bifida? (Personal experience of 

findings); Q17. Do you think this type of research study is important? (Study importance) and 

were analysed through frequencies. Eight were open-ended (Q7. Please state why you chose 

the score above (Reasons for Q6); Q9. Reasons for Q8; Q12. Reasons for Q11; Q13. Which 

results of the study are most similar to your experience of your child? (Most accurate results); 

Q.14 Which results differ the most from your experience of your child? (Least accurate 

results); Q16. Reasons for Q15; Q18. Reasons for Q17; and Q19. What would encourage you 
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to participate in a similar study in the future? (Participation triggers) and were analysed 

through content analysis in terms of categorical frequencies.  

 

The open-ended questions in the survey were related to qualitative findings and used to 

expand, confirm or refute the categories and themes identified during the qualitative data 

analysis process. This method followed on Mayring’s (2000) qualitative content analysis 

recommendations, where the process is mostly deductive - vs. inductive, as embraced by 

qualitative data analysis strategies such as thematic analysis. There were 342 words used in 

these replies to open-ended questions. Although many open-ended questions were not 

completed, these responses were more informative than quantitative measures.  

 

5.4.1.3 Findings from group discussion 

The findings are described in the following sections and are described based on the two main 

themes: Methodological improvements (R=33); and Knowledge matters (R=31) (Appendix 

49). Thus, each one of these themes was discussed with supportive quotes to illustrate the 

points made, which also formed common concerns of the participants.  

 

Participants suggested that participation rates might be enhanced by: broadening the age 

span of recruited children; employing postal, digital, face-to-face, and over the phone data 

collection strategies; gathering data via one-on-one and collective data collection methods.  

 

For example, Shine 1 noted that “a lot of the children actually attend special schools, so I 

wasn't aware when it was posted out to maybe 70 people.” This indicated that the odds of 

finding participants are enhanced by targeting special care schools, as opposed to schools 
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following national curriculum (regular schools). Shine 1 further suggested that the condition 

of Spina Bifida   hinders students’ integration in regular schools. Therefore, targeting different 

types of educational institutions could possibly enhance participation rates.  

 

Relating to the integration into school, the comment was that “maybe just as they get that 

wee bit older the condition becomes less appropriate to be in mainstream school and they 

have moved to special schools I'm not sure.” Indirectly, this special care schooling necessity 

also revealed, as some more explicitly discussed, that caregivers may be overwhelmed by 

their caring duties. Therefore, increasing participation rates, and particularly for children with 

more serious difficulties should be focused.  

 

The comments on study results’ ecological validity in particular cases of Spina Bifida were 

described. In this case, these experiences could, and sometimes were explicitly compared to 

the study’s results. In these circumstances was for example Shine 1’s remark: 

“I also think it would be important to compare the child with spina bifida who has a 

shunt and the child with spina bifida who doesn't have a shunt to see if having a shunt 

makes a difference?” 

 

Understanding complexity of Spina Bifida 

The subcategory understanding complexity of Spina Bifida consisted of comments where the 

speaker revealed lacking and/or desiring to know more about a particular aspect of Spina 

Bifida. For instance, the mother remarked that “for Spina Bifida, it's such a variety of needs, 

it can go from one extreme to the other”. In the light this variety, studies could benefit from 
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inspecting both “obvious” and “subtle” symptoms on behaviour, rather than a diagnosis 

which can even eventually be confused with “autism.”  

 

Priorities for future research 

The theme priorities for future research was mentioned four times and it referred to exploring 

particular aspects of research and/or Spina Bifida that were seen as valuable by participants. 

These areas of research represented gaps in knowledge and a need for more understanding 

and awareness on the topic. Shine 1’s comment described above illustrates this category. It 

followed educating parents, mentioned three times, and educating practitioners, mentioned 

twice. As Shine 1 expressed, it was important to disseminate knowledge to every stakeholder 

in children’s developmental outcomes, “parents” and “schools” alike and find a transfer of 

knowledge between them.  The remark below further illustrated another aspect which was 

regarded as a priority, generating and disseminating empirical knowledge about children with 

Spina Bifida:  

“I think it is important for research to be done and for parents need to know what 

they can do to help their child or schools need to know what extra help needs to be 

brought in to help their children so the more researchers take that takes place the 

more knowledge people should have.” 

 

5.4.1.4 Quantitative findings 
 
Quantitative findings will be discussed alongside their relationship to the qualitative findings 

discussed in the preceding sections. 
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Research matters 

The survey inquired if the parents felt the results of this study rang true with their 

experience of the children or did the findings felt like it's something that doesn't represent 

the children that they know looking after. Q17 did so through a scale of one (“not at all”) to 

six (“yes, very”). All four participants answered “yes, very’’, and one answered “acceptable’’. 

Q18 asked them to provide reasons for their ratings. As with the knowledge matters 

qualitative theme, these reasons were spread along areas for which knowledge was sought 

and the audiences which would benefit from such knowledge. The individual reasons from 

the participants are listed below: 

“It is important to understand how a child’s development with Spina Bifida works and the 

resources needed to help them with their education”. 

“Because we need to keep up to date with life and things changing”.  

“It helps more teachers/general public learn more about spina bifida who have not had to 

experience it firsthand and what everyday problems we may have to deal with”.  

“It is important to realise what struggles these children go through and for educators and 

medics to help them”. 

 

Areas where there was a lack of knowledge in participants were “a child’s development with 

Spina Bifida”, “struggles these children go through”, “the resources needed to help them with 

their education” and the tools required “for educators and medics to help them”. In terms of 

audiences, beyond the aforementioned educators and medics, one participant referred 

“teachers/general public (…) who have not had to experience it first-hand”.  

 



                                                      
 
  

 

250 
 

All of the research gaps and participants identified in the survey had also been revealed during 

the qualitative discussion, even if phrased differently. The only aspect which was mentioned 

exclusively in the survey referred to the need of actualizing knowledge permanently, as a life 

motto.   

 

Motivation to participate 
The survey also inquired about motives for becoming actively involved in research by 

participating personally (Q5 Why did you participate in the study?) or generally (Q19 What 

would encourage you to participate in a similar study in the future?). Both of these items can 

be said to assess, more than their intellectual recognition of the value of research, the 

personal sense of priority placed by the parent on participation. Finally, the survey also 

tapped into the importance of Spina Bifida investigations by inquiring about whether 

presence of this condition had actually had a personal impact on modification of their view 

on the child (Q15 Have the results influenced your view on your child’s development and 

education? and Q16 Please state why you chose the score above.). Any one of these items 

helped to understand whether Spina Bifida research was important at a personal level, and 

so important that it had triggered their own participation in studies.   

 

Their replies to Q5 Why did you participate in the study? showed that three in four mothers 

decided to participate because they: wanted “better outcomes for my child”; and “felt it was 

important”. Q19 was concerned with the triggers that might motivate their future study 

participation. It showed that, in one instance, the wellbeing of their offspring remained a 

trigger. Yet, in every other case, they described future participation triggers that echoed what 

had been qualitatively described as knowledge matters. Namely, they wanted to contribute 
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to the development of “information on how to help” the child has a better life and be better 

supported by their stakeholders and general public.  

 

Q15 Have the results influenced your view on your child’s development and education? and 

Q16 Please state why you chose the score above, asked whether the results of the present 

study had had a recognizable impact on their personal views. This could be opposed to the 

hypothetical impact acknowledged this far by parents, when arguing that research and 

research participation mattered for knowledge development, inclusively as stakeholders 

utilized it to help their offspring. Every participant said “no” in Q15. Two explained why this 

was the case. One mother stated that her son was being well supported by the school, and 

the other “already knew.”  

 

Quality of research materials 
 
Q6 How would you rate the documents that went out explaining the study?, Q7 Please state 

why you chose the score above (in a scale from one (“very poor”) to six (“excellent”), Q8 How 

would you rate the instructions on how to complete the booklet on your child? and Q9 Please 

state why you chose the score above in a scale from one (“very poor”) to six (“excellent”), 

asked participants about the quality of the instructions provided for the present research and 

booklet completion. Their ratings were always above average, and therefore on the 

‘approved’ spectrum that the instructions given being good.  Yet, the mode was always four 

and there was only one rating of six assigned, specifically to the study instructions. It was 

assigned by a mother who felt that these materials were “very easy to understand and 

answer.” Therefore, albeit viewed by participants already sufficiently good, there seems to 
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be space for improvement of the materials used for the present study. This aspect was not 

discussed during the interview, and, therefore, this was information that could be easily 

added to the methodological improvements theme.  

 

 

Convergence between main study’s findings and mothers’ experience 
 
Q11 to Q14 asked if their personal experiences converged with the present study’s findings 

on a scale from one (“not at all”) to six (“yes, very”). Q11 asked if “results reflect your 

experiences of your child with Spina Bifida." Ratings varied between three and six; the mode 

was three. One of the mothers offering a rating of three explained that, unlike her other three 

children, her “child struggles with simple tasks at times and would get easily frustrated and 

hit out at himself”. The only mother offering a rating of five selected one of the findings that 

‘ringed true’ with her experience: “short term memory.” This is substantiating with the 

findings of difficulties in child working memory (from both parent and teacher rating) in this 

study. 

 

In Q13 Which results of the study are most similar to your experience of your child? The 

responses were: “short term memory”; “a lot”; “the being better at art” and “behaviour”. 

Findings for which personal experience provided convergence on validity with the study - 

“having difficulties with Math, English” - a symptom which one of the mothers described as 

accurate in Q13. This variability, between those with Spina Bifida who are, and those who are 

not so bad at Math and English, brought once more to mind the phenotypical variety of Spina 

Bifida and comorbidities associated with this condition.  



                                                      
 
  

 

253 
 

Chapter 6: Discussion 

 

The aim of this study was to determine the development of children with Spina Bifida 

across cognitive, social, and educational outcomes. Based on small pool of data the study 

is unable to making any meaningful conclusion about. The study has although found 

difficulties in only some areas in children with spina bifida compared to typically 

developing children, there were no differences on several outcomes. This chapter reviews 

and discusses the findings from the study, considers the theoretical and practical 

implications of the findings, describes the strengths and limitations, and makes 

recommendations based on the findings.   

 

This study was designed to investigate the cognitive, behavioural and educational 

outcomes in a sample of children with Spina Bifida and children without Spina Bifida aged 

5 to 11 years attending mainstream schools and special schools in Northern Ireland. While 

outcomes for groups which had included both children and adolescents together have 

been reported in the literature previously, no study to date has focused on all three 

outcomes simultaneously, and no study in the review has focused specifically and 

exclusively on children of primary school age. The unique contribution of this study is its 

investigation of child cognitive, behavioural and educational outcomes elucidated 

through the assessment by the day-to-day carers of the child (parents/guardians and 

teachers) in home and school settings, rather than through direct assessment (Isquith et 

al. 2005; Jurado and Roselli 2007).  

 



                                                      
 
  

 

254 
 

First, the findings from the study demonstrated that children with Spina Bifida (n=19) 

performed similarly to children without Spina Bifida (n=8) on multiple subscales of BRIEF2 

that measured cognitive outcomes except for Working Memory from both parental and 

teacher reports, which is very important for brief storage and management of the 

information required to accomplish complex cognitive tasks such as reading, learning, 

reasoning, and knowledge. No group differences were found in SDQ scales for 

behavioural outcomes in children as assessed by parents; however, teacher assessment 

of peer relationship problems and Total Difficulties scores were higher for children with 

Spina Bifida. In terms of teacher rated academic achievement, children with Spina Bifida 

performed similarly on all subjects except for English, Mathematics and History where 

significant differences were found (p=0.011*; p=0.011* and p=0.043* respectively). 

 

 

The birth of a child with Spina Bifida can be challenging for the parents, with concern over 

the survival of the child and long-term developmental outcomes (Holbein et al. 2017b). 

As discussed in Chapter 1, the increasing survival of children with Spina Bifida has raised 

concerns regarding their long-term outcomes (Simeonsson et al. 2002) and the 

psychological difficulties associated with children with chronic health conditions 

(Helgeson and Zajdel 2017) and with early defects in the CNS like Spina Bifida (Ewing-

Cobbs 2003).  
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The development of behavioural, cognitive and educational skills is dependent on both 

individual (i.e., biological and physiological) and contextual (i.e., ecological and cultural) 

factors that guide human activity (Fischer and Bidell 2006; Spencer 2006; Spencer et al. 

2015). These skills develop in every child throughout their lifetime, structuring executive 

functions and intelligence (Cantor et al. 2018; Garlick 2002). Some children with Spina 

Bifida experience increased risk of brain defects and deficits in movement, cognition, 

behaviour, education and adaptation (Dennis 2006; Fletcher et al. 2004; Fletcher and Brei 

2010; Raghubar et al. 2015). To shed light on these developmental outcomes in children, 

Bronfenbenner’s (1979, 2005) socio-ecological model of development was adopted as the 

theoretical framework for this study (see section 3.7 in chapter 3 Methodology) to assess 

cognitive and behavioural skills and education in children. This model is appropriate for 

the study because it recognizes that skills acquisition and human development occur at 

the individual and microsystemic levels, including various demographic, economic, 

environmental, familial, and social factors to the chronosystemic level that includes 

macro-level factors such as culture, and changes and shifts in individual lifespan; all these 

factors interact to affect child outcomes.  

 

Cognitive ability can influence other areas of functioning such as behaviour and 

educational skills (Yeates et al. 2009). The combined interaction of these skills plays a vital 

role in life success or for high school and college achievement. These achievements 

enable greater independence and improve children’s quality of life when they reach 

adolescence and adulthood (Bruder 2010; Guralnick 2005; Zelazo 2015). The results of 

the current study indicated that although some children with Spina Bifida experience 
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more difficulties in all three outcomes–measured using BRIEF2, SDQ and TAAS– the 

differences were not significant for clinically elevated levels (indicative of having risk of 

potential difficulties) for overall cognitive abilities and potential behavioural problems; 

more than 69% of the children performed as well as expected for the class average in 

most subjects. 

 

The findings from the study are reviewed and explained in the following sections, 

beginning with the cognitive outcomes based on BRIEF2 followed by the behavioural 

outcomes based on SDQ and educational outcomes based on TAAS. The strengths and 

limitations of the study are then presented, and the study’s contribution to knowledge is 

discussed. The chapter concludes with recommendations for practice, policy and further 

research. 

 

6.1 Cognitive Outcomes in Children 

The BRIEF2 parent and teacher forms were used to evaluate the basic set of cognitive 

processes in children. The BRIEF2 scale assesses the nine essential components of 

cognitive skills (clinical scales), three indices, and one overall composite score.  Compared 

to the control group, the mean T-scores from the parent/guardian reports for children 

with Spina Bifida were significant in only two of the nine BRIEF2 clinical subscales (Initiate 

and Working Memory) compared to the control group.  This finding suggests that children 

with Spina Bifida may have significant higher difficulties compared to children without 

Spina Bifida around ability to initiate a task and to generate ideas self-sufficiently for 

response or solving problem. While higher difficulties in working memory affects 
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children’s ability to follow instructions, execute multistep activities, and perform 

cognitive manipulations such as mental arithmetic. There was also a significant difference 

in only two of BRIEF2’s indices (CRI and overall GEC). However, there was no significant 

group difference in the self-monitor, BRI, shift emotional control, ERI, plan/organize, task-

monitor, and organisation of materials. Compared to the control group, the mean T-

scores from the teacher rating for children with Spina Bifida were significantly higher in 

all BRIEF2 clinical subscales except BRI and emotional control. 

 

These findings on children are consistent with Tarazi et al. (2008) who found significant 

differences in the initiate and working memory subscales of the Metacognition Index 

between participants with MMC and hydrocephalus and a comparison group without this 

condition. Using the BRIEF scale, Tarazi et al. (2008) demonstrated that children and 

adolescents with myelomeningocele and shunted hydrocephalus (MMH) can suffer from 

impaired executive control behaviours and lack of maturation. Compared to the 

comparison group, cognitive control among children and adolescents with MMH was 

significantly lowered. Overall, Tarazi et al. (2008) demonstrated that children and 

adolescents with MMH had higher BRIEF scores (meaning greater difficulties) based on 

teachers’ ratings.  

 

The findings from this study support previous research on cognitive outcomes for children 

and teens with Spina Bifida. In a cross-sectional study, Vinck et al. (2010) tested children 

and teens (age range 6-14 years) and found less than half (47.4%) of the children showed 
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impaired cognitive functioning. Spina Bifida was categorised in terms of spinal anomaly, 

neurological impairment of the body’s lower portion and cerebral malformation. For 

children with Spina Bifida, statistically significant correlations were found between IQ 

measures, and VMI-MD totals of the Beery’s VMI-18 scale. Vinck et al. (2010) stated that 

compared to groups without disabilities, those with MMC were impaired on performance 

intelligence quotient (PIQ) and full-spectrum intelligence quotient (FSIQ), but not verbal 

intelligence quotient (VIQ) measures. All these IQ measures are important in assessing 

child’ cognitive abilities.  

 

The findings from this study are also consistent with Brown et al. (2008) who reported 

significant differences in the Initiate and Working Memory subscales between children 

aged 10-17 years with MMC and a control group. Brown et al.’s (2008) longitudinal study 

demonstrated that the MI average for the group of children with Spina Bifida was 

statistically different from the normative mean. In addition, Brown et al (2008) indicated 

that the BRIEF subscales organisation of materials, initiation, working memory, and 

plan/organize for children with Spina Bifida had higher T-scores compared to those 

without the condition. There was a positive relationship between Spina Bifida MMC and 

parental distress, suggesting that these deficits are a source of stress for parents who 

have a child with Spina Bifida. This study also found differences in working memory 

supporting the research by Boyer et al. (2006), who evaluated how processing speed 

influence working memory in children with MMC. Boyer et al. utilized range of scales 

including the Children version of Paced Auditory Serial Audition Test (CHIPASAT), 

(Working memory and Information processing speed, Weschler Intelligence Scale for 
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Children-Third Edition (WISC-III), and Wechsler Individual Achievement Test (WIAT) 

scales. Based on the findings, children with MMC and hydrocephalus had deficiencies in 

working speed memory and information processing.  

 

The findings of the present study also support research by Rose and Holmbeck (2007) 

who used the parent and teacher ratings of the BRIEF and Self-Perception Profile for 

Children (SPPC), Cognitive Assessment System (CAS), and the social skills rating scale. 

Similar to the current study, the teacher ratings indicated significant differences in all the 

subscales (Rose and Holmbeck 2007). This suggests that teachers view Spina Bifida as a 

major cause of poor executive functioning and attention deficits in children aged 8-9 

years. It should also be noted that the teachers rated difficulties related to cognitive 

processes in children with Spina Bifida relative to children without Spina Bifida higher due 

to assessment in more structured environment and higher cognitive demands in schools 

than did parents/guardians (Meissel et al. 2017; De Los Reyes et al. 2015). The inter-rater 

correlation coefficients between parents and teachers on the same child have also been 

reported to be typically lower at 0.30 to 0.50 (De Los Reyes and Kazdin 2005).  

 

Working Memory might be a prominent area of difficulty among children with Spina Bifida 

than other clinical scales in BRIEF2. The finding supports the findings by Rose and 

Holmbeck (2007) who showed a significant difference in the outcomes for working 

memory. The teacher rating in this study has also shown significantly higher proportion 

of clinically elevated T-scores for (≥ 70) for working memory. Similar results were 
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reported by Tarazi et al. (2008) in a group involving both children and adolescents for 

BRIEF working memory, initiate, plan/organize, and MI index subscales.  

 

Similar to the current study, Calhoun and Mayes (2005) found that the Processing Speed 

Index IQ with Spina Bifida was low, which is the measure of speed of task completion or 

effortlessness. This study’s findings are also supported by Vinck et al. (2010) who found 

that children with Spina Bifida have difficulties with fine motor impairment, cognitive, 

and impaired motor quality.  

 

Boyer et al. (2006) examined working memory and information processing in a study on 

children and adolescents with Spina Bifida. These researchers found lower number of 

correct responses for the study participants with MMC and shunted hydrocephalus in 

information processing and working memory speed compared with siblings. This suggests 

differential cognitive outcomes in children with Spina Bifida. Linquist et al. (2009) have 

also examined the effects of hydrocephalus and MMC on neuropsychological intelligence 

and functions among a group of children and adolescents. This case control study had 

MMC participants, MMC with hydrocephalus participants and typically developing 

comparison group. Participants were matched for age and gender. Children with MMC 

only had an IQ of 103 compared to an IQ of 75 in those with hydrocephalus and MMC. 

Significantly higher immediate and long-term memory (LTM) as well as EFs. Furthermore, 

based on a study of difference between case and control subjects, researchers concluded 

those with MMC and hydrocephalus as against MMC only had higher cognitive deficits in 
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children. Due to lack of data medical data including presence/absence of hydrocephalus 

for the sample of this current study, there is no comparison possible with above two 

studies. However, overall, the results from this study support previous research that 

found children with Spina Bifida have cognitive deficits around memory.  

 

To determine the unique contributions of factors that predict cognitive outcomes, the 

current study included a series of linear regression analyses. There were four different 

models created for both parent/guardian and teacher rating to account for factors related 

to the outcomes. Model 1 adjusted for child’s age, model 2 adjusted for mother’s level of 

education, model 3 adjusted for area level deprivation and model 4 adjusted for mother’s 

age at birth. The combined association between all four covariates together could not be 

tested because of low sample size. The parent/guardian ratings suggested no significant 

association for the mean BRIEF2 GEC score (summary of overall cognitive profile) 

between the group (i.e., children with Spina Bifida or children without Spina Bifida) and 

the four factors included in the model separately. However, the association was 

significant between all four known factors (one adjusted for in each model) and the 

outcome measured from the teachers’ ratings, in which the BRIEF2 GEC mean T-score for 

children with Spina Bifida was more than 20 units higher than that of children without 

Spina Bifida. This finding suggested that the teacher ratings have identified children with 

Spina Bifida had 20 units higher GEC T-scores on average than those without this 

condition having risk of higher difficulties in overall executive functioning in children.  
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The results from the logistic regression analysis did not find a significant association for 

the mean BRIEF2 GEC score between the known covariates (child’s age, mother’s 

education, deprivation measure and mother’s age at birth of child) and the group in 

parent/guardian’s report. However, findings from the logistic regressions used in this 

study should be interpreted with more caution. There is loss of information in 

dichotomous operationalization and due to the reduced number of individuals in each 

cell, the odds ratios are overestimated, and the confidence intervals are very wide, 

showing no association between the cases/controls and the outcomes.  

 

6.1.1 BRIEF2 GEC mean score vs. normative T-score of 50 in US population 

Based on the ratings provided by their parents/guardians, the mean scores for children 

with Spina Bifida were significantly higher than the normative score on five of the nine 

clinical scales (Shift, Emotional Control, Initiate, Working Memory and Task Monitor) and 

two of three indexes (ERI and CRI) and the GEC (remained significant after the Bonferroni 

correction (α=0.0038). 

 

The study found higher difficulties for emotional regulation rated by parents than 

teachers, on the comparison of the mean T-scores with the normative T-score of 50.  IN 

the parents ratings, the mean T-scores for children with Spina Bifida were significantly 

higher than the normative score for the subscales Shift and Emotional control and their 

composite index ERI, while the mean scores from teacher ratings were significantly higher 

for the subscale Shift only. It is also important to note that both parent/guardian ratings 
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and teacher ratings showed significantly higher T-mean scores than the normative scores 

for the scales: Initiate, working memory, task monitor, and the CRI and GEC indices. 

 

These findings are consistent with O’Hara and Holmbeck (2013) who reported 

significantly higher BRIEF BRI scores among a group of children and adolescents with 

Spina Bifida. The participants’ scores in all three BRIEF clinical scales were statistically 

different from the normative T-score of 50. This study found that children with Spina 

Bifida performed similarly on BRIEF2 index BRI and its subscales when compared with the 

normative T-score of 50, similar to studies involving both children and adolescents (Brown 

et al. 2008; Tarazi et al. 2008).  

 

6.1.2 Comparison of mean BRIEF2 GEC scores with normative mean for BRIEF2 GEC in 
US population 

This study found that the mean BRIEF2 GEC T-scores differed between the two groups – 

being higher for the study sample compared to the normative mean score for the 

population of US children (Table 4.10). It is logical that the mean T-scores differed as the 

study did not have a representative sample from the Northern Irish population and only 

the US normative scores were available for comparison.   

 

6.2 Behavioural Outcomes  

The second objective of this study was to assess behavioural outcomes in children with 

Spina Bifida. The findings from the study, based on the SDQ scale, showed no significant 
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group differences based on parents and teacher assessment for several SDQ subscales, 

except for peer relationship problems and Total Difficulties scores from teacher rating 

only. In this study, there were no significant differences between the proportion of 

children with and without Spina Bifida at risk of having potential behavioural problems 

on any subscale of SDQ or the SDQ total difficulties score. This finding could only be 

corroborated from teacher ratings with previous studies that have found significant 

behavioural differences among children with Spina Bifida and those without the 

condition. For example, Holbein et al. ‘s (2014) case control study indicated significant 

differences in interaction style, speaking with less clarity and having less confidence in 

stating opinions among children and adolescents with Spina Bifida aged between 8 to 15 

years. In their study, Holbein et al. (2014) focused on the differences in social behaviour 

among children and adolescents with Spina Bifida and those without the condition. Using 

a MANOVA, Holbein et al. (2014) found that the groups were significantly different in 

terms of interaction style. In addition, children and adolescents with Spina Bifida were 

less mature, spoke with less clarity, demonstrated more off-task behaviour, stated their 

opinions less confidently, and provided fewer explanations for their opinions.  Rose and 

Holmbeck (2007) had found that children with Spina Bifida have deficiencies in social 

adjustment. Using the parent and teacher ratings for the BRIEF and Self-Perception Profile 

for Children (SPPC), and the social skills rating scale, Rose and Holmbeck (2007) showed 

that children with Spina Bifida had difficulties in social adjustment in addition to executive 

function. The authors suggested that the association between social difficulties and Spina 

Bifida status in children might be mediated by neurocognitive deficits.  
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In this current study, the linear regression model of parent/guardian reports of total 

difficulties showed no significant association between any of the known covariates of 

children with or without Spina Bifida. However, the association was significant for the 

covariates and the group in the teacher ratings, when each covariate was entered into 

the model separately. The mean SDQ total difficulties score, which is indicative of overall 

behavioural difficulties, from the teachers’ report for children with Spina Bifida was 10-

11 units higher than that of children without Spina Bifida of a similar age (model 1), whose 

mothers had a similar level of education (model 2), living in a similar socio-economic area 

(model 3) and whose mothers were of a similar age at the time of their birth (model 4).  

Each unit increased the score in the teacher Total Difficulties score and corresponded 

with an increase in the risk of developing behavioural difficulties. These findings suggest 

that situational factors such as socioeconomic status and parental education levels play a 

role in determining behavioural outcomes for children with Spina Bifida. However, due to 

small sample size the estimates are not precise with wide CIs. 

 

In this study, the results of the logistic regression for the mean SDQ total difficulties score 

found no significant association between the covariates and the group in the 

parent/guardian. However, findings from the logistic regressions used in this study should 

be interpreted with more caution. A dichotomous operationalization in logistic regression 

has loss of information with generation of very low absolute frequencies. Due to the 

reduced number of individuals in each cell, the odds ratios are overestimated, and the 

confidence intervals are very wide, showing no association between the cases/controls 

and the outcomes. Although a significant association was not found, children with Spina 
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Bifida had a higher risk (OR>1) of developing behavioural problems than children without 

Spina Bifida in parents report (Table 4.15).  

 

Previous research has also found that children with Spina Bifida experience difficulties in 

behavioural outcomes. Vaccha and Adams (2005) assessed behavioural styles and 

temperament utilising a cross-sectional study of responses from primary caregivers of 26 

children with MMC and hydrocephalus and 26 controls. The age range spanned between 

7 and 16 years and those with MMC-H showed differed on adaptability, withdrawal, 

approach, distractibility and attention persistence, besides rhythmicity. The study found 

that behavioural outcomes and styles were directly impacted by the extent of spinal 

lesions and clinical complications. However, although the results from this study tend to 

support the research by Vaccha and Adams (2005), the comparison of present study with 

the findings of Vachha and Adams (2005) is limited due to the lack of medical data of 

study participants.  

 

6.2.1 Comparison of mean SDQ total difficulties scores with normative mean for SDQ 
total difficulties score in UK population 

Unlike BRIEF2, which has a T-score of 50 for all children aged 5-11 years, SDQ does not 

have a single normative mean score for all children. Thus, given that the majority of 

participants were girls, the mean SDQ total difficulties scores of female study participants 

aged between 5 and 10 years were compared to the normative mean for SDQ total 

difficulties score in UK population for that age group of girls only. The mean score of the 

study sample was higher compared to the normative mean for UK children based on the 
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parental reports (EHCAP 2014). In turn, it is not possible to state that scores from 

teachers’ report are different, since the mean of the British normative sample lies within 

the 95% confidence interval of the study sample (Table 4.16).  

 

There is a different result observed in Table 4.11 and Table 4.16 for comparison of mean 

SDQ total difficulties score with the normative mean for parent and teacher ratings. 

However, it was not expected that there would be similar results given that the 

comparison of means did not account for the hierarchical structure of the data, especially 

for teachers where one teacher assessed more than one student in the same class. Table 

4.11 shows that the comparison of mean scores was between a small convenience sample 

from the study to a probability sample (UK) (EHCAP 2014), and in Table 4.16, the 

comparison of mean scores was within two groups from a convenience sample. 

 

6.3 Educational Outcomes in Children 

The third objective of the study was to investigate the educational outcomes in children 

with Spina Bifida. This was accomplished through comparing this group to a control group 

of children without the condition studying in the same class. The results from teacher 

reports in relation to academic outcomes using TAAS report suggested that the majority 

(>69%) of children with Spina Bifida were performing as well as the expected average for 

the class in I.T. and Art and Design. Over half of the children with Spina Bifida performed 

either at or above average in Geography, Science, and Design and Technology, while a 

similar proportion reported poor results in English, Mathematics and History compared 

to children without Spina Bifida. Significant differences were also found between the two 
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groups in these three subjects.  These findings suggest that the difficulties found among 

children with Spina Bifida exist within specific subject areas, specifically curriculum 

courses in English, Mathematics, and history. The comparisons outcomes with previous 

studies are discussed in this section.  

 

First, the findings from this study regarding the difficulties experienced by children with 

Spina Bifida in relation to Mathematics are supported by previous research. Barnes and 

colleagues (2011) found similar findings among children with Spina Bifida at 36 months 

and 60 months. Based on Barnes et al.’s (2011) findings, preschool children with Spina 

Bifida had more difficulties in mathematical tasks apart from transforming quantities into 

sizeable ranges. However, the children in the typically developing group had significantly 

higher SES, compared to the mainly Hispanic children with Spina Bifida (Barnes et al. 

2011).  Children’s phonological awareness, visual-spatial, and fine motor skills at five 

years of age were differentially associated with their object-based arithmetic skills at age 

three. Object-based arithmetic abilities in children with Spina Bifida and those who 

developed normally were uniquely related to their motor skills (Barnes et al. 2011). In 

another study, Hassinger-Das et al. (2014) found children with improved EF capabilities 

displayed greater improvements in math performance at kindergarten and first grade at 

practical and scientific subjects. The researchers investigated domain-general linked skills 

as mediators between the relationships of kindergarten number sense and first-grade 

mathematic skills. Using multiple regression analyses, 107 children showed attention 

problems and EF were unique predictors of mathematical outcomes. Attention problems 

were critical in predicting first-grade calculation performance, while EF was important in 
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predicting performance on applied problems. According to Hassinger-Das et al. (2014), 

both EF and attention problems were unique partial mediators of the relationship 

between first-grade mathematical skills and kindergarten skills. Their results offered 

empirical support for developing interventions and targeting EF and attention problems 

regarding kindergarten and first-grade mathematics skills, besides instruction in number 

skills for kindergarteners with low number sense initially.  

 

The findings from this current study also support previous research by Raghubar et al. 

(2015), who found that children with MMC had similar educational outcomes in terms of 

arithmetic but scored poorly on standardized, approximate arithmetic subjects compared 

to typically developed children. Raghubar et al. (2015) also found that children with MMC 

had significantly different performances in orientating attention compared to typically 

developed children, but executive and alerting attention was similar. In addition, 

Raghubar et al. (2015) suggested that verbal working memory and fine motor skills acted 

as mediators in the relationship between group type and arithmetic. The relation of the 

group to fluency in maths was also mediated by visual-spatial working memory and fine 

motor skills. Similar results were also reported by Rose and Holmbeck (2007) among 

adolescents with Spina Bifida who had difficulties with attention and numbers, focused 

attention and planning. Rose and Holmbeck (2007) demonstrated that when intellectual 

functioning is controlled in children with Spina Bifida, they show greater deficiency in 

executive and attention functioning. The authors also suggested that the children’s 

executive and attention deficits are predictors of the presence of social adjustment 

difficulties. Rose and Holmbeck (2007) concluded that adolescents with Spina Bifida 
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demonstrate clear attention impairment, which, may negatively influence their 

educational outcomes and ability to socialize.  

 

It is important to note that research has found that the children with improved EF 

capabilities have showed a greater improvement in their math performance in 

kindergarten as well as in their first grade, especially in scientific and practical subjects 

(Hassinger-Das et al. 2014). In addition to this, children with improved EF capabilities 

adapt new ideas in the preparation for Science (Zaitchik et al. 2014), and that he 

mathematical education process relies on cognitive skills for understanding and 

knowledge in problem-solving (Van der Ven et al. 2012). Thus, the impact of Spina Bifida 

on educational outcomes is demonstrated in the present study and it should continue to 

be included in the agenda of research focused on cognitive and behavioural outcomes.  

 

6.4 Strengths and Limitations of the Study 

For this study, Northern Ireland was a suitable country in which to conduct this research 

as the country has the highest rate of live births with Spina Bifida in both the United 

Kingdom and Western Europe, thus enabling potential access to a large sample of 

children. The research team had coordinated with Shine (to identify the potential 

participants), which is the only national charity which offers support, before birth and 

beyond, to anyone living with Spina Bifida and/or hydrocephalus across England, Wales 

and Northern Ireland. At the time of data collection, Shine had records for more than 90% 

of children born with Spina Bifida in Northern Ireland between 2006 and 2012 (Chapter 

3, Section 3.6). However, it could not be ascertained if other socio-demographic 
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characteristics such as area of deprivation, mother’s age, and education level of non-

participants were different from those who participated in the study.  

 

The study has made reporting on the comparison of cognitive outcomes on children with 

Spina Bifida with the children without Spina Bifida, and as well as with normative scores 

for BRIEF2, which is not usually reported in studies.  Moreover, the study attempted an 

investigation of a broad range of outcomes on children with Spina Bifida together, 

namely, cognitive, behaviour and education. The data included ratings from mothers 

only, which elicits an advantage over the cross report across mother or father, or any 

other primary caregiver because it increases reliability of ratings. The children without 

Spina Bifida were selected from the same school and class as the children with Spina 

Bifida which provided opportunity to make comparisons of these two groups of children 

in same study environment.  

 

This study is one of the very few studies considering a separate sample of children in the 

age range corresponding to middle childhood with assessments made in collaboration 

with both parents/guardians and teachers; however, the very low level of participation in 

the study significantly limits the outcomes under investigation. Therefore, all findings of 

this study should be treated as theoretical or pilot findings.  

For a case-control study design, a sample size of 20 pairs of children with and without 

Spina Bifida was required, therefore the analysis was limited to a cross-sectional study 

design. So, the results are from unmatched analysis adjusted for variables- age of child, 
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mother’s education, child’s area of deprivation, and mother’s age at the birth of child in 

the linear and logistic regression, one at a time only. Therefore, the analysis has potential 

residual confounding with only a single covariate in the model. It could not mutually 

control for the different confounding variables, and not be able to identify how the 

confounding variables influence (together) the outcome of interest.  

 

One-to-one matching for gender and date of birth was also not possible due to the 

unequal number of participants in the two groups of children. The analysis of the child’s 

area deprivation using his/her post code is also limited by the fact that this is an area-

based measure that does not allow for the identification of deprivation specific to 

individuals; there may be deprived people living in deprived areas while others who are 

not deprived may live in deprived areas.  

 

Caution is required when comparing the outcomes measured, as the data may be skewed 

due to the participation of two children without Spina Bifida from the same class. In 

addition, the parent/guardian report for one of the children without Spina Bifida 

identified clinically elevated difficulties in the BRIEF2 GEC and SDQ total difficulties score, 

As the researcher did not receive consent from the teacher for this child, it is unclear 

whether the teacher would also have rated the child as having a similar level of 

difficulties. This may have contributed to the perception amongst teachers that children 

with Spina Bifida experience more difficulties when compared with the outcomes in 

children without Spina Bifida.  
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The outcomes measured in this study are associated with several risk factors such as 

lesion level, number of shunt revisions, seizures history, age, ethnicity, SES, family stress, 

and family environment (Argento et al. 2011; Fletcher et al. 2008; Wasserman and 

Holmbeck 2016). Thus, it was expected that group membership would predict differences 

in the cognitive, behavioural and educational outcome and assist in group specific 

profiling of all outcomes. Due to very low participation in the study, it was not practical 

to execute the original plan to extract medical data for children with Spina Bifida from the 

BHSCT. Future research should include this information through inclusion of   larger 

cohort studies to see the impact of these factors such as: type of Spina Bifida, 

presence/absence of hydrocephalus on children’s cognitive, behavioural and educational 

outcomes. 

 

Group discussion and survey with stakeholders 
Overall, in both quantitative and qualitative approaches, respondents were asked to 

provide their opinions about the value of or reasons for participating in Spina Bifida 

studies. These discussions and findings were quantified under the theme Research 

matters which pointed toward the need for more education for parents and teachers and 

for a broader understanding of Spina Bifida.  

 

These findings suggested that Spina Bifida research still had a long path ahead in terms of 

better grasping its developmental pathways, treatment outcomes, efficacious support 

measures and experiential journeys. However, there were comments which raised doubts 
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about whether the knowledge of Spina Bifida was as precarious as described here. 

Namely, four mothers did not support that the knowledge generated by the main study 

had actually been personally useful. Specifically, two survey respondents were educated 

on the topic of Spina Bifida.  Given these answers, the present study had a shortfall in 

revealing any new knowledge. There was also a lack of the Spina Bifida symptoms’ 

diversity reported, which is also seen as a drawback in this study.  

 

Finally, the divergence of observations on cognitive, behavioural and educational 

outcomes about Spina Bifida between different parts of this project cannot be resolved 

through the present study. A new study, seeking to identify different and wider 

aetiologies of Spina Bifida, together with the assessment of cognitive, behavioural and 

educational outcomes, would be more adequate and revealing. 

 

6.5 Strengths and limitations of the group discussion and survey with 
stakeholders   
The present study, with their very modest participation of three stakeholders for the 

group discussion and four mothers for the survey, are far from having reached 

“informational redundancy or theoretical saturation” (Sandelowski 2008, p.194), which is 

the main goal of qualitative research (Marshall et al. 2013; Sandelowski 2008). The 

findings of the present study are also far from having reached any known threshold of 

satisfactory representativeness, argued to assure the reliability and validity of established 

conclusions and most often achieved through random sampling and greater sample sizes 

(Onwuegbuzie and Collins 2007; Park and Jung 2009; Petersen et al. 2005).   
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The sample size was limited and is likely not representative of Spina Bifida populations in 

the UK or elsewhere (Fugard and Potts 2015). The results are not likely to be transferrable 

but are a cross-sectional representation of a sample in a space of time and gives some 

indication of their opinions and knowledge on the topic. The research could be improved 

by performing larger, also quantitative studies which would include surveys and could 

compare different parent or teacher groups. It is also not clear if those individuals that 

participated in this study had more to say about Spina Bifida, and a further bias of the 

validity of their claims can be applied.   

 

As further suggested by Onwuegbuzie and Collins (2007), adequate sample sizes for these 

designs range from three and five. This would be enough for detecting “moderate effect 

sizes with 0.80 statistical power at the 5% level of significance” (Onwuegbuzie and Collins 

2007, p. 288). Case studies can also be used to study and generalise from special cases, 

common cases and even single cases (Kennedy 1979; Lee 1989). Although not conceived 

as such, there are, ad-hoc, some aspects) within the present study (such as that two 

participants form a well-known Spina Bifida charity in the UK) that fit the definition of a 

case study representative of the opinions of stakeholders of children with Spina Bifida 

undergoing regular care. 

 

For one, there was limited heterogeneity of data collection methods, corresponding data 

analysis methods, stakeholders’ roles, and symptoms of children with Spina Bifida in this 

study. But the interviewed mother was very expressive in regard to this heterogeneity of 

the research subject as a whole: “For Spina Bifida, it's such a variety of needs, it can go 
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from one extreme to the other, where’s my son, he does not look anything wrong he has 

with him, (…) but where there's children who are very obviously got spina bifida got a 

disability. It is such a big variety of different of the needs of them.”   

This is an aspect that could be further researched in the future, because the educational 

approach for parents or teachers could differ based on the degree of perceived or 

experienced disability. 

 

This heterogeneity (discussed in the preceding section which is also as indicative of a gap 

in knowledge) was once viewed as a threat to the validity, reliability and trustworthiness 

of studies. Yet, used properly, it can become strength instead (Lorenc et al. 2016), such 

as by contributing to the clarification of the scope of variability of the research object. 

Every effort was made during data analysis to reach consistency, such as through the 

assignment of broad themes to respondents’ discussions. The purpose was assuring that 

each theme represented, the opinions of participants as close as possible, covering 

through its broad scope, different angles or perspectives of the same topic, and thereby 

added heterogeneity to that observation. That is, whatever trustworthiness concerns 

seemed to have been solved by the strategy of analysing longer textual units (vs. words), 

and, thus, more implicit (vs. explicitly verbalized) meanings, and not establishing very thin 

categories, containing one or two references within. Data saturation was not reached. 

 

Mother’s first intervention in the stakeholders’ discussion group is a better example of 

the advantages of this solution:   
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“I would second that, yes that's why I would I would sort of trying to any kind of research 

that again participate in, coz that's how people are going to know and I am fine now I find 

you would have allowed to behavioural difficulties but some people arguing that it's not 

Spina Bifida or maybe he's got autism or maybe he’s got this, but anyway you're going to 

find out is to see what everybody else how many other people in the same way which don't 

need to research today to get that if that makes sense.” 

 

The only longer unit that could be analysed with moderate trustworthiness in this 

(comparatively) long remark was “some people arguing that it's not Spina Bifida or maybe 

he's got autism or maybe he’s got this”. This unit denoted two themes. The first was 

concerned with an expressed desire of knowing more about the disease and its clinical 

presentations. According to the mother and Shine staffs, Spina Bifida could be confused 

with pathology other clinical conditions, including autism. Thus, this very same sentence 

implicitly denoted that the study of Spina Bifida could benefit from investigating 

symptoms, rather than diagnoses, principally with younger children with a yet uncertain 

diagnosis.  

 

6.6 Analysis approach had the recruitment for minimum sample size 
required was met 

A sample size calculation was performed for the original planned study. Considering the 

BRIEF2 GEC as the main outcome of the study for 80% power, 5% two-sided significance 

level and aiming to detect a 10% difference between the groups (cases vs. controls), it 
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was estimated that 20 pairs of children with Spina Bifida and children without Spina Bifida 

should be selected.  

 

Due to low response from parents/guardians, it was not possible to reach the desired 

sample size. Only 27 individuals were included in this study (19 children with Spina Bifida 

and 8 children without Spina Bifida). If we had achieved the desired sample size, cases 

and controls would be matched according to sex and date of birth (1:1 matching) in order 

to control for any differences regarding these aspects. In addition to the matching, the 

statistical analysis would have included covariates such as, mother’s age at the birth of 

child, mother’s education, child’s area of deprivation, additional support for child in 

school and child’s medical characteristics in order to control for residual confounding. 

Depending on number of participants to be received and under rule of thumb for 

regression of 10 participants per predictor variable, a stepwise hierarchical regression 

would have been conducted to identify relevant confounding variables to be added to the 

adjusted analyses (Nathans et al. 2012).   

 

Because the sample size was low, this increased the probability of making a Type II error 

and reduced the ability to find differences in mean scores for BRIEF2 and SDQ between 

the children with Spina Bifida and children without Spina Bifida. In addition, a larger 

sample size would have yielded more precise results compared to those currently 

presented in this study, and the chances for detecting smaller group differences would 

have increased.  
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Regarding statistical analyses, if the sample size had been larger a conditional logistic 

regression model with robust standard errors would have been fitted. The conditional 

logistic regression would be used to estimate crude and adjusted odds ratio comparing 

cases to controls, while accounting for the 1:1 matching between the groups. The 

advantage of using a conditional logistic regression over a regular logistic regression is 

that it would account for the lack of independence between matched pairs of cases and 

control; using a regular logistic regression would not be appropriate since the assumption 

of independence between observations would be violated (Cameron and Miller 2015). 

Also, the model would be adjusted using robust standard errors in order to account for 

the nesting of students under teacher ratings who is approaching rating in the same way. 

The robust standard errors would be important to precisely estimate standard errors 

(Mason 2002; Yang et al. 2019).  

 

By using a conditional logistic regression model, the chances of residual confounding 

would have been reduced. The selection of covariates and confounding factors for 

adjustment using a conceptual model approach would guarantee the estimation of 

unbiased results (Victora et al. 1997). Also, the stepwise insertion and removal of 

covariates would allow to identify which factors are more relevant to increase the 

goodness of fit, and to generate more precise results with narrower confidence intervals. 

There would be a higher chance for the detection of an association between covariates 

and outcome variables in the logistic regression models.   The effect of cognitive and 

behavioural outcomes in the prediction of education could have also been tested 
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conditionally if the sample size had been adequate by applying the above random effect 

models while including the factors associated with cognitive and behavioural outcomes.  

 

6.7 Contribution to knowledge and recommendations for practice, policy 
and further research   

Effective evidence-based interventions that nurture executive functioning through   

support for deficits identified in cognitive processes and behaviour facilitate self-

regulation in a child and help them succeed in school (Blair and Raver 2014; Diamond and 

Ling 2016). There are multiple pathways to cognitive and behavioural abilities, success in 

school, and resilience in life (Rose et al. 2013). Because there is variability between 

individuals, an individual focus is necessary as well as examination of average scores, 

especially those reported by studies that have not included all the factors influencing the 

outcomes (Bergman and Vargha 2013; Rose et al. 2013; Fischer and Bidell 2006).  

 

The results from the current study are based on parent/guardian and teacher reports on 

a small sample of children and this makes it difficult to make recommendations for policy.  

Although, the study identified a potential need for evidence-based interventions to assist 

children with Spina Bifida in the cognitive areas of Working Memory and performance in 

English, Mathematics, and History. Future research should include large-scale 

longitudinal studies to confirm these findings, including evaluation of more condition-

specific and protective factors.  
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To understand the pathways of the outcomes in this study, future research should focus 

on the interaction of these outcomes within a larger, longitudinal study. The growing 

body of research on child executive functioning and independence highlights the fact that 

the skill set on which better executive functioning in children depends is vulnerable to 

unbuffered stress (Cantor et al. 2018). This stress may arise from the presence of medical 

conditions and comorbidities, and from environmental influences such as 

parental/caregiver or teacher stress and low socioeconomic status. Children may be more 

flexible and benefit the most in an enriched supportive environment and in response to 

interventions with a better understanding of co-occurring deficits (Johnson et al. 2017; 

Keating 2016); for instance, future research could include how children with Spina Bifida 

deal with deficits in working memory in combination with poor performance in 

Mathematics.   

 

6.7.1 Future direction for cognitive, behavioural, and educational outcomes 

Cognitive ability involves mental functions, such as intellectual abilities, while learning 

from experiences, which change throughout an individual’s development (Puerta 2015). 

Educational knowledge focuses on intelligence, psychological capacity, and brainpower 

in the areas of understanding concepts. Behavioural skills reflect on the personal 

characteristics developed by circumstances and situations. Future research can focus on 

the interdependency of the three abilities to demonstrate their importance in child 

development.  
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Future research could also focus on the inconsistencies between teacher and parent 

ratings to determine the reasons for these differences. One possible reason is that 

teachers might have more implicit biases concerning children with Spina Bifida compared 

to parents, who are more accepting of the difficulties that children with Spina Bifida 

experience.  

 

Neuropsychologists assess numerous cognitive domains to develop a profile of the 

person’s strengths and weaknesses, then use this profile as the basis for recommending 

appropriate interventions. Similarly, clinicians use profiles based on the research 

literature to design group interventions.  Interventions based on the current literature 

address the typical profile of deficits; however, these broad-based interventions may not 

match an individual’s specific deficits. Given that children with Spina Bifida are a 

heterogeneous group, such interventions may not be appropriate for all or even most 

participants in the group (Fletcher and Dennis 2009).   By identifying subgroups of children 

with Spina Bifida through a large-scale study, the design of tailored interventions is 

possible to address the different types of cognitive weaknesses within the larger group. 

 

Integrated neurological structures can maintain cognitive actions through brain-training 

(BT). BT is a systematic review of regular activities aimed at improving an individual’s 

cognitive abilities. Performance on curricular activity games and educational reading, 

such as Science and Mathematics, can be enhanced through BT. A study by Wexler et al. 

(2016) revealed that brain warm-up priming games improved an individual’s curricular 
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performance. BT effectiveness varies among persons depending on their cognitive ability 

and learning capabilities. Future research using a larger sample size can examine the 

effectiveness of BT when used with children with Spina Bifida.  

 

6.8 Conclusions from the study 

It is important to say that this study was able to invite all eligible 70 parents/guardians of 

children with Spina Bifida with an aim to assess child’s cognitive, behavioural and 

educational outcomes. Due to very low number of responses, the analysis work could 

only work with a small pool of data. Therefore, the results of this study should be taken 

with extreme caution, and that it is difficult to make any meaningful conclusion about the 

findings.   

 

There were no differences in terms of children's executive skills such as planning, 

inhibitory control skills but the study identified maybe a bit of an issue with memory 

according to both the parent/guardian and teacher reports. This supports previous 

research with mixed group of children and adolescents with Spina Bifida reported on 

struggle with maintaining information short-term and in juggling other tasks while 

memorizing new information. 

 

There were no heightened issues with behaviour, but there were group differences for 

Peer Problems and overall behavioural difficulty in the teacher reports. It is possible that 

teachers reported greater difficulties in children with Spina Bifida primarily because they 
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have observed that children have a wide repertoire of skills and assess the outcomes for 

these children against this standard. In addition, the academic curriculum imposes 

cognitive, behavioural and educational demands on children when delivered in the school 

environment and assessed by teachers. Assessment of children by their 

parents/guardians at home does not involve comparison against the higher demands 

within a school environment.  

 

Educational and cognitive abilities demonstrate similar characteristics, so there is a high 

level of dependency on these abilities during learning. For instance, children with lower 

understanding capabilities are more likely to miscomprehend information during 

Mathematics and Sciences learning. In a Mathematics context, it is important to explore 

working memory, and behavioural abilities, such as personal attitudes and interests, to 

determine points of weaknesses. Children with mathematical problems require a 

developed relationship between cognitive and behavioural skills as an intervention 

process to improve a grasp of the subject concepts. The interrelation pattern for 

mathematical understanding begins with cognitive skills followed by behavioural and 

educational abilities. 

 

Children with heightened EF capabilities have showed a greater improvement in their 

math performance in kindergarten as well as in their first grade, especially in scientific 

and practical subjects. This study found a higher proportion of children with Spina Bifida 

performing at expected average or above average for his/her class for I.T., Art and Design, 
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and Design and Technology suggesting that these children were performing similarly for 

practical subjects. Half of the children scored as having either average or above average 

performance expected of his/her class in Geography and Science. However, children with 

Spina Bifida were below average in English, Mathematics and History compared to 

children without Spina Bifida. Future research involving greater sample of children with 

Spina Bifida is essential to confirm these findings. It is reiterated that all findings of this 

study need to be taken with extreme caution. 

 

6.9 Conclusions from group discussion and survey with stakeholders 

Overall, the group discussion and survey with stakeholders shared a light on strategies 

for enhancing the recruitment of children with Spina Bifida and their caregivers. An 

example was targeting special care schools. The challenge of targeting special care 

schools is safeguarding and ethical challenges on the one hand, representativeness of the 

Spina Bifida patient population on the other. Additional challenges include school 

practices which can already have healthcare practices and provide particular 

opportunities for individuals. It is not clear how their practices and approaches differ from 

other schools or institutions. Other potential factors that influenced this research could 

have been individuals’ responses to speaking about potentially private and sensitive 

matters or topics, the timeframe in which the participants were able to share the 

information with the researcher and the way this research fits into a broader context of 

the school operation or the existing academic research about Spina Bifida.  In sum, 

researchers would benefit from broadening their strategies, reaching out to more, as well 

as less autonomous children – and, by extension, more, or less autonomous families. 
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Some of these strategies are easy to implement, such as using online, telephone, postal 

and collective face-to-face recruitment strategies which are also cost-effective and can 

be conducted relatively quickly. Simultaneously, suggestions for future research topics 

and areas of interest were made. Some of these aspects referred to the development of 

Spina Bifida across age spans, and its diverse phenotypes and care demand. 
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Appendix 1: Search Strategy for systematic search for literature around cognitive. 
Behavioural and educational outcomes in children with Spina Bifida 
Database(s): PsycINFO 1806 to December 31, 2017 

# Searches Results 

1 spina bifida/ 849 

2 spinal dysraphism.mp. 24 

3 meningocele.mp. 37 

4 meningomyelocele.mp. 69 

5 spina bifida.mp. 1144 

6 1 or 2 or 3 or 4 or 5 1190 

7 neurodevelopmental disorders/ 2131 

8 neurodevelopment*.mp. 13664 

9 7 or 8 13664 

10 exp childhood development/ 97157 

11 
(child$ adj3 develop$).mp. [mp=title, abstract, heading word, table of contents, key 

concepts, original title, tests & measures] 
127830 

12 10 or 11 145962 

13 
physical development/ or motor development/ or neural development/ or prenatal 

development/ 
20076 

14 
(development adj3 (physical or motor)).mp. [mp=title, abstract, heading word, table 

of contents, key concepts, original title, tests & measures] 
13840 

15 
perceptual motor processes/ or perceptual motor coordination/ or sensory 

integration/ 
18773 

16 psychomotor performance.mp. 1296 

17 Physical Activity/ 17918 

18 
(physical adj3 activity).mp. [mp=title, abstract, heading word, table of contents, key 

concepts, original title, tests & measures] 
35905 

19 
(motor adj3 activity).mp. [mp=title, abstract, heading word, table of contents, key 

concepts, original title, tests & measures] 
8550 

20 walking/ 5039 

21 
(walking or sitting).mp. [mp=title, abstract, heading word, table of contents, key 

concepts, original title, tests & measures] 
20309 

22 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 104190 

23 Personality Development/ 10476 
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24 psychosocial development/ 18008 

25 emotional development/ 7171 

26 
(development adj3 (social or emotional)).mp. [mp=title, abstract, heading word, 

table of contents, key concepts, original title, tests & measures] 
30232 

27 "activities of daily living"/ 5665 

28 activities of daily living.mp. 15094 

29 
(personal adj3 development).mp. [mp=title, abstract, heading word, table of 

contents, key concepts, original title, tests & measures] 
6056 

30 23 or 24 or 25 or 26 or 27 or 28 or 29 71659 

31 cognition/ 31846 

32 exp cognitive development/ 59096 

33 
(cognitive adj3 development).mp. [mp=title, abstract, heading word, table of 

contents, key concepts, original title, tests & measures] 
37823 

34 cognition.mp. 103223 

35 exp perception/ 323411 

36 intuition/ 2859 

37 
(intuition or perception).mp. [mp=title, abstract, heading word, table of contents, 

key concepts, original title, tests & measures] 
349661 

38 
(verbal adj3 reasoning).mp. [mp=title, abstract, heading word, table of contents, key 

concepts, original title, tests & measures] 
1657 

39 non verbal reasoning.mp. 175 

40 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 579215 

41 exp language development/ 25906 

42 exp speech development/ 3141 

43 
(development adj3 language).mp. [mp=title, abstract, heading word, table of 

contents, key concepts, original title, tests & measures] 
32049 

44 
(development adj3 speech).mp. [mp=title, abstract, heading word, table of 

contents, key concepts, original title, tests & measures] 
4724 

45 41 or 42 or 43 or 44 35727 

46 12 or 22 or 30 or 40 or 45 807356 

47 6 and 46 344 

48 exp behavior/ 1108629 

49 behaviour.mp. 83506 

50 behavior.mp. 873214 
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51 exp impulse control disorders/ 1069 

52 conduct disorder/ 4242 

53 impulse control disorders.mp. 1564 

54 disruptive disorders.mp. 253 

55 conduct disorders.mp. 1556 

56 behavio* symptoms.mp. 4084 

57 anxiety disorders/ 17537 

58 anxiety/ 57945 

59 anxiety.mp. 215317 

60 child behavio* disorders.mp. 58 

61 exp attention deficit disorder/ 25698 

62 
(adhd or attention deficit).mp. [mp=title, abstract, heading word, table of contents, 

key concepts, original title, tests & measures] 
36225 

63 hyperkinesis/ 5426 

64 
hyperactiv*.mp. [mp=title, abstract, heading word, table of contents, key concepts, 

original title, tests & measures] 
43564 

65 anger/ 8764 

66 violence/ 29673 

67 aggressive behavior/ 24247 

68 
(anger or angry).mp. [mp=title, abstract, heading word, table of contents, key 

concepts, original title, tests & measures] 
35037 

69 violen*.mp. 91835 

70 aggress*.mp. 85269 

71 
48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 

or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 
1676041 

72 46 or 71 2191223 

73 exp education/ 325110 

74 education.mp. 447729 

75 exp schools/ 66268 

76 school*.mp. 440560 

77 73 or 74 or 75 or 76 768337 

78 72 or 77 2625596 

79 6 and 78 728 

80 limit 79 to ((160 preschool age or 180 school age ) and yr="2005 -Current") 143 
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Database(s): Embase 1974 to December 31, 2017  

# Searches Results 

1 exp spinal dysraphism/ 11246 

2 spina bifida.mp. 10876 

3 meningocele/ 2819 

4 meningocele.mp. 3336 

5 meningomyelocele.mp. 7328 

6 1 or 2 or 3 or 4 or 5 21051 

7 neurodevelopment*.mp. 40549 

8 child development/ 42620 

9 

(child$ adj3 develop$).mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

102382 

10 8 or 9 102382 

11 physical development/ 3171 

12 motor development/ 5737 

13 

(development adj3 (physical or motor)).mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading word, candidate term word] 

19805 

14 psychomotor performance/ or task performance/ 157622 

15 exp motor activity/ 501468 

16 physical activity/ 140528 

17 

(activity adj3 (physical or motor)).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

239260 

18 walking/ 62966 

19 

(walking or sitting).mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

154756 

20 sitting/ 19980 

21 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 833236 

22 
(development adj3 (social or emotional or personality)).mp. [mp=title, abstract, 

heading word, drug trade name, original title, device manufacturer, drug 
13659 
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manufacturer, device trade name, keyword, floating subheading word, candidate 

term word] 

23 daily life activity/ 82254 

24 activities of daily living.mp. 35482 

25 

(personal adj3 development).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

3008 

26 22 or 23 or 24 or 25 107863 

27 exp cognition/ 2062676 

28 cognitive development/ 6790 

29 

(cognitive adj3 development).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

15925 

30 cognition.mp. 270360 

31 perception/ 102916 

32 intuition/ 2436 

33 

(perception or intuition).mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

324556 

34 

((verbal adj3 reasoning) or non verbal reasoning).mp. [mp=title, abstract, heading 

word, drug trade name, original title, device manufacturer, drug manufacturer, 

device trade name, keyword, floating subheading word, candidate term word] 

1005 

35 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 2196842 

36 language development/ 14333 

37 speech development/ 2274 

38 

(development adj3 language).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

17786 

39 

(development adj3 speech).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

4445 

40 36 or 37 or 38 or 39 20699 

41 exp behavior/ 3778142 

42 behavio*.mp. 1817551 

43 anxiety/ 185037 
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44 anxiety.mp. 331526 

45 

(child adj3 behavio$ adj3 disorders).mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading word, candidate term word] 

675 

46 attention deficit disorder/ 55780 

47 

(adhd or attention deficit).mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

62038 

48 hyperactivity/ 19030 

49 hyperactiv*.mp. 79176 

50 anger/ 16359 

51 violence/ 44332 

52 aggression/ 51730 

53 

(anger or angry).mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

28175 

54 violen*.mp. 87632 

55 aggress*.mp. 296649 

56 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 4759917 

57 exp education/ 1335539 

58 exp school/ 341534 

59 school*.mp. 670665 

60 education*.mp. 1188448 

61 57 or 58 or 59 or 60 2020626 

62 7 or 10 or 21 or 26 or 35 or 40 or 56 5988452 

63 6 and 62 4389 

64 61 and 63 1046 

65 
limit 64 to (yr="2005 -Current" and (preschool child <1 to 6 years> or school child 

<7 to 12 years>)) 
292 

 
 
 
Database(s): Ovid MEDLINE(R) ALL 1946 to December 31, 2017  

# Searches Results 

1 exp Spinal Dysraphism/ 8044 
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2 spina bifida.mp. 8398 

3 Meningocele/ 2645 

4 Meningomyelocele/ 3947 

5 meningocele.mp. 3233 

6 myelomeningocele.mp. 3429 

7 1 or 2 or 3 or 4 or 5 or 6 17052 

8 exp Neurodevelopmental Disorders/ 171608 

9 "neurodevelopment*".tw. 28469 

10 8 or 9 192527 

11 exp Child Development/ 57079 

12 (child$ adj3 develop$).tw. 54085 

13 11 or 12 100953 

14 (development adj3 (physical or motor)).tw. 11672 

15 exp Psychomotor Performance/ 107746 

16 Motor Activity/ 94492 

17 (motor adj3 activity).tw. 18716 

18 (physical adj3 activity).tw. 98137 

19 Walking/ 30283 

20 (walking or sitting).tw. 83701 

21 14 or 15 or 16 or 17 or 18 or 19 or 20 375392 

22 Personality Development/ 12859 

23 (development adj3 (social or emotional)).tw. 9406 

24 "Activities of Daily Living"/ 61386 

25 activities of daily living.tw. 23746 

26 (personal adj3 development).tw. 2202 

27 22 or 23 or 24 or 25 or 26 96764 

28 exp Cognition/ 148827 

29 (cognitive adj3 development).tw. 8901 

30 cognition.tw. 59992 

31 Perception/ 32345 

32 (intuition or perception).tw. 152408 

33 ((verbal adj3 reasoning) or non verbal reasoning).tw. 788 

34 28 or 29 or 30 or 31 or 32 or 33 358188 
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35 exp Language Development/ 15055 

36 (development adj3 speech).tw. 2316 

37 (development adj3 language).tw. 5802 

38 35 or 36 or 37 20008 

39 10 or 13 or 21 or 27 or 34 or 38 1010009 

40 "behaviour*".tw. 262423 

41 "behavior*".tw. 877682 

42 Behavioral Symptoms/ 2405 

43 "Disruptive, Impulse Control, and Conduct Disorders"/ 2389 

44 Anxiety Disorders/ 31869 

45 anxiety.tw. 171036 

46 Child Behavior Disorders/ 19933 

47 exp "Attention Deficit and Disruptive Behavior Disorders"/ 30628 

48 (adhd or attention deficit).tw. 31239 

49 "HYPERACTIV*".tw. 54263 

50 Anger/ 7323 

51 Violence/ 29363 

52 Aggression/ 32090 

53 (anger or angry).tw. 17136 

54 "violen*".tw. 54219 

55 "aggress*".tw. 192750 

56 
40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 

or 55 
1530463 

57 7 and 56 453 

58 exp Education/ 769919 

59 exp Schools/ 110956 

60 education.mp. 852939 

61 school*.mp. 300365 

62 58 or 59 or 60 or 61 1230518 

63 39 or 56 or 62 3271790 

64 7 and 63 2067 

65 limit 64 to (yr="2005 -Current" and "child (6 to 12 years)") 420 
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Appendix 2: Search Strategy to find studies that used parent/guardian and/or teacher 
administered tools to assess cognitive and behavioural outcomes  
 
Database(s): Embase 1974 to April 30, 2017   

# Searches Results 

1 cognition/ 220009 

2 cognition.tw. 84145 

3 Perception/ 102916 

4 (intuition or perception).tw. 187689 

5 ((verbal adj3 reasoning) or non verbal reasoning).tw. 990 

6 (cognitive adj3 develop$).tw. 17887 

7 behaviour*.tw. 38424 

8 1 or 2 or 3 or 4 or 5 or 6 or 7 536820 

9 (tool$ or measur$ or assess$ or scale$ or instrument$ or screen$).tw. 8441066 

10 8 and 9 259529 

11 exp Parents/ 227059 

12 Legal Guardians/ 492 

13 Guardian$.tw. 9708 

14 Faculty/ 98553 

15 (parent$ or mother$ or father$).tw. 714600 

16 teacher$.tw. 48407 

17 11 or 12 or 13 or 14 or 15 or 16 898300 

18 10 and 17 22100 

19 Child/ 1582220 

20 child$.tw. 1605146 

21 19 or 20 2243009 

22 18 and 21 14626 

23 limit 22 to yr="2005 -Current" 12164 
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Database(s): Ovid MEDLINE(R) ALL 1946 to April 30, 2017  

# Searches Results 

1 exp Cognition/ 148827 

2 cognition.tw. 59992 

3 Perception/ 32345 

4 (intuition or perception).tw. 152408 

5 ((verbal adj3 reasoning) or non verbal reasoning).tw. 788 

6 (cognitive adj3 develop$).tw. 12916 

7 exp behaviour/ 171608 

8 neurodevelopment*.tw. 28469 

9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 539709 

10 (tool$ or measur$ or assess$ or scale$ or instrument$ or screen$).tw. 6454452 

11 9 and 10 216195 

12 exp Parents/ 103747 

13 Legal Guardians/ 2014 

14 Guardian$.tw. 6979 

15 Faculty/ 9307 

16 (parent$ or mother$ or father$).tw. 572961 

17 teacher$.tw. 41119 

18 12 or 13 or 14 or 15 or 16 or 17 636515 

19 11 and 18 26655 

20 Child/ 1617043 

21 child$.tw. 1300399 

22 20 or 21 2174757 

23 19 and 22 22196 

24 limit 23 to yr="2005 -Current" 16119 

 
Database(s): PsycINFO 1806 to April 30, 2017 

# Searches Results 

1 exp Cognition/ 34988 

2 cognition.tw. 86466 

3 Perception/ 22218 

4 (intuition or perception).tw. 192867 
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5 ((verbal adj3 reasoning) or non verbal reasoning).tw. 1535 

6 (cognitive adj3 develop$).tw. 28517 

7 behaviour*.tw. 13435 

8 1 or 2 or 3 or 4 or 5 or 6 or 7 325326 

9 (tool$ or measur$ or assess$ or scale$ or instrument$ or screen$).tw. 1543194 

10 8 and 9 121721 

11 exp Parents/ 87345 

12 Legal Guardians/ 0 

13 Guardian$.tw. 4253 

14 Faculty/ 10922 

15 (parent$ or mother$ or father$).tw. 351428 

16 teacher$.tw. 181775 

17 11 or 12 or 13 or 14 or 15 or 16 512780 

18 10 and 17 14900 

19 Child/ 0 

20 child$.tw. 684450 

21 19 or 20 684450 

22 18 and 21 8702 

23 limit 22 to yr="2005 -Current" 5585 
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Table 2a: Features of the tools identified in the studies assessing cognitive and behavioural outcomes in children including the studies 
they were identified from 

Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Strengths and 
Difficulties 
Questionnaire 
(SDQ) 
 
 
   

3-16  
 
 

Parents, Teachers, 
Interpretation by 
trained 
professionals 
 
Widely used in large 
epidemiological 
studies. 
 
Proved to be valid 
and helpful 
questionnaires for 
use in the 
framework of a 
multi-dimensional 
behavioural 
assessment, and 
appear to be well 
suited for screening 
purposes, 
longitudinal 
monitoring of 

Manfred Hintermair, 
(2013), 
Germany, 
Executive Functions and 
Behavioral Problems in 
Deaf and Hard-of-Hearing 
Students at General and 
Special Schools 
 
 
 
 
 
 
 
 
 
Harries et al. (2015), 
Australia, 
The long-term 
neurodevelopmental and 
psychological outcomes of 

To explore the behavioural 
problems of deaf and hard-of-
hearing   school-aged children. 
 
Teacher assessed children for 
communicative competence 
and behavioural problems 
using German version of the 
Strengths and Difficulties 
Questionnaire (SDQ-D). 
The mean age of the children 
was 12.4 (SD = 3.2)  
   
 
 
 
To assess the intellectual, 
behavioural and neurological 
outcomes of older children and 
adolescents born with 
gastroschisis. 

Yes. 
Can be administered 
by both 
parents/guardians and 
teachers. 
Covers the age group 
of children the study is 
interested to assess.  
 
Takes 10-15 minutes 
 
Free 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

therapeutic effects, 
and scientific 
research purposes. 
 
http://www.sdqinfo.
com/ 
 
Becker et al. (2004) 
Validation of the 
parent and teacher 
SDQ in a clinical 
sample. European 
Child and 
Adolescent 
Psychiatry, 13 Suppl 
2, II11-6. 
 
Multi-informant 
SDQs (parents, 
teachers, older 
children) identified 
individuals with a 
psychiatric diagnosis 
with a specificity of 

gastroschisis: A cohort 
study 
 
 
 
 
 
 
 
 
 
 
Collishaw et al. (2016), 
UK 
Mechanisms of resilience 
in children of mothers who 
self-report with depressive 
symptoms in the first 
postnatal year. 
 
 
 
 
 

Median age at follow-up was 
10 years (range 5–17). 
Parents or guardians 
completed the Strengths and 
Difficulties Questionnaire 
(SDQ); this is a commonly used 
behavioural screening 
questionnaire for children. 
 
 
To determine the mechanisms 
of resilience 
in children exposed to 
depressive symptoms 
postnatally. 
Exposed children who scored 
above the median score of 
non-exposed children were 
defined as resilient.  
The SDQ total 
difficulties scores at 11 years of 
age. 
 
 

http://www.sdqinfo.com/
http://www.sdqinfo.com/
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

94.6% (95% CI 94.1-
95.1%) and a 
sensitivity of 63.3% 
(59.7-66.9%)  
 
Reference- 
Goodman R, Ford T, 
Simmons H, 
Gatward R, Meltzer 
H (2000) Using the 
Strengths and 
Difficulties 
Questionnaire (SDQ) 
to screen for child 
psychiatric disorders 
in a community 
sample. British 
Journal of 
Psychiatry, 177, 534-
539. 

 
 
Quach et al. (2015), 
    Australia, 
Is child sleep timing 
associated 
with child and parent outco
mes? Australian 
population-based study. 
 
Bakopoulou and Dockrell 
(2016), 
UK, 
The role of 
social cognition and 
prosocial behaviour in 
relation to the socio-
emotional functioning of 
primary aged children with 
specific language 
impairment. 
 
 
Jo et al. (2015), 

To determine if sleep timing 
profiles were associated with 
poorer child, maternal and 
paternal outcomes. 
(9-17 years) 
 
 
 
The social cognition skills of a 
group of primary-
aged children (6-11 years old) 
with Specific Language 
Impairment (SLI) were 
examined in relation to 
their teachers' ratings of socio-
emotional functioning.  
 
 
 
 
 
Associations between maternal 
prepregnancy obesity and child 
neurodevelopment. 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

USA, 
Maternal prepregnancy 
body mass index 
and child psychosocial deve
lopment at 6 years of age. 
 
 
 
 
 
Cheatham et al. (2011), 
    Turkey, 
Evaluation of 
social cognition in children 
of bipolar parents. 
Ucok Demir N.; Perdahli Fis 
N. 2015 
Denmark 
Fish oil supplementation 
during lactation: Effects 
on cognition and behavior 
at 7 years of age. 
 
Abu-Rayya and Yang (2012), 

 Children's development was as
sessed by maternal report 
of child psychosocial difficulties
 from the 
Strengths and Difficulties Ques
tionnaire. 
  
 
To explore social 
responsiveness and 
social cognitive abilities, as 
possible endophenotypal 
features, in bipolar offsprings 
aged between 9 and 18 years. 
Strengths and Difficulties 
Questionnaire, for emotional 
and behavioral problems. 
 
  
To examine whether fish oil 
(FO) supplementation during 
lactation affects processing 
speed, working memory, 
inhibitory control, and 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

    Australia, 
Emotional and Behavioral 
Problems and Their 
Underlying Risk Factors 
Among Children in New 
South Wales, Australia 
Hisham  
 

socioemotional development 
at 7 years. 

Behavior Rating 
Inventory of 
Executive 
Functions 
(BRIEF) 
 
 

5-18 
 
 
 

Parents, Teachers 
Professionals 
 
The mean test-
retest correlation 
coefficient for 
clinical scales was 
.79 (range = .67-.92) 
over an average 
time interval of 
nearly 3 weeks 
(Gioia et al. 2015) 
 
Parent rating 
correlations range 
from .67 to .92 (M = 

Kesmodel et al. (2012), 
Denmark, 
The effect of different 
alcohol drinking patterns in 
early to mid-pregnancy on 
child’s intelligence, 
attention and executive 
function 
 
 
 
 
 
 
 
 

Lifestyle During Pregnancy 
Study (LDPS) 
To conduct a combined 
analysis of the estimated 
effects of maternal average 
weekly alcohol consumption 
and any binge drinking in early 
to mid-pregnancy on general 
intelligence, attention, and 
executive functions in five-year 
old children. 
Follow-up study. 
Total of 3478 women, Source- 
Danish National Birth Cohort 
(DNBC) between 2003 and 
2008. 

Yes. 
Can be administered 
by both 
parents/guardians and 
teachers. 
Covers the age group 
of children the study is 
interested to assess. 
 
Takes 10-15 minutes 
to complete 
 
To be purchased 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

0.79). Index and 
composite score 
correlations are all 
above .80 (BRI = .83, 
ERI = .82, CRI = .89, 
and GEC = .88).  
Teachers report 
showed correlation 
coefficients ranging 
from .76 to .89 (M = 
0.82), while index 
and composite 
scores were again all 
above .80 (BRI = .83, 
ERI = .89, CRI = .89, 
and GEC = .90). 
 
Inter rater 
reliability- 
Correlation 
coefficients for the 
parent report and 
teacher report 
group had mean 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-  Self-administered 
questionnaire using (Behavior 
Rating Inventory of Executive 
Function (BRIEF) Parent Form 
mailed to the mothers to fill 
out information about 
postnatal health and 
development.  
The BRIEF Teacher Form 
mailed to the schoolteachers. 
Strength- Mothers IQ was 
assessed using Wechsler Adult 
Intelligence Scale (WAIS) and 
the Raven’s Standard 
Progressive Matrices.  
Limitations- only results for the 
parents’ BRIEF was reported in 
the analyses due to low 
participation by teachers. 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

0.64 for the typically 
developing sample 
(range = .55 to .72) 
and 0.34 for the 
clinical sample 
(range = .24 to .49).  
(Gioia et al. 2015) 
 
Concurrent validity- 
comparisons 
indicated moderate 
to strong relations 
between the BRIEF2 
and the Child 
Behavior Checklist 
(CBCL), Behavior 
Assessment System 
for Children, Second 
Edition (BASC-2), 
Conners Third 
Edition (Conners-3), 
and ADHD Rating 
Scale IV (ADHD-RS-
IV) 

 
 
 
 
Hintermair (2013), 
Germany, 
Executive Functions and 
Behavioral Problems in 
Deaf and Hard-of-Hearing 
Students at General and 
Special Schools 
 
 
 
 
 
 
 
 
Vuong et al. (2016), 
USA, 
Prenatal polybrominated 
diphenyl ether and 
perfluoroalkyl substance 

To explore the behavioral 
problems of deaf and hard-of-
hearing   school-aged children   
Assessment of children by 
teachers using a German 
version of the Behavior Rating 
Inventory of Executive 
Functions (BRIEF-D).  
The mean age of the children 
was 12.4 (SD = 3.2)  
 
 
 
Prenatal exposure to 
polybrominated diphenyl 
ethers (PBDEs) and 
perfluoroalkyl substances 
(PFASs) and neurodevelopment 
in children ages 5 and 8 years.  
Higher BRIEF scores indicate 
executive function 
impairments. 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

 
Reference- Hendrick
son, N.K. and 
McCrimmon, A.W. 
(2019) Test Review: 
Behavior Rating 
Inventory of 
Executive Function®, 
(BRIEF® 2) by Gioia, 
GA, Isquith, PK, Guy, 
SC, & Kenworthy, L. 
 
Parent report:  
‘r’ values ranging 
from .48 to .67 on 
the ADHD-RS-IV,  
 
.33 to .45 on the 
CBCL,  
 
–.67 (adaptive skills) 
to .75 on the BASC-2 
PRS  
and 

exposures and executive 
function in school-
age children. 
 
 
 
 
 
Bull et al. (2014), 
UK, 
Child-related characteristics 
predicting subsequent 
health-related quality of life 
in 8-to 14-year-
old children with and 
without cerebellar tumors: 
A prospective longitudinal 
study. 
 
 
Demir and Fis (2015), 
Turkey, 

 
Children aged 8 –14  
Parent and teacher-report of 
the child’s executive function 
in everyday life using the 
Behaviour Rating Inventory of 
Executive Function (BRIEF) 
 
 
 
 
 
 
To explore social 
responsiveness and 
social cognitive abilities, as 
possible endophenotypal 
features, in bipolar offsprings 
aged between 9 and 18 years. 
Behavior Rating Inventory of 
Executive Function, for 
executive functions 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

.17 to .50 on the 
Conners 3-P(S).  
 
Teacher report: 
‘r’ values ranging 
from .61 to .71 on 
the ADHD-RS-IV, 
 
 .49 to .81 on the 
CBCL-TRF,  
 
–.63 (adaptive skills) 
to .80 on the BASC-2 
TRS  
and 
.36 to .61 on the 
Conners 3-T(S). 
 
Reference- Hendrick
son, N.K. and 
McCrimmon, A.W. 
(2019) Test Review: 
Behavior Rating 
Inventory of 

Evaluation of 
social cognition in children 
of bipolar parents 
     
 
 
 
 
 
Burnet et al. (2015), 
Australia, 
Executive function in 
adolescents born <1000 G 
or <28 weeks: A 
prospective cohort study. 
 
 
 
 

To extend the limited data on 
EF in EP/ELBW survivors in 
adolescence compared with 
normal birth weight controls, 
and to determine changes in EF 
between ages 8 and 17 years in 
both groups.  
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Executive Function®, 
(BRIEF® 2) by Gioia, 
GA, Isquith, PK, Guy, 
SC, & Kenworthy, L. 
 
 

Woodcock 
Johnson: Tests 
of Cognitive 
Abilities  

2 years 
to the 
oldest 
adults 

a wide variety of 
cognitive skills, 
Teacher 

Oberg (2007), 
USA, 
Assessing executive 
functioning in children with 
a hearing loss  
 
Bub et al. (2011), 
USA, 
Children's sleep and 
cognitive performance: a 
cross-domain analysis of 
change over time. 
 

Data was collected from the 
Educational Evaluator, 
throughout the 2005-2006 
school year  
 
 
 
To see the relations between 
changes in cognitive 
performance and changes in 
sleep problems were examined 
in children (8-9 years) over a 3-
year period.  
 

Yes. Can be 
administered by 
teachers, but the 
assessment is said to 
be possible on wider 
age group, which may 
affect validity for 
specific set of 
population like 
children. 
 
  
 

Social Skills 
Rating System 
[SSRS]  

 3-18 
years 

It has three scales: 
1) Social Skills Scale: 
Cooperation; 
Assertion; 

Allen et al. (2014), USA, 
Association of the family 
environment with 
behavioural and cognitive 

To examine the social 
functioning of children with 
chromosome 22q11.2 deletion 
syndrome 

Yes, serves the 
purpose to assess 
behavioural outcome 
by both 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Responsibility; 
Empathy; Self-
Control Problem  
 
2) Behaviors Scale: 
Externalizing 
Problems; 
Internalizing 
Problems; 
Hyperactivity  
 
3) Academic 
Competence Scale 
 
It has parent, 
teacher, and student 
(3rd through 12th 
grade) 
questionnaires; 
items are rated by 
frequency and 
importance 
 

outcomes in children with 
chromosome 22q11.2 
deletion syndrome 
 

parent/guardians and 
teachers. 
Covers the age group 
of children the study is 
interested to assess. 
 
Takes about 30 
minutes to complete 
which is longer than 
SDQ. 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

In ADHD sample, no 
significant relation 
was found between 
the different raters 
(r=.05–.06).  
 
In normal sample, a 
moderate 
correlation was 
found between child 
and parent ratings 
(r=.42). Low 
association between 
parent and teacher 
ratings (r=.28). 
 

Eyberg Child 
Behavior 
Inventory (ECBI) 
and the 
SutterEyberg 
Student 
Behavior 

2-16 
years 

Parents complete 
the ECRI, while 
teachers complete 
the SESBIR.  

Sweenie et al. (2014), 
USA,  
Parent-child relationships in 
Type 1 diabetes: 
associations 
among child behavior, 
parenting behavior, and 
pediatric parenting stress. 

To examine associations 
among child problem 
behaviors, critical parenting 
behaviors, and pediatric 
parenting stress in a sample of 
preadolescent youth with type 
1 diabetes. 

Can be administered 
by both parents and 
teachers 
Covers the study’s 
focus age group 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Inventory – 
Revised (SESBIR)  

 

      
Social 
Responsiveness  
Scale  

4-18 
years 

Parent and/or 
teacher rating scale  

Ucok and Perdahli (2015), 
Turkey 
Evaluation of 
social cognition in children 
of bipolar parents. 
 
 

To explore social 
responsiveness and 
social cognitive abilities, as 
possible endophenotypal 
features, in bipolar offsprings 
aged between 9 and 18 years. 
 

Yes. Can be 
administered by both 
parents/guardians and 
teachers 

Wisconsin Card 
Sorting Test 
Computer 
Version   

7-89 
years 

psychologists, teach
ers and parents 

Oberg (20070, 
USA 
Assessing executive 
functioning in children with 
a hearing loss  
 

 Yes, can be completed 
by both parents and 
teachers. However, 
the assessment is said 
to be possible on 
wider age group, 
which may affect 
validity for specific set 
of population like 
children. 
 

Parents 6-18 
years 

emotional, 
behavioural, and 
social problems 

Sarrechia et al. (2016), 
UK, 

To assess the long-term 
neuropsychological and 
behavioural profile of school-

Yes. Can be 
administered by both 
parents and teachers. 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

completed Child 
Behavior 
Checklist (CBCL) 
 
Now called the  
Achenbach 
System of 
Empirically 
Based 
Assessment 
(ASEBA) 

The school-age 
assessment forms 
CBCL/6-18, 
completed by 
parents or 
surrogates; the 
TRF/6-18, 
completed by 
teachers and other 
school staff 
 
High inter-
interviewer 
reliability, >0.9, 
Concurrent validity= 
0.77 (CSDC parent 
report) 
Reference- Warnick, 
E.M., Bracken, M.B. 
and Kasl, S. (2008) 
Screening efficiency 
of the Child 
Behavior Checklist 
and Strengths and 

Neurocognitive developme
nt and behaviour in school-
aged children after surgery 
for univentricular or 
biventricular congenital 
heart disease. 
 
Cardonick et al. (2015), 
Iran, 
Development of children 
born to mothers with 
cancer during pregnancy: 
comparing in utero 
chemotherapy-exposed 
children with nonexposed 
controls. 
 

aged children who were 
treated for univentricular heart 
(UVH) conditions or 
biventricular heart defect 
(BiVH) in infancy in a cross-
sectional study design. 

Covers the study’s 
focus age group. 
 
Free access. 
 
However, SDQ was 
preferred over it based 
on the report that it is 
significantly better 
than the CBCL for the 
detection of 
inattention and 
hyperactivity. 
 
Reference- Goodman, 
R. and Scott, S. (1999) 
Comparing the 
Strengths and 
Difficulties 
Questionnaire and the 
Child Behavior 
Checklist: is small 
beautiful? Journal of 
Abnormal Child 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Difficulties 
Questionnaire: A 
systematic 
review. Child and 
Adolescent Mental 
Health, 13(3), 140-
147. 
 

Psychology, 27(1), 17-
24. 

Leiter 
International 
Performance 
Scale 

Non-
verbal 
test of 
intellige
nce and 
cognitiv
e 
abilities 
for ages 
3-75 
years 
 

IQ and Logical ability 
 
 

Oberg (2007), 
USA, 
Assessing executive 
functioning in children with 
a hearing loss  
 

 Yes. Can be 
administered by both 
parents/guardians and 
teachers. 
Covers the study’s 
focus age group. But 
the assessment is said 
to be possible on 
wider age group, 
which may affect 
validity for specific set 
of population like 
children. 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Conners’ Parent 
Rating Scales  

6–18 for 
the 
parent 
and 
teacher 
forms 

The Conners CBRS 
parent and teacher 
forms assess 
behaviors, 
emotions, academic, 
and social problems 
in children from the 
age of 6–18.  
When used in 
conjunction with 
teacher ratings, 
differences between 
home and school 
are highlighted. 
 

Chung et al. (2016), 
South Korea,  
Improved behavior after 
adenotonsillectomy in 
children with higher and 
lower IQ. 
 

To examine whether high 
intellectual ability, in 
comparison to average or 
lower performance, reflects 
the consequences of sleep-
disordered breathing and limits 
behavioral benefit observed 6 
months after 
adenotonsillectomy. 

Yes. Can be 
administered by both 
parents/guardians and 
teachers. 
Covers the study’s 
focus age group.  
 
Long version takes 90 
minutes, short version 
5 minutes 

Pediatric Quality 
of Life Inventory 
(PedsQL) 
 
 
 

(Ages 2-
18; Child 
Self-
Report A
ge 5-7, 
8-12, 
13-
18; Pare
nt 

Parent 
(internal consistency 
for PedsQL α range 
is .74–.93; Vs BRIEF 
α range, .82–.98 
and test-retest 
reliability 
(PedsQL r range, 
.75–.90 and 

Bull et al. (2014), 
UK,  
Chid-related characteristics 
predicting subsequent 
health-related quality of life 
in 8-to 14-year-
old children with and 
without cerebellar tumors: 

Health-related quality of life 
(HRQoL) in children aged 8 –14 
years who were treated for 2 
common types of paediatric 
brain tumours. 

Yes. Can be 
administered only by 
parents/guardians 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Proxy-
Report A
ge 2-4, 
5-7, 8-
12, 13-
18) 
 

BRIEF r range, .82–
.92) 
Reference- 
McCarthy, M.L., 
MacKenzie, E.J., 
Durbin, D.R., Aitken, 
M.E., Jaffe, K.M., 
Paidas, C.N., 
Slomine, B.S., 
Dorsch, A.M., Berk, 
R.A., Christensen, 
J.R. and Ding, R. 
(2005) The Pediatric 
Quality of Life 
Inventory: an 
evaluation of its 
reliability and 
validity for children 
with traumatic brain 
injury. Archives of 
Physical Medicine 
and 
Rehabilitation, 86(1
0), 1901-1909. 

A prospective longitudinal 
study. 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

 
Stanford-Binet 
Intelligence 
Scale 

2 years 
and 
above 

intelligence 
and cognitive 
abilities in children 
and adults 
 
  

Chung et al. (2016), 
South Korea  
Improved behavior after 
adenotonsillectomy in 
children with higher and 
lower IQ.  
   

To examine whether high 
intellectual ability, in 
comparison to average or 
lower performance, reflects 
the consequences of sleep-
disordered breathing and limits 
behavioral benefit observed 6 
months after 
adenotonsillectomy. 
 

Wider age group, 
which may affect 
validity for specific set 
of population like 
children. 
 

Battelle 
Developmental 
Inventory 
Screening Test 

Birth-7 
years 11 
months 

Personal-Social, 
Adaptive, Motor, 
Communication, and 
Cognitive   

Ottenbacher et al. (2005), 
USA 
Functional assessment and 
care of children with 
neurodevelopmental 
disabilities.  

    Functional assessment and    
    care of children 

Does not cover all ages 
in the study’s focus 
group   

      
Functional 
Independence 
Measure for 
Children 
(WeeFIM 
instrument) 

6 
months- 
7 years 

motor and cognitive 
subscores 

Ottenbacher et al. (2000), 
USA, 
Functional assessment and 
care of children with 
neurodevelopmental 
disabilities. 

 Does not cover all ages 
in the study’s focus 
age group 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

 
Repeat Cross 
Sectional 
analysis 
assessed 
cognitive ability 
scores of 
children 

  Neil et al. (2015), 
UK, 
Ethnic differences in 
cognitive development in 
the first 7 years: does 
maternal generational 
status matter? 
 

Assessment of cognitive ability 
scores of children aged 3, 5 
and 7 years. 
UK Millennium Cohort Study   

Does not cover all ages 
in our focus age group 

Parents' 
Evaluation of 
Developmental 
Status- 
Developmental 
Milestones 
(PEDS:DM)  

0 to 8 
years 
 

different 
developmental 
domain (fine motor, 
gross motor, 
expressive language, 
receptive language, 
self-help, social-
emotional, and for 
older children, 
reading and math) 

Pritchard et al. (2012), 
Australia,  
Parents' evaluation of 
developmental status 
(PEDS:DM) and the 
parenting relationship in 
children born very preterm. 
 

The study examined the 
association between parent-
reported child developmental 
status, psychosocial- risk and 
the parenting-relationship in 
very pre-term children. 

Does not cover all ages 
in our focus age group 

Behavior 
Assessment 
System for 
Children (BASC) 

 
2-22 
years 

It comprises of the 
Teacher Rating 
Scales (TRS) and the 
Parent Rating Scales 
(PRS). 

Phelan et al. (2015), USA  
Patient and parental 
perspectives on long-term 
adaptive, behavioral and 
functional outcomes 

To study parental and/or 
patient perspectives of 
adaptive, behavioral, 
emotional and executive 

Wider age group 
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Tool Age 
(years) 

Features 
(Administered by)  

Country and Study that 
used the tool 

Study Design and Study Aim Is it meeting our 
criteria for selection? 
Time taken 
Access – Free or to be 
purchased 

Scored by trained 
professional 

following allogeneic 
hematopoietic cell 
transplantation for 
inherited metabolic 
disorders.  
 

functioning in Inherited 
Metabolic Diseases. 

Pediatric 
Symptom 
Checklist-17 
(PSC-17) 
 

4-18 
years 

Emotional and 
behavioural 
problems  
completed by 
parents 

Koc et al. (2016), 
USA,  
School Performance and 
Neurodevelopment of Very 
Low Birth Weight Preterm 
Infants. 
 

Assessment of 
neurodevelopment in Infants 
born with- 
birth weight less than 1500 g 
and/or gestational age <32 
weeks evaluated after the first 
year of elementary school. 

Completed by parents 
only 

      
Ages and Stages 
Questionnaire 
(ASQ) - 2nd Ed  

0-60 
months 

Parents  
Questionnaire 
scored by 
professionals.  

Bello et al. (2013), 
Ghana,  
Screening for 
developmental delay 
among children attending a 
rural community welfare 
clinic in Ghana. 
 

To do periodic screening for 
developmental delays (DD). 

Could be only 
completed by parents. 
Does not cover all ages 
in the study’s focus 
age group 
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Table 2b: Screening tools that could not be used by parent/guardian and/or teachers 
Tools Study articles reviewed 
Wechsler Scales for 
Intelligence 
(Wechsler Preschool and 
Primary Scale of Intelligence, 
Wechsler Intelligence Scale 
for Children) 

Accornero, Veronica H; Anthony, James C; Morrow, Connie E; Xue, Lihua; Mansoor, Elana; Johnson, Arnise L; 
McCoy, Clyde B; Bandstra,Emmalee S. Estimated effect of prenatal cocaine exposure on examiner-rated behavior 
at age 7 years. 
Tureczek, I., Caflisch, J., Moehrlen, U., Natalucci, G., Bernet, V. and Latal, B., 2012. Long‐term motor and cognitive 
outcome in children with congenital diaphragmatic hernia. Acta Paediatrica, 101(5), 507-512. 
Alarcon,Ana; Martinez-Biarge,Miriam; Cabanas,Fernando; Hernanz,Angel; Quero,Jose; Garcia-Alix,Alfredo  
Clinical, biochemical, and neuroimaging findings predict long-term neurodevelopmental outcome in symptomatic 
congenital cytomegalovirus infection. 
Allen, T. M; Hersh, J; Schoch, K; Curtiss, K; Hooper,S.R.; Shashi, V. Association of the family environment with 
behavioural and cognitive outcomes in children with chromosome 22q11.2 deletion syndrome 

Wechsler Abbreviated Scale 
of Intelligence: WASI 

Biggs,Sarah N.; Vlahandonis,Anna; Anderson,Vicki; Bourke,Robert; Nixon,Gillian M.; Davey,Margot J.; 
Horne,Rosemary S C.  
Long-term changes in neurocognition and behavior following treatment of sleep disordered breathing in school-
aged children. 

Memory: Rey Auditory-
Verbal Learning Test (RAVLT), 
Delayed recall version of Rey 
Complex Figure Test (Rey 
CFT- delayed recall). 

Long-term outcome in children with low grade tectal tumours and obstructive hydrocephalus Aarsen, Femke. 
European Journal of Paediatric Neurology Volume: 18 Issue 4 (2014) ISSN: 1090-3798 

Developmental 
Neuropsychological 
Assessment (NEPSY) 

Accornero, Veronica H; Anthony, James C; Morrow, Connie E; Xue, Lihua; Mansoor, Elana; Johnson, Arnise L; 
McCoy, Clyde B; Bandstra,Emmalee S.  
Estimated effect of prenatal cocaine exposure on examiner-rated behavior at age 7 years. 

Wechsler Individual 
Achievement Test (WIAT) 

Accornero, Veronica H; Anthony, James C; Morrow, Connie E; Xue, Lihua; Mansoor, Elana; Johnson, Arnise L; 
McCoy, Clyde B; Bandstra,Emmalee S. TitleEstimated effect of prenatal cocaine exposure on examiner-rated 
behavior at age 7 years. 

Beery Developmental Test of 
Visual-Motor Integration  
(Beery VMI) 

Albert, B.B., Heather, N., Derraik, J.G., Cutfield, W.S., Wouldes, T., Tregurtha, S., Mathai, S., Webster, D., Jefferies, 
C., Gunn, A.J. and Hofman, P.L., 2013. Neurodevelopmental and body composition outcomes in children with 
congenital hypothyroidism treated with high-dose initial replacement and close monitoring. The Journal of Clinical 
Endocrinology & Metabolism, 98(9), pp.3663-3670. 
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Diagnostic Interview 
Schedule for Children 

Allen, T. M; Hersh, J; Schoch, K; Curtiss, K; Hooper,S.R.; Shashi, V. Association of the family environment with 
behavioural and cognitive outcomes in children with chromosome 22q11.2 deletion syndrome 

Diagnostic and Statistical 
Manual of Mental Disorders 

 

Anckarsater,H.; Hofvander,B.; Billstedt,E.; Gillberg,I C.; Gillberg,C.; Wentz,E.; Rastam,M.  
The sociocommunicative deficit subgroup in anorexia nervosa: autism spectrum disorders and neurocognition in 
a community-based, longitudinal study. 

The Woodcock–Johnson III 
Tests of Cognitive Abilities 
(WJ-III) Verbal 
Comprehension test 

Anderson, Vicki; Beauchamp, Miriam H; Yeates, Keith Owen; Crossley, Louise; Hearps,Stephen J.C.; Catroppa, 
Cathy  
Social competence at 6 months following childhood traumatic brain injury. 

Kaufman Assessment Battery 
for Children (KABC) 
 

Bangirana, Paul; Allebeck, Peter; Boivin, Michael J; John, Chandy C; Page, Connie; Ehnvall,Anna; Musisi, Seggane 
Cognition, behaviour and academic skills after cognitive rehabilitation in Ugandan children surviving severe 
malaria: A randomised trial. 
Rieger Fackeldey, E; Blank, C; Dinger, J; Steinmacher, J; Bode,H.; Schulze, A.  
Growth, neurological and cognitive development in infants with a birthweight <501 g at age 5 years. 

Wide Range Achievement 
Test  

Bangirana, Paul; Allebeck, Peter; Boivin, Michael J; John, Chandy C; Page, Connie; Ehnvall,Anna; Musisi, Seggane  
Cognition, behaviour and academic skills after cognitive rehabilitation in Ugandan children surviving severe 
malaria: A randomised trial.  

The Beery-Buktenica 
Developmental Test of Visual 
Motor Integration  

Collett,Brent R.; Speltz,Matthew L.; Cloonan,Yona Keich; Leroux,Brian G.; Kelly,Judith P.; Werler,Martha M.  
Neurodevelopmental outcomes in children with hemifacial microsomia. 

Stanford-Binet II memory 
tests 

Kerr, S.J., Puthanakit, T., Vibol, U., Aurpibul, L., Vonthanak, S., Kosalaraksa, P., Kanjanavanit, S., Hansudewechakul, 
R., Wongsawat, J., Luesomboon, W. and Ratanadilok, K., 2014. Neurodevelopmental outcomes in HIV-exposed-
uninfected children versus those not exposed to HIV. AIDS care, 26(11), pp.1327-1335. 

Test of Everyday Attention 
for Children (TEA-Ch)  

Kikkert, Hedwig K; de Jong,Corina; Hadders Algra, Mijna  
Minor neurological dysfunction and cognition in 9-year-olds born at term. 
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Appendix 3: BRIEF2 Parent Form 
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Appendix 4: BRIEF2 Teacher Form 
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Appendix 5: Strengths and Difficulties Questionnaire (SDQ) for parent/guardian and teacher   
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Appendix 6: Form for the teacher to record Key Stage scores for the child in the school following 
national curriculum 

 

Please circle one appropriate for the child:   Key Stage     1                  2 

 

Subjects Raw score Scaled score 

Mathematics   

English reading   

English grammar, punctuation and 

spelling 
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Appendix 7: Teacher Academic Attainment Scale (TAAS) form   
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Appendix 8: Invitation letter to parent/guardian from the research team endorsed by SHINE 
                                                                                                                                              

                                             
                                                                                                                                                                         

                                                                                                                  Date: _______________________ 
Invitation to take part in study entitled “Thinking skills, behaviour and education in children aged 5-11 years with 
Spina Bifida in Northern Ireland”  
 
Dear Parent/Guardian, 

 
We are a research team based at Ulster University who are working with the Spina Bifida, Hydrocephalus, Information, 
Networking, Equality [SHINE] organisation.  We would like to invite you to take part in a research study on children 
with Spina Bifida in Northern Ireland.  We wish to measure the thinking skills, behaviour and education in 5-11 year-
old children with Spina Bifida.  
 
You have been chosen as you have a child with Spina Bifida born between 2006 and 2012 (now aged 5-11 years), you 
are living in NI and are in contact with SHINE. We are inviting parents/guardians and teachers of all children born with 
Spina Bifida aged 5-11 years to take part in the study. A person at SHINE has identified you from their records and has 
sent this invitation to you.  The research team do not have any personal details on you or your child.  
 
We have included a Participant Information Sheet (PIS) which tells you about the study. If you have any further 
questions please contact a member of the research team using the contact details on the PIS.   
 
The research team and SHINE wish to know more about thinking skills, behaviour and education in children with Spina 
Bifida compared to children without the condition. This information will be of benefit to parents/guardians of children 
with Spina Bifida and may help to improve health care and education. The study has been approved by SHINE, Ulster 
University’s Institute of Nursing and Health Research (INHR) Governance Filter Committee and the South West – 
Exeter Research Ethics Committee.  Approval is being sought from Belfast Health and Social Care Trust (BHSCT).  
We hope you will take part in the study. 
    
Yours sincerely,  
 
 
Dr. Karen Casson 
Chief Investigator 
Institute of Nursing and Health Research  
Ulster University, Jordanstown 
BT37 0QB Tel: 02890 368293  
Email: k.casson@ulster.ac.uk 
  
 

Marie McGonnell 
Health Adviser 

SHINE PO Box 132, Cushendall 
BT44 0WA 
Tel: 07789 616420 
Email: marie.mcgonnell@shinecharity.org.uk  
Spina Bifida • Hydrocephalus • Information • Networking • Equality - 
SHINE 
 www.shinecharity.org.uk/NorthernIreland  

 
  

mailto:k.casson@ulster.ac.uk
mailto:marie.mcgonnell@shinecharity.org.uk
http://www.shinecharity.org.uk/NorthernIreland
http://www.ulster.ac.uk/
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Appendix 9: Participant Information Sheet (PIS) for parent/guardian of child with Spina Bifida  
 

                            
 

Study Title: “Thinking skills, behaviour and education in children aged 5-11 years with Spina Bifida in Northern 
Ireland”  
 
We are a research team based at Ulster University who are working in partnership with the Spina Bifida, 
Hydrocephalus, Information, Networking, Equality [SHINE] organisation. We would like to invite you to take part in 
a research study on children with Spina Bifida in Northern Ireland. The study will collect information on 
approximately 150 children. Please read the following information about the study and take time to decide whether 
or not you wish to take part. After reading this information sheet you may wish to discuss your participation in this 
study with family, friends and/or your child’s General Practitioner (GP). 

What is the purpose of the study?  
The purpose of the study is to investigate the effect of Spina Bifida on thinking skills, behaviour and education for  
5-11 year-olds.  
 
Why have I been chosen?  
You have been chosen as you have a child with Spina Bifida born between 2006 and 2012 (now aged 5-11 years), 
you are living in NI and are registered with SHINE.   
  
Do I have to take part? 
Taking part in this study is completely voluntary. Even after deciding to take part, you may choose not to answer 
some of the questions or to withdraw at any time. The information already collected will be kept by the research 
team for use in the study. 
 
What will happen to me if I take part?   
If you agree to take part in the study, please sign the two copies of the attached consent form and return one to the 
research team at Ulster University in the stamped addressed envelope provided.   After receiving your signed consent 
form, we will send you a booklet to be completed.  The booklet contains two forms: the Behaviour Rating Inventory 
of Executive Function, second edition (BRIEF-2) for measuring thinking skills and the Strengths and Difficulties 
Questionnaire (SDQ) for measuring behaviour in children.  A short questionnaire about you and your child is   
included as the education of parents and where they live may affect the child. Your postcode will be only used to 
know more about the area you live in. This information will help us to compare children who have Spina Bifida and 
those without the condition. It should take no longer than 30 minutes to complete this booklet and you will receive 
a stamped addressed envelope to return the completed booklet to the research team at Ulster University. 
 
Are there any possible benefits in taking part? 
You will receive a report containing the scores for your child’s thinking skills, behaviour and education together 
with average scores for children in the same age and gender group. If your child’s scores are not as expected, you 
may wish to contact one of the support organisations listed below.    
 
The information you provide will help us to better understand the best time for support to be put in place to help 
to improve the thinking skills, behaviour and education development of children with Spina Bifida.   
 

http://www.ulster.ac.uk/
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Are there any risks and/or disadvantages in taking part? 
There will be no distress to your child as you will complete the booklet at home and the teacher will complete the 
booklet in school. If you have any concerns, you may wish to discuss your child’s report with their General 
Practitioner (GP) and/or teacher.     
 
Will my taking part in this study be kept confidential? 
No individual child or school will be named in any report.  All information on you and your child will be locked away 
securely at Ulster University during the study.  When the study is finished, all information will be kept securely by 
Ulster University for a further 10 years after which it will be destroyed.  
 
What happens when the study ends? 
All parents/guardians and teachers who take part in the study will be invited to hear the results at an event 
organised with SHINE. For every two booklets completed by a teacher, £10 will be donated to SHINE by the 
researcher. The doctors at Belfast Health and Social Care Trust (BHSCT) are planning to carry out another study on 
children with Spina Bifida. If the study goes ahead, and you agree, a copy of your child’s thinking skills, behaviour 
and education information will be securely sent to the doctors in BHSCT. The Chief Investigator of the study will 
securely transfer this information to the doctors at BHSCT. 

If you withdraw from the study, your child’s data will not be transferred to the clinicians at the BHSCT.  

What if something goes wrong?  
As this study has been carefully planned by the research team and approved by the Institute of Nursing and 

Health Research Governance Filter Committee at Ulster University, the South West – Exeter Research Ethics 

Committee and SHINE and approval is being sought from BHSCT Research Governance department, it is unlikely 

that something will go wrong.  However, if something does go wrong, the university has procedures for 

investigating complaints. Further information on the complaints procedure can be found at the University’s 

“Research Ethics and Governance” webpage (Internet address: 

https://www.ulster.ac.uk/__data/assets/pdf_file/0011/75638/Complaints.pdf).  Any complaint or concerns 

should be made to the Chief Investigator for this study - Dr. Karen Casson or to the Head of Research Governance at 

Ulster University - Mr. Nick Curry (contact details are below). Complaints will be treated seriously and reported to 

the appropriate authority. 

What will happen to the results of the study? 
The results are part of a PhD study which will finish at the end of 2018.   Findings of the study will be presented at   
conferences. These results may also be used in a bigger study on children with Spina Bifida in Northern Ireland and 
the Republic of Ireland to improve care. 
 
Who is organising and funding the research? 
This research is being undertaken for a PhD, supervised by a team of experts at Ulster University, whose names and 
contact details are given below. The researcher has received funding from Ulster University to do this study. 
 
Who has reviewed this study? 
The Institute of Nursing and Health Research (INHR) Research Governance Filter Committee, the South West – 
Exeter Research Ethics Committee and SHINE have approved the study. Approval is being sought from Belfast 
Health and Social Care Trust (BHSCT).   
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If you have any questions or would like to discuss anything about this study, please use the contact details below. 
 

Contact details 
  
Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University  
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk  
 
Investigator: Dr. Maria Loane  
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 366480 or Email: ma.loane@ulster.ac.uk  
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
Tel:  02870 124395 or Email:  v.simms@ulster.ac.uk 
 
PhD Researcher: Mr. Yogesh Gopal Parajuli  
Institute of Nursing and Health Research, Ulster University  
Tel: 02890 368386 or Email: parajuli-y@email.ulster.ac.uk 
 
Research Governance Ulster University: 
Mr. Nick Curry (Head of Research Governance)  
Research Office, University of Ulster, Jordanstown 
Tel: 02890 366629 or Email: n.curry@ulster.ac.uk  

    
        Thank you for taking the time to read this information. If you wish to take part in this study please  
        sign the attached two consent forms and return one to the research team in the stamped addressed     
        envelope provided.  
 
        If you do not wish to take part in the study, we sincerely thank you for taking the time to read this  
        information.   

mailto:k.casson@ulster.ac.uk
mailto:ma.loane@ulster.ac.uk
mailto:v.simms@ulster.ac.uk
mailto:parajuli-y@email.ulster.ac.uk
mailto:n.curry@ulster.ac.uk


                                                      
 
  

 

365 
 

List of support organisations for child development in Northern Ireland/United Kingdom 

  Spina Bifida • Hydrocephalus • Information • Networking • Equality - SHINE 
  SHINE PO Box 132, Cushendall 
  BT44 0WA 
  Tel: 07789 616420 
  Email: marie.mcgonnell@shinecharity.org.uk  
  Website: www.shinecharity.org.uk/NorthernIreland 
 

Barnardos Northern Ireland 
542 - 544 Upper Newtownards Road 
Belfast, BT4 3HE 
Phone: 028 9067 2366 
Website: 
www.barnardos.org.uk/what_we_do/who_we_are/contact_us/national_regional_offices.htm 
  
Contact a Family Northern Ireland  
63-75 Duncairn Gardens  
Belfast  
BT15 2GB  
Phone: 028 9262 7552 
Email: nireland.office@cafamily.org.uk  
Website: https://www.cafamily.org.uk/  
 
I Can 
31 Angel Gate (Gate 5)  
Goswell Road 
London 
EC1V 2PT 
Phone: 020 7843 2510 
Email: info@ican.org.uk 
Website: http://www.ican.org.uk/  
 
Afasic    
1st Floor 
20 Bowling Green Lane 
London EC1R 0BD  
Helpline: 0300 666 9410 
Tel: 020 7490 9410 
Website:  https://www.afasic.org.uk/  

  

mailto:marie.mcgonnell@shinecharity.org.uk
http://www.shinecharity.org.uk/NorthernIreland
http://www.barnardos.org.uk/what_we_do/who_we_are/contact_us/national_regional_offices.htm
mailto:nireland.office@cafamily.org.uk
https://www.cafamily.org.uk/
mailto:info@ican.org.uk
http://www.ican.org.uk/
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Appendix 10: Participant Information Sheet (PIS) for child with Spina Bifida aged 10-11 years 

                                    

 

Please read this Participation Information 
Sheet to your child. This will tell them about 
our study. We want to check that they are 
happy for you and their teacher to fill out 
some forms about them. If they are happy 
with this, please tick the boxes on the 
attached consent form.   

 

Would you like to help us with the Spina 
Bifida Study? 

Your parents may have told you that you were 
born with Spina Bifida. We are a group of 
people who are doing a study to find out how 
children with Spina Bifida get on at primary 
schools. We are inviting you, your parent and 
your teacher to take part in this study. It is 
important that you understand why the study 
is being done and what you and your parents 
would be asked to do if you agree to take 
part. That is what this leaflet is for. 

  You and your parents can talk 
about the study with one of us if you want to 
find out more before you decide whether you 
would like to take part. It is your choice if you 
would like to take part and you can always 
change your mind. 
 
Why is the Spina Bifida study being done? 

We really want to know how children with 
Spina Bifida grow up.  
 

What will I need to do if I take part?   
You do not have to do anything. If you are 
happy, your parent and teacher will fill out a 
form.  
 

        
 
What happens at the end of the study? 
When we have finished the study we will 
know more about how children who have 
Spina Bifida are getting on at home and 
school. 
We will write about what we found out.   

 
What do I do next?  
If you are happy to take part, your parents will 
let us know and we will send forms to your 
parent and teacher to fill in. 
 
Thank you for reading this with your parent! 

http://www.ulster.ac.uk/
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Appendix 11: Participant Information Sheet (PIS) for child with Spina Bifida aged 8-9 years 

                                     

 

Please read this Participation Information 
Sheet to your child. This will tell them about 
our study. We want to check that they are 
happy for you and their teacher to fill out 
some forms about them. If they are happy 
with this, please tick the boxes on the 
attached consent form.   

 

Would you like to help us with the Spina 
Bifida Study? 

Your parents may have told you that you were 
born with spina bifida. We are a group of 
people who are doing a study to find out how 
children with Spina Bifida get on at school. We 
are asking you, your parent and your teacher 
to take part in this study. We want you to 
know why the study is being done and what 
you and your parents will do if you are happy 
to take part.  

  You and your parents can talk 
about the study with one of us if you want to 
find out more. It is up to you if you want to 
take part. You can change your mind. 
 

Why is the Spina Bifida study being done? 
We want to know how children with Spina 
Bifida grow up.  

 

What will I need to do if I take part?   
You do not have to do anything. If you are 
happy, your parent and teacher will fill out a 
form.  
 

         
 
What happens at the end of the study? 
When the study is over we will know more 
about how children who have Spina Bifida get 
on at home and school. 
 
We will write about what we found out.   

 
What do I do next?  
If you are happy to take part, your parents will 
let us know and we will send forms to your 
parent and teacher to fill in. 
 
Thank you for reading this with your parent! 

http://www.ulster.ac.uk/
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years 

                                     

 

Hello, my name is Yogi. 
Colour me in! 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
We want to find out how you get on at home 
and school. If you are happy I will ask your 
mummy/daddy and teacher to find this out.  
 
Your mummy/daddy and teacher will tell us 
about you. Are you happy with this? 
  

   

 
  
  
Your mummy/daddy and teacher will answer 
some questions about you.  

   
 
  
Thank you for reading this with your 

mummy/daddy! 

http://www.ulster.ac.uk/


  
 
 

 

 
 

Appendix 13:  Consent form for parent/guardian of child with Spina Bifida  
Study Title: “Thinking skills, behaviour and education in children aged 5-11 years with Spina Bifida in Northern 
Ireland”  

Chief Investigator: Dr. Karen Casson   
PhD Researcher:  Mr. Yogesh Gopal Parajuli 
                                Please ensure you tick either ‘Yes’ or ‘No’ for all the statements  

 Yes No 

• I confirm that I have read and understand the information given in the Participant 
Information Sheet for the above study and have asked and received answers to any 
questions raised.  

  

• I understand that my participation is voluntary and that I am free to withdraw at any 
time without giving a reason.  

  

• If I withdraw from this study at any point, I agree that any information already collected 
until that point will be kept in the study. 

  

• I understand that the researchers will hold all information collected in the strictest 
confidence and securely to ensure that I or my child cannot be identified as a 
participant in the study and I give permission for the researchers to hold relevant 
personal data. 

  

• I agree that the researcher can ask my child’s teacher to complete the booklet on my 
child. 

  

• I agree to allow the researcher to send a photocopy of this signed consent form to my 
child’s school Principal and class teacher so that they can see that I have agreed for the 
researcher to contact him/her.  

  

• I agree to allow the Chief Investigator of this study to access my child’s computerised 
records held on the Northern Ireland Electronic Care Record (NIECR) and/or medical 
notes in Belfast Health and Social Care Trust (BHSCT) to record information on 1) Type 
of Spina Bifida; 2) Lesion level on the vertebral column – thoracic, lumbar, sacral; 3) 
Presence of hydrocephalus [yes/no]; 4) Shunt placed on child [yes/no]; 5) If yes to Q4, 
Age at first shunt placed; and 6) Number of shunt revisions. 

  

• I allow the researchers to hold my child’s Health and Care number; this will be used to 
access the child’s medical notes at Belfast Health and Social Care Trust.  

  

• I allow the study’s chief investigator (Dr Karen Casson) to securely send the information 
on my child’s thinking skills, behaviour and education to a named doctor within the 
Belfast Health and Social Care Trust following ethical approval for a potential future 
study on the long-term outcomes of children with Spina Bifida. I understand that if I 
withdraw from the study, my child’s information will not be transferred to the doctors 
at the BHSCT. 

  

• I agree to take part in the above study.    

 
 
 

 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 



  
 
 

 

 
 

Agreement for child (assent) 
 

Please ensure you tick either ‘Yes’ or ‘No’ for all the statements 
 Yes No 

• I have discussed this study with my child using the child information sheet and my child 
has agreed to allow me to complete a form about them. 

  

• I have discussed this study with my child using the child information sheet and my child 
has agreed to allow their teacher to a complete a form about them. 

  

 
 
 
Please provide the name of your child’s Principal, class teacher and name and address of the school your child 
attends.  
Name of the Principal:                     _____________________________________ 
Name of the teacher:                       _____________________________________ 
Name and address of the School including postcode:  _____________________________________ 
                                                                                                _____________________________________ 
 
Please provide child’s name, address with postcode, date of birth and Health & Care number. 
Name and address of the child:      _____________________________________ 
                                                              _____________________________________ 
        _____________________________________ 
        _____________________________________ 
 

 
 
 
 
 

 
 
______________________________     ______________________            _____________________ 
Name of Parent/Guardian                                       Signature                                               Date 

 
Address of Parent/Guardian with postcode, if different from that of child 
__________________________________ 
__________________________________ 
__________________________________ 
__________________________________ 
 
 
________________________________     ______________________            ______________________ 
Name of researcher                                                     Signature                                            Date 
 
 
There are two copies of this consent form for your signature. Please sign both copies and return one in the stamped 

addressed envelope provided.  When your signed consent form is received, we will send you a booklet which we request you 

would please complete.  

 

Date of birth of child 
 

 

Health & Care number of child: 
      

 

  

  



  
 
 

 

 
 

Appendix 14: Ethical Approval received from SHINE 
From: Cathy McKillop <cathy.mckillop@shinecharity.org.uk> 
Sent: 17 November 2017 11:31 
To: Casson, Karen 
Subject: Re: Ethical application for project Cognitive, behavioural and educational outcomes in children aged 5-11 
years with Spina Bifida in Northern Ireland 
  
Karen apologies for delay. I have looked through the pages you have requested and this all looks good to me 
Cathy 

 

On 17 November 2017 at 08:39, Casson, Karen <k.casson@ulster.ac.uk> wrote: 

Dear Cathy  

 I hope this finds you well.  Further to my email of 18th October, the ethical application has been considered by 
the Institute of Nursing and Health Research Governance Filter Committee and we are currently making a few 
required minor amendments.   

Prior to submitting the application to ORECNI and BHSCT Research Governance (deadline for submitting 
paperwork is 5th December), we would welcome your comments on the application. We recognise you are very 
busy and so would ask you to please prioritise looking at pages 2-9, pages 15-18 [Patient Information sheet] and 
page 19 [consent form for parents/guardians of children with Spina Bifida] in the Protocol.  

 Many thanks.  

Best wishes  

Karen 

Dr Karen Casson 

Course Director PGDip/MSc Health Promotion and Public Health 

School of Nursing 

Shore Road 

Newtownabbey 

BT37 0QB 

k.casson@ulster.ac.uk 

02890 368293 

 

 

 

 

mailto:cathy.mckillop@shinecharity.org.uk
mailto:k.casson@ulster.ac.uk
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Appendix 15: Ethics clearance from Ulster University’s INHR Governance Filter Committee 

 
 

 

 

 

 



  
 
 

 

 
 

 

 



  
 
 

 

 
 

 

Appendix 16: Ethics clearance from the South West – Exeter Research Ethics Committee 

 
 



  
 
 

 

 
 



  
 
 

 

 
 

 



  
 
 

 

 
 

Appendix 17: Study Protocol (version 4) approved by SW Exeter Research Ethics Committee                                                                                        
 

 

 

Title of the study: 
“Cognitive, behavioural and educational outcomes in children aged 5-11 years with Spina Bifida in  
Northern Ireland”  

 
Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University  
 
Investigator: Dr. Maria Loane  
Institute of Nursing and Health Research, Ulster University 
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
 
Researcher: Mr. Yogesh Gopal Parajuli 
PhD Student (Student Registration No: B00622440) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 
 

 

 
 

Introduction 
Neural tube defects (NTD) relate to congenital defects in the development of the main organs of the central nervous 
system (CNS) - brain, spine or spinal cord (Copp and Greene 2010).   These NTD occur due to incomplete closure of 
the neural tube during embryonic development, normally completed within 30 days after conception (Lyons Jones 
et al. 2013). The incidence of NTD varies worldwide, and it is estimated to range from 1 to 10 cases per 1,000 births 
(Au et al. 2010).   Specific types of NTD include: 1) Spina Bifida (SB) which affects the spine region, 2) 
anencephaly which results in little to no brain, 3) encephalocele which affects the skull region, and 4) 
iniencephaly which results in severe neck problems due to distorted spine (National Institute of Neurological 
Disorders and Stroke 2012). The most commonly occurring NTD are anencephaly and SB which occur in almost 
equal frequencies (Au et al. 2010), although only SB is compatible with survival (Liptak 2010; Liptak and El Samara 
2010). 
 
The exact cause of NTD is unknown, but it has been shown that genetic, socioeconomic and environmental risk 
factors increase the chance of being born with a NTD (Au et al. 2010).  Folic acid use before conception has been 
shown to significantly reduce the risk of NTD in offspring by 72%   (Relative Risk (RR) 0.28, 95%CI 0.12-0.71) (MRC 
Vitamin Study Research Group 1991). The primary prevention of NTD with folic acid has been enhanced through 
the introduction of mandatory food fortification with folic acid in some countries, for example in the USA it became 
mandatory at the start of 1998 (Williams et al. 2015), although it is not yet mandatory in the United Kingdom (UK) 
or in Europe (EUROCAT Folic Acid Working Group 2009). Recent estimates have shown that approximately 21% of 
NTD could have been prevented in the UK from 1998 to 2012 had there been mandatory food fortification with 
folic acid (Morris et al. 2015).  
 
Prenatal detection of fetal CNS abnormality and resulting terminations of pregnancy was also shown to contribute 
to the decline of NTD between 1964-1972 in England and Wales (Cuckle and Wald 1987). However, the elective 
termination of NTD affected pregnancies is not available in Northern Ireland (NI) (The Abortion Act 1967). This, 
therefore, suggests that there will be a higher rate of live births presenting with SB in NI compared to other 
countries in the UK. The live birth (LB) prevalence of SB in NI is 0.46 per 1,000 births (2005-2012) which is nearly 
three times higher than the LB prevalence of 0.16 per 1,000 births in the UK (2005-2012) (Public Health Agency 
(PHA) 2015; EUROCAT 2015). The Republic of Ireland (ROI) has similar legislation against abortion (Government of 
Ireland 1983) and the LB prevalence rate is just over twice the UK rate (0.34 per 1,000 births 2000-2012) (EUROCAT 
2015). 
 
SB has three main forms, namely- 1) Myelomeningocele (MMC), which is an open form of SB where cyst containing 
tissue, cerebro-spinal fluid (CSF) and nerves and part of the spinal cord herniates and protrudes through the spinal 
cord and protective membranes surrounding it (meninges) in the baby’s back , 2) Meningocele (MC), which is a 
closed spinal defect where only the meninges push out of the opening and 3) Spina Bifida occulta, in which the 
outer part of some of the vertebrae is not completely closed  (SHINE 2016).  MMC is the most severe and common 
form of SB that occurs in 90% of SB cases (Au et al. 2010). About 70% to 90% of children with MMC develop a 
complication called hydrocephalus and are dependent on a shunt for life (Battibugli et al. 2007).  With the advent 
of medical and surgical interventions since 1960s, more children with SB have survived into adulthood (Hunt 1997; 
Davis et al. 2005).  However, these children remain at increased risk of brain defects, deficits in movement , 
cognition, behaviour, and adaptation (Fletcher et al. 2004; Fletcher and Brei 2010).   

 
A study undertaken in Australia on 19 children with MMC and shunt for hydrocephalus and 19 control children, 
aged 9 years, found these children had significantly reduced cognitive skills measured in the form of Intelligent 
Quotient (IQ) and educational skills such as reading and arithmetic as compared to control children (p<0.01).   
Children with MMC and hydrocephalus performed at least one standard deviation below the control group on Full 
Scale IQ, Verbal IQ and Performance IQ (Jacobs et al. 2001).   A study undertaken in the Netherlands to examine 
the cognitive functioning in children with SB aged 6 to 14 years found that nearly 50% (18/38) of children had 
impaired cognitive functioning, defined as one standard deviation below the mean (full-scale IQ<85,) compared to 



  
 
 

 

 
 

age norms. This study, however, only included children referred for surgery to one Medical Centre (Vinck et al. 
2010).   Brown et al. (2008) conducted a study in the USA including 35 healthy children and 42 children and 
adolescents with MMC, aged 10 to 17 years, to compare the difference in executive function behaviours between 
these two groups. Participants in the MMC group had significantly lowered metacognition (p<0.001). Parent 
psychological distress predicted behaviour regulation problems in MMC group (p<0.01), and shunt related surgeries 
and history of seizures predicted poorer metacognitive abilities (p<0.05). However, this study was not adequately 
powered to statistically evaluate the additional biological and environmental factors that could influence this 
executive function (Brown et al. 2008).    
 
From the review of available literature, only a few studies have reported a comprehensive investigation of cognitive 
and behavioural development and educational performance in the population of children with SB aged 5 to 11 
years in primary schools.  No study has investigated all three outcomes. A population-based study in a country like 
NI with a high LB prevalence of SB can provide evidence on how the variability in cognition, behaviour and education 
is expressed in these children.    
 
Using systematic closed questions, parents/guardians have been shown to be able to detect shortfalls in child 
development as accurately as health professionals (Glascoe 2003; Rydz et al. 2005; Hix-Small et al. 2007; Glascoe 
and Marks 2011). The inclusion of both parent and teacher report on the same child will help to get more accurate 
estimates of the outcomes for that child (Johnson et al. 2014).  
 
Aim: To investigate the effect of Spina Bifida on cognitive, behavioural and educational outcomes in 5-11 year-olds 
in Northern Ireland.  
  
Objectives: 

1. To assess cognitive outcomes of children aged 5-11 years born in NI with Spina Bifida and their typically 
developing matched peers using parent- and teacher-administered assessment. 

2. To assess behavioural outcomes of children aged 5-11 years born in NI with Spina Bifida and their typically 
developing matched peers using parent- and teacher-administered assessment. 

3. To assess educational outcomes of children aged 5-11 years born in NI with Spina Bifida and their typically 
developing matched peers using teacher-administered assessment.  

4. To quantify the risk of differences in cognitive, behavioural and educational outcomes in children with Spina 
Bifida aged 5-11 years by type of Spina Bifida compared to the outcomes in their typically developing 
matched peers.   

5. To compare the scores of children for Behaviour Rating Inventory of Executive Functions (BRIEF-2) from 
parent and teacher assessment with the available US standardised norms. 
 

Methodology: 
Study design:  Case-control study         
Study population: Children born with Spina Bifida between 2006 and 2012 (now aged 5-11 years) to mothers who 
were residents of NI at the time of birth and still live in NI (cases) and typically developing children studying in the 
same class as children with Spina Bifida (controls). These controls will be closely matched to children with Spina 
Bifida using date of birth and gender and, for children in special school, a physical disability other than Spina Bifida.   

        
       Sampling:  

Inclusion criteria:  
Case:  Children with SB who attend a mainstream or special school, and the child’s parent/guardian understands 
English  
Control child for a case in mainstream school: Children who do not have SB 
Control child for a case in special school: Children who have a physical disability other than SB 
 
 



  
 
 

 

 
 

Exclusion criteria:  
Cases and Controls:  Children whose parent/guardian cannot understand English 
 
Sample Size Calculation:     
It has been identified through the Spina Bifida, Hydrocephalus, Information, Networking, Equality (SHINE) 
organisation data custodian that there are 73 cases of Spina Bifida born between 2006 and 2012 in NI registered 
with SHINE. For a one-to-one matched case-control study the maximum number of required controls is 73.  Based 
on this sampling frame of 146, the minimum number of required matched pairs is 25 at power 90% and 0.05 level 
of significance for a 2-sided Test in social research (Appendix 33). This was calculated by estimating the effect size 
based on the standardised mean differences in overall BRIEF GEC ratings (primary objective measure of this study) 
reported for 35 children with Spina Bifida [58.46 (8.21)] and 42 control children [48.71 (8.94)] in Brown et al. 2008 
paper. The odds ratio (OR) calculated from the standardisation mean difference is: 7.7859. Taking account of a non-
response rate of 64%, the population of all 73 cases will be accessed in order to achieve the required minimum 
sample size (Hintermair 2013).  

 
       Recruitment:          

Cases:  SHINE, who provide specialist support to anyone living with Spina Bifida and/or hydrocephalus throughout 
NI, will identify children with Spina Bifida aged 5-11 years registered in the SHINE database.  The researcher will 
supply SHINE with 73 pre-paid envelopes for parents/guardians of these children each containing an invitation 
letter from the research team endorsed by SHINE-Belfast (Appendix 1), a Participant Information Sheet (PIS) for 
parent/guardian (Appendix 2), age specific PIS for the child with Spina Bifida (Appendices 3, 4 and 5), two copies 
of a consent form which includes assent from the child - one to keep and one to return to the researcher 
(Appendix 6), and a stamped addressed envelope for returning the signed consent form to the researcher. All PIS 
for children have been checked using an online reading age calculator. SHINE have agreed to insert the address of 
the parent/guardian of all eligible children on these pre-paid envelopes and post the envelopes.   

 
At the end of two weeks, the researcher will inform SHINE about which parents/guardians have returned a consent 
form and will provide the required number of reminder letters and pre-paid envelopes to SHINE with a request to 
insert the address of the parents/guardians who have not responded and post the envelopes to them.   
 
Principals and Teachers:  
The school Principals and the teachers of children with SB will be identified from the parents/ guardians’ signed 
consent forms (Appendix 6). The Principals in mainstream and special schools will be sent envelopes containing a 
letter (Appendices 7 and 8) to inform them about the study and to request their consent for the researcher to 
contact the class teacher of the child with Spina Bifida. Two copies of a consent form - one to keep and one to 
return to the researcher (Appendix 9) - and a copy of the signed consent form from the parent/guardian will be 
included.  A stamped addressed envelope will also be included for the Principals to return the signed consent forms 
to the researcher. One reminder letter will be send to those Principals who do not return their signed consent to 
the researcher by the end of two weeks.   
 
When the researcher receives the signed consent from the Principals, he will post the teachers the appropriate PIS 
for teachers (Appendices 10 and 11). Two copies of a consent form - one to keep and one to return to the researcher 
(Appendix 12) and a copy of the signed consent form from the parent/guardian and the Principal will be included.  
A stamped addressed envelope will also be included to return one copy of the signed consent form to the 
researcher. One reminder letter will be sent to those teachers who do not return their signed consent by the end 
of two weeks.  
 
 
 
 



  
 
 

 

 
 

 
Controls: 
The Principals in mainstream schools will be asked to select three control children (control child #1, #2 and #3) from 
the same class as the child with Spina Bifida matched for date of birth (DOB), gender and who does not have Spina 
Bifida (Appendix 13).  The Principals of children in special schools will be asked to select three control children in 
the same class who is matched for DOB, gender and who has a physical disability other than Spina Bifida (Appendix 
14).  
 

Upon receiving signed consent from the teacher, each Principal will be requested to post a pre-paid envelope for 

parent/guardian of potential control child #1 containing the appropriate PIS for parent/guardian (Appendices 15 

and 16), age specific PIS for the control child (Appendices 5, 17 and 18), two copies of a consent form which includes 

assent from the child - one to keep and one to return to the researcher (Appendix 19), and a stamped addressed 

envelope for returning the signed consent form to the researcher. If the researcher receives a signed consent from 

the parent/guardian by the end of two weeks, he will post a booklet to that parent/guardian to complete. A pack 

will be posted to the teacher containing a copy of the signed parent/guardian consent form and a booklet to 

complete for that control child (Appendix 30). If no parent/guardian consent for control child #1 is received by the 

end of two weeks, the Principal will be sent another pre-paid envelope containing the appropriate PIS (Appendices 

15 and 16), age specific PIS (Appendices 5, 17 and 18), two copies of a consent form (Appendix 19) and a stamped 

addressed envelope to be posted to the parent/guardian of potential control child #2.  If no signed consent is 

received from the parent/guardian of child #2 by the end of two weeks, the same process will be followed for 

requesting consent from the parent/guardian of control child #3. If signed consent is not received from the 

parent/guardian of control child #3 there will be no control child for that case child.  

 

       Data collection:  A systematic literature search has been undertaken looking at studies using tools for screening 
cognitive and behavioural development that are comprised of closed questions, are written in English, are relatively 
quick to complete, are suitable for children aged 5-11 years and can be administered by both parents/guardians 
and teachers in the home and school environment respectively with no input required from children. The Behavior 
Rating Inventory of Executive Function, second edition (BRIEF2) (Appendices 20 and 21) and Strengths and 
Difficulties Questionnaire (SDQ) (Appendix 22) have been selected as the most appropriate tools that fulfil these 
requirements (Appendix 23).  

 
The BRIEF2 parent and teacher forms are reliable tools designed to investigate Executive Functions in children aged 
5-18 years.  The executive functions include a basic set of cognitive processes. Both parent and teacher BRIEF2 
forms consist of 63 items on which a child’s behaviour is rated on a three point scale (never, sometimes, often) with 
higher ratings indicating greater perceived impairment.  The ratings are based on parents/guardians and teachers 
observation of child over the past 6 months. The scales that can be generated are: 1) Behavior Regulation Index 
(BRI) which incorporates scales for Inhibit and Self-Monitor; 2)Emotion Regulation Index (ERI) which incorporates 
scales for Shift and Emotional Control; and 3) Cognitive Regulation Index (CRI) which incorporates scales for Initiate, 
Working Memory, Plan/Organise, Task-Monitor and Organisation of Materials; and an overall score, Global 
Executive Composite (GEC).  The reliability coefficients (overall consistency of a measure) for the parent and teacher 
forms are above 0.90. BRIEF2 has standardised normative scores for a US population sample stratified by census 
data on gender, parent educational level and ethnicity (Gioia et al. 2015). Normative scores are available for gender 
and four developmental age groups; 5-7 years, 8-10 years, 11-13 years and 14-18 years.  
 
The SDQ is a short behavioural screening tool used for children aged 3-16 years. It contains 25 questions to be 
completed by the parent/guardian or teacher based on their observation of child over the past 6 months. The rating 
is done on a three point scale (not true, somewhat true, certainly true). These 25 questions are divided between 5 
scales- 1) Emotional symptoms, 2) Conduct problems, 3) Hyperactivity/inattention, 4) Peer relationship problems, 
and 5) Prosocial behaviour. Scales 1 to 4 can be added together to generate a total difficulties score (based on 20 
items).  The SDQ has a specificity of 94.6% i.e. it correctly identifies 94.6% of those children who are not 



  
 
 

 

 
 

underperforming, and standardised norms for a British population based on a representative British sample of 
10,438 individuals aged between 5 and 15 years.  The standardised norms are also split by gender and age bands 
5-10 years and 11-15 years (Goodman et al. 2000).   
 

Although the data for Key Stage (KS)  1 and 2 (Appendix 24) are maintained by teachers in all mainstream schools 
in NI to  record each pupil’s scale score in English and mathematics, it is recognised that special schools may not 
follow the national curriculum and so may not have KS 1 and KS 2 data.  The Teacher Academic Attainment Scale 
(TAAS) has been chosen as a useful tool to conduct a uniform screening for educational performance of children 
regardless of which type of school they are attending (see Appendix 25). TAAS is completed by the teacher and 
rates each child compared to the average level expected of his/her class. It contains 8 items rating a child’s 
educational performance on a 5 point scale (very below average, below average, average, above average, very 
above average). TAAS scores at 6 years and 11 years were found to be significantly correlated with the Wechsler 
Individual Achievement Test–Third Edition (WIAT-III) for reading (r=0.69 and r=0.75 respectively, p< 0.001) and 
mathematics (r=0.75 and r=0.82 respectively, p< 0.001) (Johnson et al. 2011). Information on child’s KS 1 and KS 2 
scores will also be collected where available in special schools. 
 
BRIEF and SDQ are widely used for screening child cognitive and behavioural development across the world. Some 
global studies have reported response rates of 95% to 100% for parents/guardians and teachers (Kesmodel et al. 
2012; Johnson et al. 2014; Harris et al. 2016). In other studies where the participation by teachers was found to be 
low, only the results for the parent/guardian’s BRIEF ratings have been analysed (Kesmodel et al. 2012). The 
response from teachers has been shown to be higher in special schools (74%) versus mainstream schools (44.8%) 
(Hintermair 2013).          

 
       Data Source 1 - Parents/guardians:  

When the researcher receives a signed consent from the parents/guardians of cases and controls, a booklet 
containing: a sociodemographic questionnaire specific to the parent/guardian of cases and controls (Appendices 
26 and 27); parent/guardian BRIEF2 (Appendix 20) and; SDQ (Appendix 22) will be posted to them, together with a 
stamped addressed envelope to return the completed booklet to the researcher. A copy of the booklet for 
parent/guardian for cases and controls is given in Appendices 28 and 29.   
 
It takes 15 minutes to complete BRIEF2, 10 minutes to complete SDQ and 5 minutes to complete the 
sociodemographic questionnaire (Appendices 20, 22, 26 and 27). The total time to be spent by parents/guardians 
will be 30 minutes. One reminder letter will be sent to those parents/guardians who do not return the completed 
booklet by the end of two weeks.  

        
Data Source 2 – Teachers:  
On receipt of a signed consent from the teacher, the researcher will post a booklet for the teacher to complete, on 
the case child. The booklet will contain teacher BRIEF-2 (Appendix 21), SDQ (Appendix 22), a form to complete for 
Key Stage (KS) 1 and 2 scores (Appendix 24) and TAAS (Appendix 25), together with a stamped-addressed envelope 
to return the completed booklet to the researcher. A copy of the booklet for teacher for cases and controls is given 
in Appendix 30. The teacher will be requested to complete the booklet on the case child in the first instance and 
return it to the researcher. One reminder letter will be sent to those teachers who do not return this booklet back 
by the end of two weeks.  
 
The researcher will post a booklet to the teacher to complete for the control child after receiving the signed consent 
form from the parent/guardian of that child.  One reminder letter will be sent to those teachers who do not return 
this booklet by the end of two weeks.  
 
It takes 15 minutes to complete BRIEF-2, 10 minutes to complete SDQ, 5 minutes to complete TAAS and 5 minutes 
to note Key Stage 1 and 2 scores.  In total it will be 35 minutes to complete each booklet. The teacher will be asked 



  
 
 

 

 
 

to complete a booklet for a maximum of two children in the class i.e. 1 case and 1 control or 2 cases if more than 
one case child in class; the total time required by the teacher for assessment of two children will be 35 minutes X 2 
= 1 hour 10 minutes.  
 
For the teacher to identify the child, the cover page of the booklet for the child with Spina Bifida and control child 
will have the child’s name and the unique Identification (ID) number accorded to the child (Appendix 30). The first 
page of the booklet will contain only the unique ID number followed by the tools. The teacher will be asked to 
remove and destroy the cover page with the child’s name prior to returning the completed booklet to the 
researcher. Therefore, the returned booklet should only contain the ID number of the child.  Please see Figure 1 
which summarises the recruitment of case and control children.   
  

 
Figure 1 Recruitment of cases and controls 
 
Data Source 3 – With the explicit consent of the parent/guardian, the Chief Investigator will extract medical data 
for children with Spina Bifida from the Northern Ireland Electronic Care record (NIECR) and/or medical notes held 
in Belfast Health and Social Care Trust (BHSCT) for six items: 1) Type of Spina Bifida; 2) Lesion level on the vertebral 
column – thoracic, lumbar, sacral; 3) Presence of hydrocephalus [yes/no]; 4) Shunt placed on child [yes/no]; 5) If 
yes to Q4, Age at first shunt; and 6) Number of shunt revisions (Appendix 31). The name of child, address of child, 
date of birth of child and Health and Care Number of child will be collected from parents/guardians (Appendix 6) 
to ensure there is adequate information to allow the chief investigator to access the correct medical records in 
BHSCT. The cover page of the data extraction form (Appendix 31) will also have the name of child, address of child, 
date of birth and Health and Care number of child to facilitate the Chief Investigator when on site in the correct 
identification of the records. 
 

       Data analysis:  
The data obtained from the parent/guardian and teachers and the medical records for children with SB held by 
BHSCT will be input into the Statistical Package for Social Sciences (SPSS) version 24 for analysis. Descriptive and 
inferential statistics in the form of mean age and frequency tables will be used to summarise the area of 
deprivation and medical characteristics of the overall children and also by the age group of children. Scores for 
the child’s cognitive and behavioural development will be obtained using the scoring system available for the 



  
 
 

 

 
 

assessment tools. The BRIEF2 and SDQ scores of children with SB and control group children will be compared 
using independent-samples t-test (or if the study sample is small, the non-parametric Mann-Whitney U test). The 
KS 1 and 2 and TAAS scores of children with SB will be compared with the performance of control children using 
Chi-square test after categorising (below average, average and above average).    
 
Potential existence of significant concerns about shortfalls in the child will be identified based on the T-scores 
and/or percentile following the manual of BRIEF2 and SDQ.  A stepwise forward Poisson regression analysis will 
be used to estimate the risk of shortfalls in cognitive, behavioural and educational outcomes among children with 
SB relative to control children. If control children are available for all case children, matched analysis will be 
employed adjusted for variables- mother’s age at the birth of child, mother’s education, child’s area of 
deprivation (identified through postcode and using the deprivation measure in the Central Postcode Directory 
(CPD) of Northern Ireland), additional support for child in school and child’s medical characteristics. If control 
children are missing  for some case children, unmatched analysis will be employed adjusted for variables- age of 
child, child’s gender, child’s physical disabilities, type of school [Mainstream school, Special unit in mainstream 
school, Special school], mother’s age at the birth of child, mother’s education, child’s area of deprivation, 
additional support for child in school and child’s medical characteristics.   
 
The mean scores for each of the BRIEF2 Indexes [Behavior Regulation Index (BRI), Emotion Regulation Index (ERI), 
Cognitive Regulation Index (CRI) and Global Executive Composite (GEC)] for children in the study sample will be 
compared with the published gender and age-adjusted US normative data using the one sample t-test. The mean 
SDQ scores of children with SB will be compared with the gender and age-adjusted normative data available for 
UK children by a one sample t-test.   
 
Reporting to parents/guardians:  The child’s scores from BRIEF2, SDQ, KS1 and KS2, and TAAS will be combined 
into one report together with the normative scores for children for the same age group and gender, and posted to 
the parents/guardians of case and control children.  They will be advised that they may wish to share the 
information with their General Practitioner (GP) and/or child’s teacher.       
 
Reporting to teachers: A report containing the overall scores for case and control children on cognitive, behavioural 
and educational outcomes will be posted to the teachers who participated in the study. Teachers will also be 
informed in the PIS (Appendices 10 and 11) that parents/guardians of both case and control children will be sent a 
report on their child containing the scores for the measured outcomes for their child and standardised norms for 
children in the same age and gender group. 
 
Ethical considerations: Participation is voluntary and written informed consent will be obtained from 
parents/guardians, Principals and teachers. The parent/guardian PIS and child’s report for case children contain 
contact details of support organisations that support children specifically in the area of child’s cognitive, 
behavioural and educational development (Appendix 2).  A list of support organisations is also included in the PIS 
and child’s report for parents/guardians of control children (Appendices 15 and 16). The time burden on 
parents/guardians and teachers to complete the booklet has been minimised by providing clear concise 
instructions.  
  
In order to maintain confidentiality all booklets [containing assessment tools and questionnaires] sent to the 
parents/guardians will only have the unique ID number of the child. The cover page of the booklet for teachers 
which includes the name of the child and the ID number should be destroyed by teachers before posting it back to 
the researcher.  
 
The Chief Investigator will extract medical data on children with Spina Bifida from NIECR and/or medical data held 
in BHSCT for information on aforementioned six items. The cover page of the proforma for the collection of the 
medical data will contain the name and address of child, date of birth of child and Health and Care Number, and 



  
 
 

 

 
 

the unique ID number of the child. This will be destroyed by the Chief Investigator after completing the proforma, 
leaving only the ID number on the first page of the form.   
 
The document with the names and corresponding ID numbers of children will be kept secure and separate from 
other documents in the Chief Investigator’s office. During the study, all other paper records will be securely 
stored according to the Data Protection Act 1998 in a locked cabinet in a locked PhD student room at Ulster 
University. Only the unique ID number of the children will be entered into the database for analysis.   The folder 
on the computer containing the information about participants, SPSS database and analysis results will be 
password protected and kept on a password protected computer of Ulster University. No information will be held 
on portable devices i.e. laptops, tablets or memory pens. No individual child or school will be identified in the 
reporting of the study findings. On completion of the study, all data will be retained securely by Ulster University 
for 10 years before being destroyed.  
 
With consent from the parents/guardians of case children, a copy of the information will also be securely 
submitted to the clinicians at BHSCT by the Chief Investigator for use in a potential longitudinal follow–up study. 
There will be two separate files: 1) The dataset containing outcomes for individual children which will only 
contain the unique ID of the children and will be password protected and encrypted, and 2) The file linking the ID 
numbers and names of children which will be password protected and encrypted.  

If any parent/guardian withdraws from the study, their child’s data will not be transferred to the clinicians at the 
BHSCT. The potential future study has only been conceptualised, and it is not yet clear if it will go ahead, and if it 
does what format it will take.  However, it has been agreed in principle that these data will be valuable for a 
longitudinal study.  

Ethical approval has been received from SHINE (Appendix 32) and Ulster University’s Institute of Nursing and 
Health Research (INHR) Governance Filter Committee (Appendix 33) and the South West – Exeter Research Ethics 
Committee (Appendix 34). 

Dissemination: A PhD thesis will be submitted at the end of 2018. A meeting, in collaboration with SHINE, will be 
organised to share the study results with the parents/guardians of children with SB and control children and the 
teachers who participated in the study. Papers based on the study results will be sent to academic journals for 
publication.  These results may also contribute to a larger study on children with Spina Bifida being undertaken by 
clinicians in NI and Republic of Ireland.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
 
 

 

 
 

Appendix 18:   Letter to the Principal in mainstream school 

                                    

 
Invitation to take part in study entitled: “Cognitive, behavioural and educational outcomes in children aged 
5-11 years with Spina Bifida in Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli 
 
To                                                                                                                                 Date: ………………………………. 
The Principal  
 
……………………………………………………… School 
Address: 
 
………………………………………………………  
……………………………………………………… 
……………………………………………………… 
 
Subject: “Cognitive, behavioural and educational outcomes in children aged 5-11 years with Spina Bifida”   
 
Dear Sir/Madam, 
We are a research team based at Ulster University who are working in partnership with the Spina Bifida, 
Hydrocephalus, Information, Networking, Equality [Shine] organisation. We are conducting a research study to 
compare the cognitive, behavioural and educational outcomes of children with Spina Bifida and those without 
the condition in Northern Ireland. The study will collect information on approximately 150 children. The study 
involves both parental/guardian and teacher assessments of the child based on their observation over the past 
6 months.   
 
A child with Spina Bifida participating in this study attends your school. We would like to request your 
permission to invite the child’s teacher Mr/Mrs/Ms………………………………………………………………. to participate in 
our study. The parent/guardian of this child has already given consent for us to contact their child’s teacher 
and provided us with the name of the teacher and school address (please see attached parental consent form 
which also includes assent from the child). 
 
Following your consent, the teacher will be sent a Participant Information Sheet and consent forms to sign. 
When the researcher receives the signed consent form from the teacher, he will post a booklet for the teacher 
to complete about the child. The booklet will contain questions from three standard forms used to assess a 
child’s cognitive, behavioural and educational outcomes: 1) Behaviour Rating Inventory of Executive Function, 
second edition (BRIEF2), Strengths and Difficulties Questionnaire (SDQ) and 3) Teacher Academic Attainment 
Scale (TAAS), and questions on child’s key stage scores. Copies of these forms are enclosed with this letter. 

Upon receipt of the teacher’s consent form, we will send you a form to identify 3 children from the same class 
who do not have Spina Bifida, who are the same gender and who have a similar Date of Birth as the child with 



  
 
 

 

 
 

Spina Bifida to act as control children. Please list the address, Date of Birth and gender of these three children 
in the form for your own records.  

At this time, we will also request you to insert the name and address of the parent/guardian of control child 
#1 on the postage paid envelope which contains a Participant Information Sheet (PIS) and two copies of the 
consent form, and forward the envelope to the parent/guardian. If the parent/guardian agree to participate in 
the study, they will return the signed consent to the researcher. If the signed consent is received from this 
parent/guardian by the end of two weeks, the teacher will be sent a booklet and requested to complete for 
this control child.   

If the researcher does not receive signed consent from the parent/guardian of the first control child selected, 
then the parent/guardian of control child #2 will be invited, using the same process, to take part in the study. 
If no consent is obtained from them the parent/guardian of control child #3 will be invited through you to take 
part in the study. If the parent/guardian of control child #3 does not give consent, there will be no control child 
for that case child.      

Teachers will only be asked to assess a maximum of two children in the class. The estimated time to complete 
two booklets is 1 hour 10 minutes.  Stamped addressed envelopes will be provided to return the completed 
booklet to the research team. For every two booklets completed by a teacher, £10 will be donated to Shine. 
The participation of the school Principal and teacher in the study is voluntary.   

Confidentiality will be assured throughout the study. The cover page of the booklets will contain the name and 
unique identification number (ID) of the child; this page should be removed and destroyed by the teacher after 
they have identified the child. The returned booklet should only contain the ID number of the child. All paper 
records will be stored according to the Data Protection Act 1998 in a locked cabinet in a locked room at Ulster 
University during the study and, on completion of the study, retained securely by Ulster University for a further 
10 years after which it will be destroyed. No individual child or school will be identified in the reporting of the 
study findings.    
 
Parents/guardians of both case and control children will be sent a report on their child containing the scores 
for the measured outcomes for their child and standardised norms for children in the same age and gender 
group. The teachers will be sent a short summary of the overall study findings. All parents/guardians and 
teachers who participate in the study will also be invited to hear the results of the research at an event 
organised with Shine.   

The complete results will be included in a PhD thesis at the end of 2018 and papers will be submitted to 
academic journals. The results may also contribute to a larger study on children with Spina Bifida in Northern 
Ireland and the Republic of Ireland for the formulation of better evidence-based services. 
 
This research is being carried out under a team of experts at Ulster University; contact details are provided 
below. The researcher has received a Vice-Chancellor’s Research Scholarship from Ulster University to do this 
study. 
 
Ethical approval has been obtained from the Institute of Nursing and Health Research (INHR) Research 
Governance Filter Committee, the South West – Exeter Research Ethics Committee and Shine.  
       
Thank you for taking the time to read this letter. If you give consent for us to contact the child’s Teacher 
Mr/Mrs/Ms…………………………………………………………………………………………………, please sign the attached        
consent forms, retain one  and return the other in the stamped addressed envelope provided.  

 



  
 
 

 

 
 

If you do not wish to participate in the study, we sincerely thank you for taking the time to read this 
information.  
     
 You can contact me if you have any questions about the study. 
 
 
Best Regards, 
 
……………………………………………………….. 
On behalf of the research team: 
Dr. Karen Casson (Chief Investigator) 
Institute of Nursing and Health Research, Ulster University  
Jordanstown 
BT37 0QB 
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk  
 

Contact details for members of the research team 
Contact details 

 
Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk 
 
Investigator: Dr. Maria Loane 
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 366480 or Email: ma.loane@ulster.ac.uk 
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
Tel:  02870 124395 or Email:  v.simms@ulster.ac.uk 
 
PhD Researcher: Mr. Yogesh Gopal Parajuli 
Institute of Nursing and Health Research, Ulster University 
Tel: 02890 368386 or Email: parajuli-y@email.ulster.ac.uk 
 
Research Governance Ulster University: 
Mr. Nick Curry (Head of Research Governance) 
Research Office, University of Ulster, Jordanstown 
Tel: 02890 366629 or Email: n.curry@ulster.ac.uk 
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Appendix 19:   Letter to the Principal in special school 
 

                                    

 
Invitation to take part in study entitled: “Cognitive, behavioural and educational outcomes in children aged 5-11 
years with Spina Bifida in Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli 
 
To                                                                                                                                      Date: …………………………………….. 
The Principal  
…………………………………. School 
Address: 
………………………………….  
…………………………………. 
…………………………………. 
 
Subject: “Cognitive, behavioural and educational outcomes in children aged 5-11 years with Spina Bifida”   
 
Dear Sir/Madam, 
We are a research team based at Ulster University who are working in partnership with the Spina Bifida, 
Hydrocephalus, Information, Networking, Equality [SHINE] organisation. We are conducting a research study to 
compare the cognitive, behavioural and educational outcomes of children with Spina Bifida and those without the 
condition in Northern Ireland. The study will collect information on approximately 150 children. The study involves 
both parental/guardian and teacher assessments of the child based on their observation over the past 6 months.   
 
A child with Spina Bifida participating in this study attends your school. We would like to request your permission 
to invite the child’s teacher Mr/Mrs/Ms………………………………………………………………..to participate in our study. The 
parent/guardian of this child has already given consent for us to contact their child’s teacher and provided us with 
the name of the teacher and school address (please see attached parental consent form which also includes 
assent from the child). 
 
Following your consent, the teacher will be sent a Participant Information Sheet and consent forms to sign. When 
the researcher receives the signed consent form from the teacher, he will post a booklet for the teacher to complete 
about the child. The booklet will contain questions from three standard forms used to assess a child’s cognitive, 
behavioural and educational outcomes: 1) Behaviour Rating Inventory of Executive Function, second edition 
(BRIEF2), Strengths and Difficulties Questionnaire (SDQ) and 3) Teacher Academic Attainment Scale (TAAS), and 
questions on child’s key stage scores if your school follows the national curriculum. Copies of these forms are 
enclosed with this letter. 

Upon receipt of the teacher’s consent form, we will send you a form to identify 3 children from the same class with 
a physical disability other than Spina Bifida, who are the same gender and who have a similar Date of Birth as the 
child with Spina Bifida to act as control children. Please list the address, Date of Birth and gender of these three 
children in the form for your own records.  

http://www.ulster.ac.uk/


  
 
 

 

 
 

At this time, we will also request you to insert the name and address of the parent/guardian of first control child 
#1 on the postage paid envelope which contains a Participant Information Sheet (PIS) and two copies of the consent 
form, and forward the envelope to the parent/guardian. If the parent/guardian agree to participate in the study, 
they will return the signed consent to the researcher. If the signed consent is received from this parent/guardian 
by the end of two weeks, the teacher will be sent a booklet and requested to complete for this control child.   

If the researcher does not receive signed consent from the parent/guardian of the first control child selected, then 
the parent/guardian of control child #2 will be invited, using the same process, to take part in the study. If no 
consent is obtained from them the parent/guardian of control child #3 will be invited through you to take part in 
the study. If the parent/guardian of control child #3 does not give consent there will be no control child for that 
case child.      

Teachers will only be asked to assess a maximum of two children in the class. The estimated time to complete two 
booklets is 1 hour 10 minutes.  Stamped addressed envelopes will be provided to return the completed booklet to 
the research team. For every two booklets completed by a teacher, £10 will be donated to SHINE. The participation 
of the school Principal and teacher in the study is voluntary.   

Confidentiality will be assured throughout the study. The cover page of the booklets will contain the name and 
unique identification number (ID) of the child; this page should be removed and destroyed by the teacher after 
they have identified the child. The returned booklet should only contain the ID number of the child. All paper 
records will be stored according to the Data Protection Act 1998 in a locked cabinet in a locked room at Ulster 
University during the study and, on completion of the study, retained securely by Ulster University for a further 10 
years after which it will be destroyed. No individual child or school will be identified in the reporting of the study 
findings.   
  
Parents/guardians of both case and control children will be sent a report on their child containing the scores for 
the measured outcomes for their child and standardised norms for children in the same age  and gender group. 
The teachers will be sent a short summary of the overall study findings. All parents/guardians and teachers who 
participate in the study will also be invited to hear the results of the research at an event organised with SHINE.   

The complete results will be included in a PhD thesis at the end of 2018 and papers will be submitted to academic 
journals. The results may also contribute to a larger study on children with Spina Bifida in Northern Ireland and the 
Republic of Ireland for the formulation of better evidence based services. 
 
This research is being carried out under a team of experts at Ulster University; contact details are provided below. 
The researcher has received a Vice-Chancellor’s Research Scholarship from Ulster University to do this study. 
 
Ethical approval has been obtained from the Institute of Nursing and Health Research (INHR) Research Governance 
Filter Committee, the South West – Exeter Research Ethics Committee and SHINE.  

       
        Thank you for taking the time to read this letter. If you give consent for us to contact the child’s  
        Teacher Mr/Mrs/Ms…………………………………………………………………………………………………, please sign the attached  
        consent forms, retain one  and return the other in the stamped addressed envelope provided.  

 
        If you do not wish to participate in the study, we sincerely thank you for taking the time to read this information.  
        You can contact me if you have any questions about the study. 

 
 
 
 
Best Regards, 



  
 
 

 

 
 

 
……………………………………………………….. 
On behalf of the research team: 
Dr. Karen Casson (Chief Investigator) 
Institute of Nursing and Health Research, Ulster University  
Jordanstown 
BT37 0QB 
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk  
 
 

Contact details for members of the research team 
 

Contact details  
Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University  
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk  
 
Investigator: Dr. Maria Loane  
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 366480 or Email: ma.loane@ulster.ac.uk  
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
Tel:  02870 124395 or Email:  v.simms@ulster.ac.uk 
 
PhD Researcher: Mr. Yogesh Gopal Parajuli  
Institute of Nursing and Health Research, Ulster University  
Tel: 02890 368386 or Email: parajuli-y@email.ulster.ac.uk 
 
Research Governance Ulster University: 
Mr. Nick Curry (Head of Research Governance)  
Research Office, University of Ulster, Jordanstown 
Tel: 02890 366629 or Email: n.curry@ulster.ac.uk  
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Appendix 20:  Consent form for the Principal  
Study Title: “Cognitive, behavioural and educational outcomes in children aged 5-11 years with Spina Bifida in 
Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli 

 

Please ensure you tick either ‘Yes’ or ‘No’ for all the statements 

  
   
  
 
 
 
 
 
 
 
 

 
Name of Principal ……………………………………………………….... 
 
School address      ………………………………………………………….. 
                            
                                …………………………………………………………… 
 
________________________________                        _____________________________ 
Signature of Principal                                                                             Date                                                                                     
 
 
 Name of researcher …………………………………………………….                                                   
 
 
________________________________                         _____________________________ 
Signature                                                                                                  Date  
 
Instruction:  

There are two copies of this consent form for your signature. Please sign both copies and return one in the 
stamped addressed envelope provided.  When your signed consent form is received, we will send you a booklet 
which we request you would please complete.  

 
 
 
 
  

 Yes No 

• I confirm that I have read and understand the information about the 
study and have asked and received answers to any questions raised.  

  

• I have seen the signed consent form from the parent/guardian who has 
agreed to participate in the study.  

  

• I agree that the researcher may contact the teacher of the identified 
children to complete the booklets for these children. 

  

• I agree to a photocopy of this signed consent form being sent to the 
class teacher as confirmation I have agreed they may be invited to 
participate in the study. 

  

 

 

 

 

 

 

 

 



  
 
 

 

 
 

Appendix 21: Participant Information Sheet (PIS) for teacher in mainstream school 
 

                                            
 

Study Title: “Cognitive, behavioural and educational outcomes in children aged 5-11 years with Spina Bifida in 
Northern Ireland”  
 
We are a research team based at Ulster University who are working in partnership with the Spina Bifida, 
Hydrocephalus, Information, Networking, Equality [SHINE] organisation. We would like to invite you to take part in 
a research study on children with Spina Bifida in Northern Ireland. The study will collect information on 
approximately 150 children.  Please take your time before you decide whether or not you wish to take part.     
    
What is the purpose of the study?  
The purpose of the study is to investigate the effect of Spina Bifida on cognitive, behavioural and educational  
outcomes in 5-11 year-olds. 
  
Why have I been chosen?  

        You have been chosen because you are teaching a child with Spina Bifida aged 5-11 years who is registered on the  
        SHINE database.  The parent/guardian of this child and your school Principal have given their consent for us to  
        contact you. Please see attached photocopies of their signed consent forms.   
 
       Do I have to take part? 

Participating in this study is completely voluntary. Your decision will not affect the care for the child. Even after 
deciding to take part, you may choose not to answer some of the questions or to withdraw at any time. The 
information already collected will be retained by the research team for inclusion in the study. 
   
What will happen to me if I take part? 
If you agree to take part in the study, please sign the two copies of the consent form accompanying this PIS, retain 
one and return the other to the research team at Ulster University in the stamped addressed envelope provided.   
 
In order to recruit a child without Spina Bifida, i.e. a control child, your school Principal identified 3 children from 
the same class who are closely matched to the child with Spina Bifida by Date of Birth and gender.  An invitation 
to participate in the study was sent by the Principal to the parents/guardians of the first identified child.  If signed 
consent was not received from the parents/guardians of the first child, the Principal issued an invitation to the 
parents/guardians of the second child and, if appropriate, the parent/guardians of the third child.  
 
Upon receipt of your signed consent, we will send you a maximum of two booklets to be completed.  A booklet for 
the child with Spina Bifida will be sent to you first. If we receive signed consent from the parent/guardian of a 
control child, we will then send you a booklet to complete for this child. Each booklet will contain questions from 
three standard forms used to assess a child’s cognitive, behavioural and educational outcomes: 1) Behaviour Rating 
Inventory of Executive Function, second edition (BRIEF2), Strengths and Difficulties Questionnaire (SDQ) and 3) 
Teacher Academic Attainment Scale (TAAS), and questions on child’s Key Stage scores.  
 
It should take no longer than 35 minutes to complete a booklet. Stamped addressed envelopes will be provided for 
you to return the completed booklets to the research team. For every two booklets completed by a teacher, £10 
will be donated to SHINE.      

http://www.ulster.ac.uk/


  
 
 

 

 
 

Are there any risks and/or disadvantages in taking part? 
There will be no distress to the child as the assessments will be undertaken by you based on your observation of 
the child for the previous 6 months in the classroom. The possible disadvantage will be the time taken to complete 
the booklets.  
 
Are there any possible benefits in taking part? 
This study will help us to better understand the best time for interventions to be put in place to improve the 
cognitive, behavioural and educational development of children with Spina Bifida. This information will be of 
benefit to all parents/guardians of children with Spina Bifida and may guide policy makers’ decisions on service 
delivery and education.  
 
Parents/guardians of both case and control children will be sent a report on their child containing the scores for 
the measured outcomes for their child and standardised norms for children in the same age and gender group. You 
will be given a short summary of the study findings. 
 
Will my taking part in this study be kept confidential? 
Yes, all information provided will be held in the strictest confidence. No individual child or school will be identified 
in any report.   The document with the child’s name and identification number (ID) will be kept secure and separate 
from the completed booklets in the Chief Investigator’s office. All other paper records will be securely stored 
according to the Data Protection Act 1998 in a locked cabinet in a locked PhD student room at Ulster University. 
Only the unique ID number of the child will be entered into the computer for analysis.   The folder on the computer 
containing the information about the child and the analysis will be password protected and kept on a password 
protected computer at Ulster University. No information will be held on portable devices such as laptops, tablets 
or memory pens.  On completion of the study, all data will be retained securely by Ulster University for a further 10 
years after which it will be destroyed. No individual child or school will be identified. 
 
What happens when the study ends? 
All parents/guardians and teachers who participate in the study will be invited to hear the results of the research 
at an event organised with SHINE.   

What if something goes wrong?  
As this study has been carefully planned by the research team and approved by the Institute of Nursing and 

Health Research Governance Filter Committee at Ulster University, the South West – Exeter Research Ethics 

Committee and SHINE, it is extremely unlikely that something will go wrong.  However, the university has 

procedures in place for reporting, investigating, recording and handling adverse events and complaints. Further 

information on the complaints procedure can be found at the University’s “Research Ethics and Governance” 

webpage (Internet address: http://research.ulster.ac.uk/rg/0208ResearchVolunteerComplaintsProcedure.pdf).  

Any complaint or concerns should be made to the Chief Investigator for this study - Dr. Karen Casson or to the 

Head of Research Governance at Ulster University - Mr. Nick Curry (contact details are below).   Complaints will be 

treated seriously and reported to the appropriate authority. 

What will happen to the results of the study? 
The complete results will be included in the PhD thesis at the end of 2018. Papers will be submitted to academic 
journals. Findings of the study will be shared in national and international conferences. These results may also 
contribute to a larger study on children with Spina Bifida in Northern Ireland and the Republic of Ireland for the 
formulation of better evidence based interventions. 
 
 
 
 
 

http://research.ulster.ac.uk/rg/0208ResearchVolunteerComplaintsProcedure.pdf


  
 
 

 

 
 

Who is organising and funding the research? 
This research is being undertaken for a PhD, supervised by a team of experts at the Ulster University, whose names 
are given in the contact details below. The researcher has received a Vice-Chancellor’s Research Scholarship from 
Ulster University to do this study. 
 
Who has reviewed this study? 
Ethical approval has been obtained from the Institute of Nursing and Health Research (INHR) Research Governance 
Filter Committee and the South West – Exeter Research Ethics Committee and SHINE.   
 
 
If you have any questions or would like to discuss anything about this study, please see the contact details below. 
 

Contact details  
 

Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University  
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk  
 
Investigator: Dr. Maria Loane  
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 366480 or Email: ma.loane@ulster.ac.uk  
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
Tel:  02870 124395 or Email:  v.simms@ulster.ac.uk 
 
PhD Researcher: Mr. Yogesh Gopal Parajuli  
Institute of Nursing and Health Research, Ulster University  
Tel: 02890 368386 or Email: parajuli-y@email.ulster.ac.uk 
 
Research Governance Ulster University: 
Mr. Nick Curry (Head of Research Governance)  
Research Office, University of Ulster, Jordanstown 
Tel: 02890 366629 or Email: n.curry@ulster.ac.uk  

  
       Thank you for taking the time to read this information. If you wish to participate in this study please  
       sign the attached two consent forms and return one to the research team in the stamped addressed     
       envelope provided.  
       If you do not wish to participate in the study, we sincerely thank you for taking the time to read this  
       information.  
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Appendix 22: Participant Information Sheet (PIS) for teacher in special school 
 

                                                 
 

Study Title: “Cognitive, behavioural and educational outcomes in children aged 5-11 years with Spina Bifida in 
Northern Ireland”  
 
We are a research team based at Ulster University who are working in partnership with the Spina Bifida, 
Hydrocephalus, Information, Networking, Equality [SHINE] organisation. We would like to invite you to take part in 
a research study on children with Spina Bifida in Northern Ireland. The study will collect information on 
approximately 150 children.  Please take your time before you decide whether or not you wish to take part.     
  
What is the purpose of the study?  
The purpose of the study is to investigate the effect of Spina Bifida on cognitive, behavioural and  
educational outcomes in 5-11 year-olds. 
  
Why have I been chosen?         

       You have been chosen because you are teaching a child with Spina Bifida aged 5-11 years who is registered on the  
       SHINE database. The parent/guardian of this child and your school Principal have given their consent for us to  
       contact you. Please see attached photocopies of their signed consent forms.   
        
       Do I have to take part? 

Participating in this study is completely voluntary. Your decision will not affect the care for the child. Even after 
deciding to take part, you may choose not to answer some of the questions or withdraw at any time. The 
information already collected will be retained by the research team for inclusion in the study. 
  

What will happen to me if I take part? 
If you agree to take part in the study, please sign the two copies of the consent form accompanying this PIS, retain 
one and return the other to the research team at Ulster University in the stamped addressed envelope provided.    
 
In order to recruit a child without Spina Bifida, i.e. a control child, your school Principal identified 3 children with a 
physical disability other than Spina Bifida from the same class who are closely matched to the child with Spina 
Bifida by Date of Birth and gender.  An invitation to participate in the study was sent by the Principal to the 
parents/guardians of the first identified child.  If signed consent was not received from the parents/guardians of 
the first child, the Principal issued an invitation to the parents/guardians of the second child and, if appropriate, 
the parent/guardians of the third child.  
 
Upon receipt of your signed consent, we will send you a maximum of two booklets to be completed. A booklet for 
the child with Spina Bifida will be sent to you first. If we receive signed consent from the parent/guardian of a 
control child, we will then send you a booklet to complete for this child. Each booklet will contain questions from 
three standard forms used to assess a child’s cognitive, behavioural and educational outcomes: 1) Behaviour Rating 
Inventory of Executive Function, second edition (BRIEF2), Strengths and Difficulties Questionnaire (SDQ) and 3) 
Teacher Academic Attainment Scale (TAAS), and questions on child’s Key Stage scores.  

It should take no longer than 35 minutes to complete a booklet. Stamped addressed envelopes will be provided for 
you to return the completed booklets to the research team. For every two booklets completed by a teacher, £10 
will be donated to SHINE.   

http://www.ulster.ac.uk/


  
 
 

 

 
 

 
Are there any risks and/or disadvantages in taking part? 
There will be no distress to the child as the assessments will be undertaken by you based on your observation of 
the child for the previous 6 months in the classroom. 
The possible disadvantage will be the time taken to complete the booklets.  
 
Are there any possible benefits in taking part? 
This study will help us to better understand the best time for interventions to be put in place to improve the 
cognitive, behavioural and educational development of children with Spina Bifida. This information will be of 
benefit to all parents/guardians of children with Spina Bifida and may guide policy makers’ decisions on service 
delivery.  
 
Parents/guardians of both case and control children will be sent a report on their child containing the scores for 
the measured outcomes for their child and standardised norms for children in the same age and gender group. You 
will be given a short summary of the study findings.   
 
Will my taking part in this study be kept confidential? 
Yes, all information provided will be held in the strictest confidence. No individual child or school will be identified 
in any report.   The document with the child’s name and identification number (ID) will be kept secure and separate 
from the completed booklets in the Chief Investigator’s office. All other paper records will be securely stored 
according to the Data Protection Act 1998 in a locked cabinet in a locked PhD student room at Ulster University. 
Only the unique ID number of the child will be entered into the computer for analysis. The folder on the computer 
containing the information about the child and the analysis will be password protected and kept on a password 
protected computer at Ulster University. No information will be held on portable devices such as laptops, tablets 
or memory pens.  On completion of the study, all data will be retained securely by Ulster University for a further 10 
years after which it will be destroyed. No individual child or school will be identified. 
 
What happens when the study ends? 
All parents/guardians and teachers who participate in the study will be invited to hear the results of the research 
at an event organised with SHINE.   

What if something goes wrong?  
As this study has been carefully planned by the research team and approved by the Institute of Nursing and 

Health Research Governance Filter Committee at Ulster University, the South West – Exeter Research Ethics 

Committee and SHINE, it is extremely unlikely that something will go wrong.  However, the university has 

procedures in place for reporting, investigating, recording and handling adverse events and complaints. Further 

information on the complaints procedure can be found at the University’s “Research Ethics and Governance” 

webpage (Internet address: http://research.ulster.ac.uk/rg/0208ResearchVolunteerComplaintsProcedure.pdf).  

Any complaint or concerns should be made to the Chief Investigator for this study - Dr. Karen Casson or to the 

Head of Research Governance at Ulster University - Mr. Nick Curry (contact details are below).  Complaints will be 

treated seriously and reported to the appropriate authority.  

What will happen to the results of the study? 
The complete results will be included in the PhD thesis at the end of 2018. Papers will be submitted to academic 
journals. Findings of the study will be shared in national and international conferences. These results may also 
contribute to a larger study on children with Spina Bifida in Northern Ireland and the Republic of Ireland for the 
formulation of better evidence based interventions. 
 
Who is organising and funding the research? 

http://research.ulster.ac.uk/rg/0208ResearchVolunteerComplaintsProcedure.pdf


  
 
 

 

 
 

This research is being undertaken for a PhD, supervised by a team of experts at the Ulster University, whose names 
are given in the contact details below. The researcher has received a Vice-Chancellor’s Research Scholarship from 
Ulster University to do this study. 
 
Who has reviewed this study? 
Ethical approval has been obtained from the Institute of Nursing and Health Research (INHR) Research Governance 
Filter Committee and the South West – Exeter Research Ethics Committee and SHINE.   
 
 
If you have any questions or would like to discuss anything about this study, please see the contact details below. 
 

Contact details  
 

Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University  
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk  
 
Investigator: Dr. Maria Loane  
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 366480 or Email: ma.loane@ulster.ac.uk  
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
Tel:  02870 124395 or Email:  v.simms@ulster.ac.uk 
 
PhD Researcher: Mr. Yogesh Gopal Parajuli  
Institute of Nursing and Health Research, Ulster University  
Tel: 02890 368386 or Email: parajuli-y@email.ulster.ac.uk 
 
Research Governance Ulster University: 
Mr. Nick Curry (Head of Research Governance)  
Research Office, University of Ulster, Jordanstown 
Tel: 02890 366629 or Email: n.curry@ulster.ac.uk  

  
       Thank you for taking the time to read this information. If you wish to participate in this study please  
       sign the attached two consent forms and return one to the research team in the stamped addressed     
       envelope provided.  
       If you do not wish to participate in the study, we sincerely thank you for taking the time to read this  
       information.  
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Appendix 23: Consent form for teacher  
Study Title: “Cognitive, behavioural and educational outcomes in children aged 5-11 years with Spina Bifida in 
Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson   
PhD Researcher:  Mr. Yogesh Gopal Parajuli 
 

Please ensure you tick either ‘Yes’ or ‘No’ for all the statements 
 Yes No 

• I confirm that I have read and understand the information given in the 
participant information sheet for the above study and have asked and 
received answers to any questions raised 
 

  

• I confirm that I have received a copy of the signed parent/guardian consent 
form which includes assent from the child agreeing that I may be contacted 
to participate in the study  

  

  

• I confirm that I have received a copy of the signed consent form from the 
school’s Principal agreeing that I may be invited to participate in the study  

 

  

• I understand that my decision is voluntary and that I am free to withdraw 
at any time without giving a reason  

 

  

• If I withdraw at any point, I agree that any information already collected 
until that point will be kept in the study 

 

  

• I understand that the researchers will hold all information collected strictly 
confidential and secure to ensure that I or the school cannot be identified 
as a  participant in the study    

 

  

• I agree to take part in the above study   
 

  

 
  
 
_____________________________  __________________________   _______________________ 
 Name of Teacher                                                          Signature                                          Date  
 
  
 
______________________________  __________________________   _______________________   
 Name of researcher                                                    Signature                                           Date  
 

There are two copies of this consent form for your signature. Please sign both copies and return one in the 
stamped addressed envelope provided.  When your signed consent form is received, we will send you a booklet 
which we request you would please complete.  

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 
 

 

 
 

Appendix 24: Names and addresses of 3 control children to be selected by the Principal in mainstream 
school 
 
This form is for you to record the name, address, date of birth and gender of 3 control children i.e. children 
without Spina Bifida who are in the same class, the same gender and have a similar date of birth as the child with 
Spina Bifida.  

After the researcher has notified you that the teacher has given consent please insert the name and address of 
the parent/guardian of control child #1 on the postage paid envelope provided and post to his/her 
parent/guardian.  

This form is NOT to be returned to the researcher.   

Name, address, date of birth and gender of the child 

Control child #1  
 
 
 
 
Control child #2 
 
 
 
 

Control child #3 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



  
 
 

 

 
 

Appendix 25: Names and addresses of 3 control children to be selected by the Principal in special 
school 
 
This form is for you to record the name, address, date of birth and gender of 3 control children i.e. children with a 
physical disability other than Spina Bifida who are in the same class, the same gender and have a similar date of 
birth as the child with Spina Bifida.  

After the researcher has notified you that the teacher has given consent please insert the name and address of 
the parent/guardian of control child #1 on the postage paid envelope provided and post to his/her 
parent/guardian.  

This form is NOT to be returned to the researcher.   

Name, address, date of birth and gender of the child 

#1  
 
 
 
 

#2 
 
 
 
 

#3 
 
 
 
 

 
  



  
 
 

 

 
 

Appendix 26: Participant Information Sheet (PIS) for parent/guardian of control child in mainstream 
school 
 
       

                                                  
 

 
Study Title: “Thinking skills, behaviour and education in children with Spina Bifida aged 5-11 years in Northern 
Ireland”  
 
We are a research team based at Ulster University who are working in partnership with the Spina Bifida, 
Hydrocephalus, Information, Networking, Equality [SHINE] organisation. We would like to invite you to take part in 
a research study on children in Northern Ireland with and without a condition of the spine called Spina Bifida; this 
may affect their ability to walk and/or carry out day-to day-tasks.  The study will collect information on 
approximately 150 children. Please read the following information about the study and take time to decide whether 
or not you wish to take part. After reading this information sheet you may wish to discuss your participation in this 
study with family, friends and/or your child’s General Practitioner (GP). 

 
What is the purpose of the study?  
The purpose of the study is to investigate the effect of Spina Bifida on thinking skills, behaviour and education for  
5-11 year-olds. We want to be able to understand how children with Spina Bifida develop compared to children  
without Spina Bifida.   
 
Why have I been chosen?  

       You have been chosen because your child has been identified by his/her school’s Principal as a child who is the same  
       gender and has a similar date of birth as a child with Spina Bifida who is in this study. 
        
       Do I have to take part? 

Taking part in this study is voluntary. Even if you decide to take part, you may choose not to answer some of the 
questions or to withdraw from the study at any time. The information already collected will be kept by the research 
team for use in the study. 
  
What will happen to me if I take part?    
If you agree to take part in the study, please sign the two copies of the attached consent form and return one to the 
research team at Ulster University in the stamped addressed envelope provided.   After receiving your signed consent 
form, we will send you a booklet to be completed.  The booklet contains two forms: the Behaviour Rating Inventory 
of Executive Function, second edition (BRIEF-2) for measuring thinking skills and the Strengths and Difficulties 
Questionnaire (SDQ) for measuring behaviour in children.  A short questionnaire about you and your child is   
included as the education of parents and where they live may affect the child. Your postcode will be only used to 
know more about the area you live in. This information will help us to compare children who have Spina Bifida and 
those without the condition. It should take no longer than 30 minutes to complete this booklet and you will receive 
a stamped addressed envelope to return the completed booklet to the research team at Ulster University. 
 
  

http://www.ulster.ac.uk/


  
 
 

 

 
 

Are there any possible benefits in taking part? 
You will receive a report containing the scores for your child’s thinking skills, behaviour and education together 
with average scores for children in the same age and gender group. If your child’s scores are not as expected, you 
may wish to contact one of the support organisations listed below.    
 
The information you provide will help us to better understand the best time for support to be put in place to help 
to improve the thinking skills, behaviour and education development of children with Spina Bifida.   
  
Are there any risks and/or disadvantages in taking part? 
There will be no distress to your child as you will complete the booklet at home and the teacher will complete the 
booklet in school. If you have any concerns, you may wish to discuss your child’s report with their General 
Practitioner (GP) and/or teacher.     
  
Will my taking part in this study be kept confidential? 
Yes, all information provided will be held in the strictest confidence. No individual child or school will be named in 
any report.  All information on you and your child will be locked away securely at Ulster University during the study.  
When the study is finished, all information will be kept securely by Ulster University for a further 10 years after 
which it will be destroyed.  
 
What happens when the study ends? 
All parents/guardians and teachers who participate in the study will be invited to hear the results of the research 
at an event organised with SHINE. For every two booklets completed by a teacher, £10 will be donated to SHINE by 
the researcher. A £10 gift voucher will be posted to you by the researcher when the fully completed booklet is 
returned.  

What if something goes wrong?  
As this study has been carefully planned by the research team and approved by the Institute of Nursing and 

Health Research Governance Filter Committee at Ulster University, the South West – Exeter Research Ethics 

Committee and SHINE, it is unlikely that something will go wrong.  However, if something does go wrong, the 

university has procedures for investigating complaints. Further information on the complaints procedure can be 

found at the University’s “Research Ethics and Governance” webpage (Internet address: 

https://www.ulster.ac.uk/__data/assets/pdf_file/0011/75638/Complaints.pdf).  Any complaint or concerns 

should be made to the Chief Investigator for this study -Dr. Karen Casson or to the Head of Research Governance at 

Ulster University Mr. Nick Curry (contact details are below). Complaints will be treated seriously and reported to 

the appropriate authority. 

What will happen to the results of the study? 
The results are part of a PhD study which will finish at the end of 2018.   Findings of the study will be presented at   
conferences. These results may also be used in a bigger study on children with Spina Bifida in Northern Ireland and 
the Republic of Ireland to improve care. 
 
Who is organising and funding the research? 
This research is being undertaken for a PhD, supervised by a team of experts at Ulster University, whose names and 
contact details are given below. The researcher has received funding from Ulster University to do this study. 
 
 
Who has reviewed this study? 
The Institute of Nursing and Health Research (INHR) Research Governance Filter Committee, the South West – 
Exeter Research Ethics Committee and SHINE have approved the study.   
 



  
 
 

 

 
 

 
If you have any questions or would like to discuss anything about this study, please use the contact details 
below. 
 

Contact details 
 

Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk 
 
Investigator: Dr. Maria Loane 
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 366480 or Email: ma.loane@ulster.ac.uk 
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
Tel:  02870 124395 or Email:  v.simms@ulster.ac.uk 
 
PhD Researcher: Mr. Yogesh Gopal Parajuli  
Institute of Nursing and Health Research, Ulster University 
Tel: 02890 368386 or Email: parajuli-y@email.ulster.ac.uk 
 
Research Governance Ulster University: 
Mr. Nick Curry (Head of Research Governance) 
Research Office, University of Ulster, Jordanstown 
Tel: 02890 366629 or Email: n.curry@ulster.ac.uk 
 

 

 
       Thank you for taking the time to read this information. If you wish to take part in this study please sign  
       the attached two consent forms and return one to the research team in the stamped addressed    
       envelope provided. 
 

              If you do not wish to take part in the study, we sincerely thank you for taking the time to read this  
              information.  

 
                

  

mailto:k.casson@ulster.ac.uk
mailto:ma.loane@ulster.ac.uk
mailto:v.simms@ulster.ac.uk
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       List of support organisations for child development in Northern Ireland/United Kingdom  
Barnardos Northern Ireland 
542 - 544 Upper Newtownards Road 
Belfast, BT4 3HE 
Phone: 028 9067 2366 
Website: 
www.barnardos.org.uk/what_we_do/who_we_are/contact_us/national_regional_offices.htm 
  
Contact a Family Northern Ireland  
63-75 Duncairn Gardens  
Belfast  
BT15 2GB  
Phone: 028 9262 7552 
Email: nireland.office@cafamily.org.uk  
Website: https://www.cafamily.org.uk/  
 
I Can 
31 Angel Gate (Gate 5)  
Goswell Road 
London 
EC1V 2PT 
Phone: 020 7843 2510 
Email: info@ican.org.uk 
Website: http://www.ican.org.uk/  
 
Afasic    
1st Floor 
20 Bowling Green Lane 
London EC1R 0BD  
Helpline: 0300 666 9410 
Tel: 020 7490 9410 
Website:  https://www.afasic.org.uk/  
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Appendix 27: Participant Information Sheet (PIS) for parent/guardian of control child in special school 
 
       

                                                      
 

 
Study Title: “Thinking skills, behaviour and education in children with Spina Bifida aged 5-11 years in Northern 
Ireland”  
  
We are a research team based at Ulster University who are working in partnership with the Spina Bifida, 
Hydrocephalus, Information, Networking, Equality [SHINE] organisation. We would like to invite you to take part in 
a research study on children in Northern Ireland with and without a condition of the spine called Spina Bifida; this 
may affect their ability to walk and/or carry out day-to day-tasks.  The study will collect information on 
approximately 150 children. Please read the following information about the study and take time to decide whether 
or not you wish to take part. After reading this information sheet you may wish to discuss your participation in this 
study with family, friends and/or your child’s General Practitioner (GP). 

What is the purpose of the study?  
The purpose of the study is to investigate the effect of Spina Bifida on thinking skills, behaviour and education  
for 5-11 year-olds. We want to be able to understand how children with Spina Bifida develop compared to children  
without Spina Bifida.           
 
Why have I been chosen?  

       You have been chosen because your child has been identified by their school’s Principal as a child with a physical  
       disability other than Spina Bifida and is the same gender and has a similar date of birth as the child with Spina Bifida  
       in the study.  
 
       Do I have to take part? 

Taking part in this study is voluntary. Even if you decide to take part, you may choose not to answer some of the 
questions or to withdraw at any time. The information already collected will be kept by the research team for use 
in the study. 
 
What will happen to me if I take part?   
If you agree to take part in the study, please sign the two copies of the attached consent form and return one to the 
research team at Ulster University in the stamped addressed envelope provided.   After receiving your signed consent 
form, we will send you a booklet to be completed.  The booklet contains two forms: the Behaviour Rating Inventory 
of Executive Function, second edition (BRIEF-2) for measuring thinking skills and the Strengths and Difficulties 
Questionnaire (SDQ) for measuring behaviour in children.  A short questionnaire about you and your child is   
included as the education of parents and where they live may affect the child. Your postcode will be only used to 
know more about the area you live in. This information will help us to compare children who have Spina Bifida and 
those without the condition.  It should take no longer than 30 minutes to complete this booklet and you will receive 
a stamped addressed envelope to return the completed booklet to the research team at Ulster University. 
 
Are there any possible benefits in taking part? 
You will receive a report containing the scores for your child’s thinking skills, behaviour and education together 
with average scores for children in the same age and gender group. If your child’s scores are not as expected, you 
may wish to contact one of the support organisations listed below.    

http://www.ulster.ac.uk/


  
 
 

 

 
 

 
The information you provide will help us to better understand the best time for support to be put in place to help 
to improve the thinking skills, behaviour and education development of children with Spina Bifida.   
 
Are there any risks and/or disadvantages in taking part? 
There will be no distress to your child as you will complete the booklet at home and the teacher will complete the 
booklet in school. If you have any concerns, you may wish to discuss your child’s report with their General 
Practitioner (GP) and/or teacher.   
   
Will my taking part in this study be kept confidential? 
Yes, all information provided will be held in the strictest confidence. No individual child or school will be named in 
any report.  All information on you and your child will be locked away securely at Ulster University during the study.  
When the study is finished, all information will be kept securely by Ulster University for a further 10 years after 
which it will be destroyed.  
   
What happens when the study ends? 
All parents/guardians and teachers who participate in the study will be invited to hear the results of the research 
at an event organised with SHINE. For every two booklets completed by a teacher, £10 will be donated to SHINE by 
the researcher. A £10 gift voucher will be posted to you by the researcher when the fully completed booklet is 
returned.  

What if something goes wrong?  
As this study has been carefully planned by the research team and approved by the Institute of Nursing and 

Health Research Governance Filter Committee at Ulster University, the South West – Exeter Research Ethics 

Committee and SHINE, it is unlikely that something will go wrong.  However, if something does go wrong, the 

university has procedures for investigating complaints. Further information on the complaints procedure can be 

found at the University’s “Research Ethics and Governance” webpage (Internet address: 

https://www.ulster.ac.uk/__data/assets/pdf_file/0011/75638/Complaints.pdf).  Any complaint or concerns 

should be made to the Chief Investigator for this study - Dr. Karen Casson or to the Head of Research Governance at 

Ulster University Mr. Nick Curry (contact details are below). Complaints will be treated seriously and reported to 

the appropriate authority. 

What will happen to the results of the study? 
The results are part of a PhD study which will finish at the end of 2018. Findings of the study will be presented at   
conferences. These results may also be used in a bigger study on children with Spina Bifida in Northern Ireland and 
the Republic of Ireland to improve care. 
 
Who is organising and funding the research? 
This research is being undertaken for a PhD, supervised by a team of experts at Ulster University, whose names and 
contact details are given below. The researcher has received funding from Ulster University to do this study. 
 
Who has reviewed this study? 
The Institute of Nursing and Health Research (INHR) Research Governance Filter Committee the South West – 
Exeter Research Ethics Committee and SHINE have approved the study.                   
  



  
 
 

 

 
 

If you have any questions or would like to discuss anything about this study, please use the contact details 
below. 
 

Contact details 
 
Chief Investigator: Dr. Karen Casson 
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 368293 or Email: k.casson@ulster.ac.uk 
 
Investigator: Dr. Maria Loane 
Institute of Nursing and Health Research, Ulster University 
Tel:  02890 366480 or Email: ma.loane@ulster.ac.uk 
 
Supervisor: Dr. Victoria Simms 
Psychology Research Institute, Ulster University 
Tel:  02870 124395 or Email:  v.simms@ulster.ac.uk 
 
PhD Researcher: Mr. Yogesh Gopal Parajuli 
Institute of Nursing and Health Research, Ulster University 
Tel: 02890 368386 or Email: parajuli-y@email.ulster.ac.uk 
 
Research Governance Ulster University: 
Mr. Nick Curry (Head of Research Governance) 
Research Office, University of Ulster, Jordanstown 
Tel: 02890 366629 or Email: n.curry@ulster.ac.uk 

 
   Thank you for taking the time to read this information. If you wish to take part in this study please sign  
   the attached two consent forms and return one to the research team in the stamped addressed   
   envelope provided.                                 
   If you do not wish to take part in the study, we sincerely thank you for taking the time to read this  
   information. 
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List of support organisations for child development in Northern Ireland/United Kingdom 

Barnardos Northern Ireland 
542 - 544 Upper Newtownards Road 
Belfast, BT4 3HE 
Phone: 028 9067 2366 
Website: 
www.barnardos.org.uk/what_we_do/who_we_are/contact_us/national_regional_offices.htm 
  
Contact a Family Northern Ireland  
63-75 Duncairn Gardens  
Belfast  
BT15 2GB  
Phone: 028 9262 7552 
Email: nireland.office@cafamily.org.uk  
Website: https://www.cafamily.org.uk/  
 
I Can 
31 Angel Gate (Gate 5)  
Goswell Road 
London 
EC1V 2PT 
Phone: 020 7843 2510 
Email: info@ican.org.uk 
Website: http://www.ican.org.uk/  
 
Afasic    
1st Floor 
20 Bowling Green Lane 
London EC1R 0BD  
Helpline: 0300 666 9410 
Tel: 020 7490 9410 
Website:  https://www.afasic.org.uk/ 

  

mailto:nireland.office@cafamily.org.uk
https://www.cafamily.org.uk/
mailto:info@ican.org.uk
http://www.ican.org.uk/


  
 
 

 

 
 

Appendix 28: Participant Information Sheet (PIS) for control child aged 10-11 years 

                                                                                                                       

 

Please read this Participation Information 
Sheet to your child. This will tell them about 
our study. We want to check that they are 
happy for you and their teacher to fill out 
some forms about them. If they are happy 
with this, please tick the boxes on the 
attached consent form.   

 

Would you like to help us with the Spina 
Bifida Study? 

We are a group of people who are doing a 
study to find out how children with Spina 
Bifida get on at primary schools. We are 
inviting you, your parent and your teacher to 
take part in this study. It is important that you 
understand why the study is being done and 
what you and your parents would be asked to 
do if you agree to take part. That is what this 
leaflet is for. 

  You and your parents can talk 
about the study with one of us if you want to 
find out more before you decide whether you 
would like to take part. It is your choice if you 
would like to take part and you can always 
change your mind. 
 
Why is the Spina Bifida study being done? 
We really want to know how children with 
Spina Bifida grow up.  
 
 
 
 
 
 
 
 
 
 

What will I need to do if I take part?   
You do not have to do anything. If you are 
happy, your parent and teacher will fill out a 
form.  
 

        
 
What happens at the end of the study? 
When we have finished the study we will 
know more about how children who have 
Spina Bifida are getting on at home and 
school compared to their classmates. 
 
We will write about what we found out.   

 
What do I do next?  
If you are happy to take part, your parents will 
let us know and we will send forms to your 
parent and teacher to fill in. 
 

Thank you for reading this with your parent! 

http://www.ulster.ac.uk/


 
 

Version 5, 1st October 2020 
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Appendix 29: Participant Information Sheet (PIS) for control child aged 8-9 years  

                                     

 

Please read this Participation Information 
Sheet to your child. This will tell them about 
our study. We want to check that they are 
happy for you and their teacher to fill out 
some forms about them. If they are happy 
with this, please tick the boxes on the 
attached consent form.   

 

Would you like to help us with the Spina 
Bifida Study? 

We are a group of people who are doing a 
study to find out how children with Spina 
Bifida get on at school. We are asking you, 
your parent and your teacher to take part in 
this study. We want you to know why the 
study is being done and what you and your 
parents will do if you are happy to take part.  

  You and your parents can talk 
about the study with one of us if you want to 
find out more. It is up to you if you want to 
take part. You can change your mind. 
 
Why is the Spina Bifida study being done? 
We want to know how children with Spina 
Bifida grow up.  
 
What will I need to do if I take part?   
You do not have to do anything. If you are 
happy, your parent and teacher will fill out a 
form.  
 

         
 
What happens at the end of the study? 
When the study is over we will know more 
about how children who have Spina Bifida get 
on at home and school compared to their 
classmates. 
 
We will write about what we found out.   

 
 
What do I do next?  
If you are happy to take part, your parents will 
let us know and we will send forms to your 
parent and teacher to fill in. 
 
Thank you for reading this with your parent! 

http://www.ulster.ac.uk/
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Appendix 30:  Consent form for parent/guardian of control child  
Study Title: “Thinking skills, behaviour and education in children aged 5-11 years with Spina Bifida 
in Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson   
PhD Researcher:  Mr. Yogesh Gopal Parajuli 

 Please ensure you tick either ‘Yes’ or ‘No’ for all the statements 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Yes No 

• I have read and understand the information given in the participant 
information sheet for the above study and have asked and received answers 
to any questions raised.  

  

• I understand that taking part is voluntary and that I am free to withdraw at 
any time without giving a reason. 

  

• If I withdraw at any point, I agree that any information already collected until 
that point will be kept in the study. 

  

• I understand that the researchers will hold all information collected in 
strictest confidence and securely so that I or my child cannot be identified 
and I give permission for the researchers to hold all information I provide. 

  

• I agree that the researcher can ask my child’s teacher to complete the 
booklet. 

  

• I agree to allow the researcher to send a copy of this signed consent form to 
my child’s school Principal and teacher so they can see that I have agreed 
the researcher may contact him/her. 

 

 

 

 

• I agree to allow the researcher to keep my address until the 1st December 
2018 after which it will be destroyed. The researcher will use my address to 
post me a £10 gift voucher when he receives my fully completed forms.  

  

• I agree to take part in the above study.   
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Agreement for child (assent) 
 

Please ensure you tick either ‘Yes’ or ‘No’ for all the statements 
 Yes No 

• I have discussed this study with my child using the child information sheet and my child 
has agreed to allow me a complete a form about them. 

  

• I have discussed this study with my child using the child information sheet and my child 
has agreed to allow their teacher to a complete a form about them. 

  

 
 
__________________________________      ________________________  _____________________ 
Name of Parent/Guardian                                                      Signature                                      Date  
 
 
 
 
 
Name of the child: ______________________________ 
 
 
Address of Parent/Guardian with postcode 
__________________________________ 
__________________________________ 
__________________________________ 
__________________________________ 
 
__________________________________       ________________________  _____________________ 
Name of researcher                                                              Signature                                         Date  
 
Instruction:  
There are two copies of this consent form for your signature. Please sign both copies and return one in the 
stamped addressed envelope provided.  When your signed consent form is received, we will send you a 
booklet which we request you would please complete. 
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Appendix 31: Booklet to be completed by parent/guardian of child with Spina Bifida 
Cover page  

       

 
 

 

Study Title: “Thinking skills, behaviour and education in children aged 5-11 years with Spina 
Bifida in Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli                                  ID No. of Child:  
 
                                                                                                                     

Instruction: 
Please complete this booklet and post it to the researcher in the stamped addressed envelope 
provided.   
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Page 1 
Study Title: “Thinking skills, behaviour and education in children aged 5-11 years with Spina 
Bifida in Northern Ireland”  
 

Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli                    ID No. of Child:      
 

Please answer the questions carefully.  
 

1. What age is your child who has Spina Bifida?                      years 
 

2. What gender is your child who has Spina Bifida?                               Male                    Female  

     

3. How old were you at the time of birth of this child with Spina Bifida?                         years    

 
4. What is the highest educational qualification you have obtained?  (Please tick one box 

only) 

 
 
 
 
 
 
 
 

5. What is your BT postcode?  Please provide here………………………………………………. 
6. Does your child suffer from epilepsy?  

 
            Yes 

 
                         No 

If yes, what age was your child when diagnosed with epilepsy?                 years 
 

7. What type of school is your child is attending? 

                     Mainstream school   

                     Special unit in mainstream school   

                     Special school  
 

8. Does your child receive additional support in school?          
 
 
 

9. If yes, what additional support does he/she receive, e.g. classroom assistant, reading recovery 
teacher 

            Please state ………………………………………………………………………… 
                                   ………………………………………………………………………… 
                                   …………………………………………………………………………  

 

 

 

 

  

  

  

  

 

 

GCSE/HNC or equivalent  

AS level/HND or equivalent  

A-level or equivalent  

Foundation Degree  

Degree  

Other- Please specify  

 

 
            Yes 

 
                         No 
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Page 2 
ID No. of Child:  
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Page 3 
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Page 4 
ID No. of Child:  
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Appendix 32: Booklet to be completed by parent/guardian of child without Spina Bifida 
Cover page  

       

 
 
 

Study Title: “Thinking skills, behaviour and education in children aged 5-11 years with Spina 
Bifida in Northern Ireland”  
  
 

Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli                                   ID No. of Child:  
 

Instruction: 
Please complete this booklet and post it to the researcher in the stamped addressed envelope 
provided.   
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Page 1 
Study Title: “Thinking skills, behaviour and education in children aged 5-11 years with Spina 
Bifida in Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli                                   ID No. of Child:  
  

Please answer the questions carefully.  

 

1. What age is your child?                 years 

 

2. What is the gender of your child?          Male                     Female  

 

3. How old were you at the time of birth of this child?                                years  

                   

4. What is the highest educational qualification you have obtained?  (Please tick one box only) 

GCSE/HNC or equivalent  

AS level/HND or equivalent  

A-level or equivalent  

Foundation Degree  

Degree  

Other- Please specify  

  

5. What is your BT postcode?  Please provide here………………………………………………. 
6. What type of school is your child is attending? 

                Mainstream school   

               Special unit in mainstream school   

                Special school 

7. Does your child receive additional support in school?          

 
            Yes 

 
                         No 

 
8. If yes, what additional support he/she receives at school, e.g. classroom assistant, reading 

recovery teacher, etc. 
 
Please state       …………………………………………………………………… 
                             …………………………………………………………………… 
                             …………………………………………………………………… 
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Page 2 
ID No. of Child:  
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Page 3 
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Page 4 

ID No. of Child:  
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Appendix 33: Booklet to be completed by teacher of child with Spina Bifida and without 
Spina Bifida 

Cover page 
        

 
 
 

Study Title: “Thinking skills, behaviour and education outcomes in children aged 5-11 years with 
Spina Bifida in Northern Ireland”  
 
Chief Investigator: Dr. Karen Casson  
PhD Researcher:  Mr. Yogesh Gopal Parajuli                      ID No. of Child:  
                                                                                                      
                                                                                                     Name of child: 
________________________ 
 

Instruction: 
Please remove and destroy this page after completion of the booklet. When completed please 
post the booklet without the cover page back to the researcher in the stamped addressed 
envelope provided.   
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Page 1 

ID No. of Child:                                                                                         
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Page 2 
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Page 3 
ID No. of Child:  
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Page 4  
ID No. of Child:  

 
 
Please circle one appropriate for the child:   Key Stage     1                  2 

 
Subjects Raw score Scaled score 

Mathematics   

English reading   

English grammar, punctuation and 

spelling 
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Page 5 

ID No. of Child:  
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Appendix 34: Proforma for recording extracted medical data for child with Spina Bifida   
 
(Cover page- To be removed and destroyed by the Chief Investigator after completion)   
 
Name of child:                                                                                                ID No. of child:  

 
 
Address of child: 
__________________________________ 
__________________________________ 
__________________________________ 
__________________________________ 
 
 

Date of Birth of child:  
 

 

Health and Care Number of child:  
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Page 1 
 
(Data to be extracted by the Chief Investigator) 
                                                                                                                   ID No. of child: 

 

 

 
 

1) Type of SB 
(Please tick one) 

 

Myelomeningocele 

 

 

 

Meningocele 

 

 

 

Spina Bifida Occulta 

 

 

  
2) Lesion level on the vertebral 

column 
(Please tick the appropriate 
level)  

                                Thoracic level- T 
 

 

Lumbar level-   L 
 

 

Sacral level-      S 
 

 

 

3) Hydrocephalus  

(Please circle one) 

 

Yes 

 

 
 

                      No 

 
 

4) Has shunt been placed for 
hydrocephalus? 
(Please circle one) 
 

 

Yes 

 

 
 

                      No 

5) If yes, please note the age at 
first shunt placed (how many 
years and months) 
 

 

 
6) Please note the number of 

shunt revisions since birth  
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Appendix 35: Check for TAAS forms completed by teachers 
Table 35a: TAAS form completed on children with Spina Bifida 

Subjects Completed 

N Percent 

English/Literacy 13 100.0 

Mathematics  13 100.0 

Art and Design  13 100.0 

Geography  10 76.9 

History  11 84.6 

IT  12 92.3 

Science 10 76.9 

Design and Technology 11 84.6 

 
 
Table 35b: TAAS form completed on children without Spina Bifida 

Subjects Completed 

N Percent 

English/Literacy 6 100.0 

Mathematics  6 100.0 
Art and Design  6 100.0 

Geography  6 100.0 

History  6 100.0 
IT  6 100.0 

Science 6 100.0 

Design and Technology  6 100.0 
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Table 35c: Age of children with Spina Bifida in years and numbers completed 

 

 

 

 

 

 

 

 

Age of children with Spina Bifida in years and Numbers Completed 

Subjects / Age 
in years  5 6 7 8 9 10 11 

 
Total 

English/Literacy 1 3 3 2 2 1 1 13 

Mathematics  1 3 3 2 2 1 1 13 

Art and Design  1 3 3 2 2 1 1 13 

Geography  1 2 2 2 1 1 1 10 

History  1 2 2 2 2 1 1 11 

IT  1 3 2 2 2 1 1 12 

Science 1 2 2 2 1 1 1 10 

Design and 

Technology  

1 3 2 2 1 1 1 11 
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Appendix 36: Histogram plot for test of normality   
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Table 36a: Test of normality of continuous data 

Variable Group Kolmogorov-Smirnov test for 
Normality 

Age of child (years) 

 

Spina Bifida 0.200 

Without Spina 
Bifida 

0.200 

Area of deprivation 

[MDM 2017 summary 
score based on 
mother’s Postcode and 
Super Output Area 
(SOA)] 

Spina Bifida 0.006* 

Without Spina 
Bifida 

 

0.200 

Mother’s age at the 
time of birth of child 
(years) 

 

Spina Bifida 0.200 

Without Spina 
Bifida 

0.200 
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Appendix 37: Histogram plot for test of normality of BRIEF2 scores  

(From parent/guardian BRIEF2 report) 
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(From BRIEF2 teacher report 
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445 
 

Table 37a: Test of normality of BRIEF2 T-score data 
 BRIEF2 Parent 

Rating 
BRIEF2 Teacher 

Rating 

Variable Group Kolmogorov-Smirnov test for Normality 

BRIEF2 Inhibit   
 

Spina Bifida 0.200 0.128 
Without Spina Bifida 
 

0.200 0.200 

BRIEF2 Self Monitor   Spina Bifida 0.085 0.022* 
Without Spina Bifida 
 

0.021* 0.200 

BRIEF2 BRI   
 

Spina Bifida 0.200 0.021* 
Without Spina Bifida 
 

0.075 0.200 

BRIEF2 Shift   Spina Bifida 0.200 0.200 
Without Spina Bifida 
 

0.200 0.200 

BRIEF2 Emotional Control   
 

Spina Bifida 0.200 0.062 
Without Spina Bifida 
 

0.200 0.004* 

BRIEF2 ERI   Spina Bifida 0.200 0.200 
Without Spina Bifida 
 

0.118 0.200 

BRIEF2 Initiate   Spina Bifida 0.200 0.162 

Without Spina Bifida 
 

0.200 0.002* 

BRIEF2 Working Memory   Spina Bifida 0.200 0.200 
Without Spina Bifida 
 

0.096 0.200 

BRIEF2 Plan Organize   Spina Bifida 0.200 0.200 
Without Spina Bifida 
 

0.200 0.000 

BRIEF2 Task Monitor   Spina Bifida 0.200 0.200 
Without Spina Bifida 
 

0.200 0.200 

BRIEF2 Organization of 
Materials   

Spina Bifida 0.200 0.131 
Without Spina Bifida 
 

0.025* 0.002* 

BRIEF2 CRI   Spina Bifida 0.200 0.200 
Without Spina Bifida 
 

0.027* 0.200 

BRIEF2 GEC   Spina Bifida 0.200 0.200 

Without Spina Bifida 0.076 0.144 

* p<0.05  
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Appendix 38: Assumptions of the linear regression model (BRIEF2 GEC score)   
Model 1: Parent/guardian rating 

1) Independence of observations assumption: In the data analysed in this study, each parent had 

only one child. Hence, a single GEC score was taken for every pair of parent-child, therefore, the 

nature of the study design confirmed the independence of the observations. This was further 

confirmed by the Durbin-Watson statistic, whose value close to 2 (2.747) confirmed the 

independence of the observations. Even though, to maintain comparability with analyses that 

involved teacher’s rating, robust standard errors were estimated.   

2) Checking for the normality  
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3) Assumption of constant variance  

 
 
The plot of residuals versus the fitted values displayed no pattern (hettest p value >0.05). This is 

true, since each parent had only one child in our study. Thus, the homoscedasticity assumption 

held true when analysing ratings performed by parents. 

Model 1-Teacher rating 

1) Independence of observations assumption: For this analysis, children that attended to the same 

class were evaluated by the same teacher. This shows a natural clustering organisation (children 

nested under teachers). To correct for this lack of independence, all models were adjusted using 

robust standard error estimation.  
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2) Checking for the normality  

 
 
The symmetrical distribution of the residuals confirmed the symmetrical distribution of the 

dependent variable, GEC scores.  

 

3) Assumption of constant variance 
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The plot of residuals versus the fitted values shows some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach. 

  
Model 2-Parent/guardian rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 
 

The residuals were symmetrically distributed. 

 
3) Assumption of constant variance 
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The plot of residuals versus the fitted values displayed that predicted values were clustered in 

two different ranges (between 0.5; 1.0 and between -1.5; -1.0). In order to correct for this issue, 

all models were adjusted using a robust standard error approach to obtain respect the 

homoscedasticity assumption. 

 

Model 2-Teacher rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

The residuals were symmetrically distributed. 

 
3) Assumption of constant variance 
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The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach. 

 

Model 3-Parent/guardian rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 

The residuals were symmetrically distributed. 

 
3) Assumption of constant variance 
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The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach. 

 

Model 3-Teacher rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 

The residuals were symmetrically distributed. 

 
3) Assumption of constant variance 
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The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach. 

Model 4-Parent/guardian rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 

 
3) Assumption of constant variance 
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The plot of residuals versus the fitted values displayed no pattern (hettest p value >0.05), hence 

the assumption of homoscedasticity for the outcome variable was satisfied in this model. 

Model 4-Teacher rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 
 

 
 

3) Assumption of constant variance 

 
The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach.
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Appendix 39: Output for linear regression models (BRIEF2 GEC score)  
 

 
Crude model: BRIEF2 GEC scores (parent/guardian rating)  

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 10.29605 5.041605 2.04 0.052 -0.0873278 20.67943 

Constant 52.125 3.899008 13.37 < 0.001 44.09484 60.15516 

 
Model 1 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 10.34396 4.848813 2.13 0.043 0.3365053 20.35142 

Age of child 1.456513 1.477713 0.99 0.334 -1.593336 4.506363 

Constant 40.65496 10.1047 4.02 < 0.001 19.79989 61.51002 

 
Model 2 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 9.83592 4.916323 2 0.057 -0.3108714 19.98271 
Area of deprivation -0.0091401 0.0132437 -0.69 0.497 -0.0364738 0.0181936 
Constant 56.84587 8.876163 6.4 0 38.52637 75.16537 

 
    Model 3 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 10.30262 5.531452 1.79 0.087 -1.62062 22.212 

Degree -1.19582 5.255898 -0.23 0.822 -12.04346 9.65182 

Constant 54.06821 10.64699 5.08 < 0.001 32.09391 76.04251 
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Model 4 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 11.38809 5.193408 2.19 0.038 0.6694209 22.10676 
Mother's age -0.3896468 0.407166 -0.96 0.348 -1.229996 0.4507025 
Constant 63.13252 12.40464 5.09 < 0.001 37.53061 88.73443 

 
Crude model: BRIEF2 GEC scores (teacher rating)  

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 22.16667 3.939318 5.63 < 0.001 13.81568 30.51765 

Constant 42.33333 0.8897565 47.58 < 0.001 40.44713 44.21953 

 
Models 1-4 (adjusted models): BRIEF2 GEC scores (teacher rating)  
 
Model 1  

Coefficient Robust SE t P value 95% CI 

Spina Bifida 21.81002 4.214631 5.17 < 0.001 12.82674 30.79329 

Age of child -1.426598 1.157569 -1.23 0.237 -3.893897 1.040702 

Constant 53.27058 8.818283 6.04 < 0.001 34.47486 72.06631 

 
Model 2 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 21.73098 5.063693 4.29 0.001 10.93797 32.52398 

Area of deprivation -0.0042437 0.0148301 -0.29 0.779 -0.0358534 0.0273659 

Constant 44.73742 8.426286 5.31 < 0.001 26.77721 62.69762 
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Model 3 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 22.7632 5.482224 4.24 0.002 9.72647 35.8217 

Degree 2.55814 6.679794 0.38 0.707 -11.6795 16.79578 

Constant 38.06977 11.2587 3.38 0.004 14.07242 62.06711 

 
Model 4 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 23.61353 4.137328 5.71 < 0.001 14.79502 32.43204 

Mother's age -0.6430509 0.4194128 -1.53 0.146 -1.537008 0.2509062 

Constant 60.12441 11.89031 5.06 < 0.001 34.78081 85.46801 
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Appendix 40: Output for logistic regression models (categorised BRIEF2 GEC score)  
 

Crude model: BRIEF2 GEC score (parent/guardian rating) 
 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 2.499998 3.029726 0.76 0.45 0.2324749 26.88459 
Constant 0.1428572 0.15563 -1.79 0.074 0.0168887 1.208395 

 
Models 1-4 (adjusted models): categorised BRIEF2 GEC score (parent/guardian rating) 
 
Model 1 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 2.689933 2.98154 0.89 0.372 0.3063826 23.61669 
Age of child 1.31834 0.3175173 1.15 0.251 0.822278 2.113665 
Constant 0.0144589 0.0259528 -2.36 0.018 0.0004288 0.4875119 

 
Model 2 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 2.206013 2.397508 0.73 0.467 0.2621302 18.56518 

Area of deprivation 0.9971108 0.0021157 -1.36 0.173 0.9929727 1.001266 

Constant 0.557267 0.8411619 -0.39 0.698 0.0289217 10.73748 

 
Model 3 

 Coefficient Robust SE t P value 95% CI 
Spina Bifida 2.7665 2.28597 0.43 0.462 0.18252509 42.334311 
Degree 0.25 0.3267821 -1.06 0.289 0.019289 3.240184 

Constant 1.142857 2.699584 0.06 0.955 0.0111516 117.124 
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Model 4 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 3.095992 3.776988 0.93 0.354 0.2833788 33.82456 
Mother's age 0.9128662 0.0867994 -0.96 0.338 0.7576542 1.099875 
Constant 1.818302 5.254112 0.21 0.836 0.0063104 523.9296 
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Appendix 41: Histogram plot for test of normality of SDQ scores  

(From parent/guardian SDQ report) 
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(From teacher SDQ report) 

 
 

  

 
*The teacher report: SDQ Conduct Problem Score is constant, therefore the histogram plot has 
been omitted. 
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Table 41a: Test of Normality of SDQ data 

 SDQ 
Parent 
Rating 

SDQ Teacher 
Rating 

  
Variable 

 
Group 

Kolmogorov-Smirnov test 
for Normality 

Emotional symptoms Spina Bifida 0.057 0.018* 
Without Spina Bifida 

 
0.200 0.0001* 

Conduct problems Spina Bifida 0.001* 0.012* 
Without Spina Bifida 

 
0.089 0.0001* 

Hyperactivity/ Inattention Spina Bifida 0.081 0.034* 
Without Spina Bifida 

 
0.027* 0.200 

Peer problems Spina Bifida 0.002* 0.200 
Without Spina Bifida 

 
0.118 0.0001* 

Prosocial behaviour Spina Bifida 0.032* 0.061* 
Without Spina Bifida 

 
0.200 0.006* 

Total difficulties Spina Bifida 0.200 0.174 

Without Spina Bifida 0.200 0.138 
* p<0.05 
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Appendix 42: Assumptions of the linear regression model for outcome Variable: SDQ total 
difficulties score 

Model 1: Parent/guardian rating 

1) Independence of observations assumption: Since in this study, a single SDQ total difficulties 

score was taken for every pair of parent-child, the nature of the study design confirmed the 

independence of the observations in the dependent variable. This was further confirmed by 

the Durbin-Watson statistic, whose value close to 2 (2.664) confirmed the independence of 

the observations. However, to keep comparability to other analyses, these were also 

estimated using a robust standard error estimation.  

 

2) Checking for the normality  
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3) Assumption of constant variance  

 
 

 
 
 
The plot of residuals versus the fitted values displayed no pattern (hettest p value >0.05), hence 

the assumption of homoscedasticity for the outcome variable was satisfied in this model. 

 

Model 1-Teacher rating 

1) Independence of observations assumption: For this analysis, children that attended the same 

class were evaluated by the same teacher. This shows a natural clustering organisation 

(children nested under teachers). To correct for this lack of independence, all models were 

adjusted using robust standard error estimation. 
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2) Checking for the normality  

 
 
The symmetrical distribution of the residuals confirmed the symmetrical distribution of the 

dependent variable, SDQ total difficulties scores.  
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3) Assumption of constant variance 

 
 
The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach to 

achieve homoscedasticity. 

  
Model 2-Parent/guardian rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  
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The residuals were symmetrically distributed. 

 
3) Assumption of constant variance 

 
 
The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach to 

achieve homoscedasticity. 
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Model 2-Teacher rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 
 
3) Assumption of constant variance 

 
 

 
The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach to 

achieve homoscedasticity. 
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Model 3-Parent/guardian rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 
 

3) Assumption of constant variance 

 
 
The plot of residuals versus the fitted values displayed no pattern (hettest p value >0.05), hence 

the assumption of homoscedasticity for the outcome variable was satisfied in this model. 
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Model 3-Teacher rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 
 

 
3) Assumption of constant variance 

 
 
 
The plot of residuals versus the fitted values showed some clusters, indicating heteroscedasticity 

of residuals. To correct this issue, all standard errors were estimated using a robust approach to 

achieve homoscedasticity. 



 
 
  

 

473 
 

Model 4-Parent/guardian rating 

1) Independence of observations assumption: The argument is the same as the case of model 1. 

2) Checking for the normality  

 
 
3) Assumption of constant variance 

 
 
The plot of residuals versus the fitted values displayed no pattern (hettest p value >0.05), hence 

the assumption of homoscedasticity for the outcome variable was satisfied in this model. 
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Model 4-Teacher rating 

Independence of observations assumption: The argument is the same as the case of model 1. 

1) Checking for the normality  

 
 
 
2) Assumption of constant variance 

 
 
The plot of residuals versus the fitted values displayed no pattern (hettest p value >0.05), hence 

the assumption of homoscedasticity for the outcome variable was satisfied in this model. 



 
 
  

 

475 
 

Appendix 43: Output for continuous models (SDQ total difficulties score)  
 
Crude model: SDQ total difficulties score (parent/guardian rating)  

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 3.131579 2.747683 1.14 0.265 -2.52738 8.790537 

Constant 10.5 2.301901 4.56 < 0.001 5.759145 15.24085 

 
Model 1 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 3.149449 2.701048 1.17 0.255 -2.425239 8.724138 
Age of child 0.5432555 0.8275365 0.66 0.518 -1.164696 2.251207 

Constant 6.221863 5.814889 1.07 0.295 -5.779478 18.2232 
 
Model 2 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 2.68667 2.50551 1.07 0.294 -2.484448 7.857789 
Area of deprivation -0.0088377 0.005378 -1.64 0.113 -0.0199373 0.0022619 
Constant 15.06467 3.669567 4.11 < 0.001 7.491058 22.63829 

 
Model 3 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 3.064906 3.17422 1.01 0.314 -3.215806 9.56419 
Degree -0.2156216 2.72634 -0.08 0.938 -5.84251 5.411267 
Constant 10.85039 5.517417 1.97 0.061 -0.5370037 22.23777 

 
Model 4 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 4.240941 2.723771 1.56 0.133 -1.380647 9.862528 
Mother's age -0.3958286 0.2013569 -1.97 0.061 -0.8114088 0.0197517 
Constant 21.68216 6.019362 3.6 0.001 9.258804 34.10551 
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Crude model): SDQ total difficulties scores (teacher rating)  
 

 Coefficient Robust SE t P value 95% CI 
Spina Bifida 10.56044 1.868647 5.65 < 0.001 6.634557 14.48632 
Constant 2.285714 0.509069 4.49 < 0.001 1.2162 3.355229 

 
Model 1 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 10.43764 2.147532 4.86 < 0.001 5.90674 14.96853 
Age of child -0.2031822 0.5838162 -0.35 0.732 -1.434927 1.028562 
Constant 3.940198 4.781261 0.82 0.421 -6.147382 14.02778 

 
Model 2 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 10.39164 2.027963 5.12 < 0.001 6.113013 14.67027 

Area of deprivation -0.0031593 0.0053534 -0.59 0.563 -0.014454 0.0081354 

Constant 3.828819 2.624734 1.46 0.163 -1.708884 9.366523 

 
Model 3 

 Coefficient Robust SE t P value 95% CI 
Spina Bifida 10.55743 2.508126 4.22 0.001 4.48957 16.1279 
Degree 0.079235 3.159245 0.03 0.98 -6.586188 6.744658 
Constant 2.161202 5.041646 0.43 0.674 -8.475742 12.79815 

 
Model 4 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 11.45492 1.883794 6.08 < 0.001 7.480463 15.42938 
Mother's age -0.4376228 0.192159 -2.28 0.036 -0.8430429 -0.0322028 

Constant 14.3516 5.474926 2.62 0.018 2.800517 25.90268 
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Appendix 44: Output for logistic regression models (categorised SDQ total difficulties score) 
 
Crude model: SDQ total difficulties score (parent/guardian rating) 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 1.3125 1.659091 0.22 0.83 0.1101848 15.63425 
Constant 0.1428571 0.1556299 -1.79 0.074 0.0168886 1.208395 

 
 
Models 1-4 (adjusted models): categorised SDQ total difficulties score (parent/guardian rating) 
 

Model 1 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 1.404549 1.63337 0.29 0.77 0.143768 13.72181 
Age of child 1.390174 0.3523289 1.3 0.194 0.8459385 2.284545 
Constant 0.0090728 0.0166989 -2.55 0.011 0.0002461 0.334509 

Model 2 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 1.162827 1.484487 0.12 0.906 0.0952479 14.19629 
Area of deprivation 0.9979917 0.0024653 -0.81 0.416 0.9931716 1.002835 
Constant 0.3786147 0.693077 -0.53 0.596 0.0104718 13.68905 

 

Model 3 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 1.4629092 1.51611 0.02 0.906 0.10573353 19.187084 
Degree 0.4366452 0.6474413 -0.56 0.576 0.023878 7.984701 

Constant 0.516313 1.440096 -0.24 0.813 0.0021815 122.2019 
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Model 4 

 Coefficient Robust SE t P value 95% CI 

Spina Bifida 1.686285 2.202473 0.4 0.689 0.1303671 21.81191 
Mother's age 0.8448094 0.111529 -1.28 0.201 0.6522076 1.094288 
Constant 15.05264 56.75262 0.72 0.472 0.0092971 24371.26 
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Appendix 45: Search strategy for the literature pertaining to the engagement of 
stakeholders in research related to developmental outcomes of children with Spina Bifida 
 
Database(s): APA PsycInfo 1806 to July Week 1 2020  
Search Strategy: 

# Searches Results 

1 parent*.mp. 300412 

2 guardian*.mp. 4619 

3 mother*.mp. 136475 

4 father*.mp. 50315 

5 teacher*.mp. 207703 

6 educator*.mp. 54153 

7 exp Caregivers/ or care giver*.mp. 29424 

8 exp Stakeholder/ or stakeholder*.mp. 25200 

9 communication.mp. or exp Communication/ 424119 

10 nonparticipation.mp. 440 

11 exp Participation/ 18730 

12 enrol*.mp. 59043 

13 involvement.mp. or exp Involvement/ 114903 

14 engagement.mp. or exp Psychological Engagement/ 70546 

15 study.mp. 1712921 

16 study setting.mp. 4131 

17 exp Research Setting/ or research*.mp. 1117977 

18 home.mp. 119039 

19 school*.mp. or exp Primary School Students/ 461752 

20 exp Hospitals/ or hospital.mp. 126178 

21 Spina Bifida.mp. or exp Spina Bifida/ 1181 

22 myelomeningocele.mp. or exp Spina Bifida/ 955 

23 children*.mp. 560643 

24 
exp Childhood Development/ or exp Delayed Development/ or exp Development/ or 
development*.mp. or exp Cognitive Development/ or exp Psychological Development/ 
or exp Emotional Development/ or exp Early Childhood Development/ 

1059809 

25 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 629528 

26 9 or 10 or 11 or 12 or 13 or 14 646358 

27 15 or 16 or 17 or 18 or 19 or 20 2592826 

28 21 or 22 or 23 or 24 1377184 

29 25 and 26 and 27 and 28 56889 

30 limit 29 to (100 childhood and english and yr="2010 -Current") 14073 
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Database(s): Embase 1974 to 2020 Week 28  
Search Strategy: 

# Searches Results 

1 parent.mp. or parent/ 259163 

2 guardian.mp. or legal guardian/ 5281 

3 mother.mp. or mother/ 209811 

4 father/ or father.mp. 45851 

5 teacher/ or teacher.mp. or school teacher/ 48727 

6 educator.mp. 9269 

7 care giver.mp. or caregiver/ 81369 

8 stakeholder.mp. or stakeholder engagement/ 15310 

9 communication.mp. 525720 

10 non participation.mp. 1233 

11 participation.mp. 215313 

12 enrol.mp. 1966 

13 involvement.mp. 602815 

14 stakeholder engagement/ or engagement.mp. 86481 

15 study.mp. or study/ 16558911 

16 study setting.mp. 60562 

17 research.mp. or research/ 2566372 

18 research setting.mp. 2811 

19 home/ or home.mp. 376041 

20 school.mp. or school/ 676737 

21 hospital.mp. or hospital/ 2170183 

22 Spina Bifida.mp. 11341 

23 myelomeningocele.mp. or meningomyelocele/ 8165 

24 children.mp. or child/ 2133335 

25 
child development/ or cognitive development/ or brain development/ or 
development/ or development.mp. 

3614608 

26 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 601750 

27 9 or 10 or 11 or 12 or 13 or 14 1368369 

28 15 or 16 or 17 or 18 or 19 or 20 or 21 18739724 

29 22 or 23 or 24 or 25 5479288 

30 26 and 27 and 28 and 29 31930 

31 limit 30 to (english and yr="2010 -Current" and school child <7 to 12 years>) 1994 
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Database(s): Ovid MEDLINE(R) ALL 1946 to July 14, 2020  
Search Strategy: 

# Searches Results 

1 parent.mp. or Parents/ 199923 

2 guardian.mp. 3094 

3 mother.mp. or Mothers/ 149492 

4 father.mp. or Fathers/ 32166 

5 teacher.mp. 19491 

6 educator.mp. 5600 

7 caregivers.mp. or Caregivers/ 68368 

8 stakeholder.mp. or Stakeholder Participation/ 11239 

9 communication.mp. or Communication/ 358668 

10 non participation.mp. 934 

11 participation.mp. or Stakeholder Participation/ 184403 

12 enrol.mp. 944 

13 involvement.mp. 452222 

14 engagement.mp. 65512 

15 study.mp. 9126781 

16 study setting.mp. 3859 

17 research.mp. or Research/ 10396629 

18 research setting.mp. 1867 

19 home.mp. 246344 

20 school.mp. or Schools/ 247266 

21 hospital.mp. or Hospitals/ 1273991 

22 Spina Bifida.mp. 8781 

23 myelomeningocele.mp. or Meningomyelocele/ 5617 

24 children.mp. or Child/ 2070108 

25 Brain/ or development.mp. 3141345 

26 Child Development/ or neurodevelopment.mp. 54808 

27 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 444278 

28 9 or 10 or 11 or 12 or 13 or 14 1011871 

29 15 or 16 or 17 or 18 or 19 or 20 or 21 15945282 

30 22 or 23 or 24 or 25 or 26 4959211 

31 27 and 28 and 29 and 30 22032 

32 limit 31 to (yr="2010 -Current" and "child (6 to 12 years)" and english) 6649 
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Appendix 46: Participant Information Sheet for parents/guardians for group discussion 
with the information on key findings of the study  
 

                                             
 

 
Information Sheet for Group Discussion 

 
Date:    
 
Thank you for your participation in my study investigating developmental outcomes in 

primary school children with Spina Bifida in Northern Ireland. Below, I describe the findings 

of the study. We will discuss these findings at the planned focused group discussion if you 

wish to join us. 

 

At the end of the study findings, I have included a brief questionnaire for you to complete. 

The questionnaire allows you to share your thoughts and reflections about the study. Any 

information you provide is confidential and anonymous.  I kindly ask that you complete the 

questionnaire, which will take no more than 10 minutes.  Your valuable views will help to 

increase knowledge about developmental outcomes of children with Spina Bifida. 

 

Thank you very much.      
 
Yours sincerely,  
 

 
 
Mr. Yogesh Gopal Parajuli 
PhD student 

Ulster University  
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Key findings of the Spina Bifida study 

 

Although the response rate was low, this is the first study in Northern Ireland that assessed 
the thinking and processing skills, behavioural and educational outcomes of children with 
Spina Bifida.  
 
Study participation 

In the figure below, the green sections show the number of people in each group who 
participated in the study, while the red section shows the number of people who were 
invited but did not take part in the study.  
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Information about the participants in this study  
 

In this study, all booklets were completed by mothers. The majority of children with and 
without Spina Bifida were female and were similar in age [mean age 8 years (age range 5-11 
years) for those with Spina Bifida and mean age 8 years (age range 6-11 years) for those 
without Spina Bifida]. Mothers of these children were also similar in age and had similar 
levels of education.  
 

Table 1: Distribution of children by gender 

 

Key Study Findings: 

The results of this study provide insights into the thinking and processing skills, behaviour 
and educational outcomes of children with Spina Bifida compared to children without Spina 
Bifida. While outcomes were similar in children with and without Spina Bifida, the low 
number of participants means that the study does not provide definite answers. We suggest 
that future research could build on these initial findings.  
 

Thinking and processing skills: 

Many aspects of thinking and processing skills were similar among children with and without 
Spina Bifida, including: 
 

o Difficulty controlling emotions or behaviour (Impulse control) 
 
o Monitoring and regulating behaviour (monitoring self-behaviour against a set of 

standards expected for the age of child) 
 

o Planning and organising (prioritising what is important and using mental resources 
needed to complete a task) 

 

Children with Spina Bifida had more challenges with: 

o Short-term memory (where child stores information needed to complete a task) 
which is important for remembering what they have read, working out short-term 
problems; starting tasks and noticing errors in their work.  

 

  

 Proportion of participants with 
Spina Bifida (N=19) 

Proportion of participants without 
Spina Bifida (N=8) 

Female 68% 87.5% 

Male 32% 12.5% 
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Behaviour 

The behavioural outcomes for children with and without Spina Bifida were similar for:  
conduct (way in which child behaves); attention (ability of child to concentrate); emotion 
(ability of child to appropriately express and manage feelings) and positive social behaviour 
(ability of child to have positive relationships with other children and adults). 
 

Educational achievement 

The majority of children with Spina Bifida attended mainstream school (89.5%), and all had 
classroom assistants for additional support. When compared with the expected average for 
the class, teachers reported that:  
 

o Most of the children with Spina Bifida did as well as children without Spina Bifida in 
the following subjects: Information and Technology, Art and Design, and Design and 
Technology  

 
o Half of the children with Spina Bifida did as well or better than children without 

Spina Bifida in Geography and Science  
 

o Some children with Spina Bifida had difficulties in English, Mathematics and History 
compared to children without Spina Bifida.  

 
Conclusions 

While the results of this study are informative, the low participation rate means that we have to be 
careful in drawing any conclusions, as we do not know if our findings reflect the developmental 
outcomes for all children with Spina Bifida. Further studies, with higher participation, are needed to 
explore the outcomes of children with Spina Bifida. 
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You are being invited to complete this online survey as you participated in the 
study on the developmental outcomes of children of Spina Bifida and have read 
the summary of the results. 

  

The survey will take approximately 10 minutes to complete. 

  

If you experience any difficulties completing the survey or have any further 
questions about our research, please email the researcher Yogesh Parajuli at 
parajuli-y@ulster.ac.uk . 

  

Please complete all questions until the end of survey message appears to make 
sure your answers are recorded. 

 

Q1) What is your relationship to the child with Spina Bifida? 

• Mother 

• Father 

• Guardian/Carer 

• Other 
 

Q2) Did you take part in the study on developmental outcomes in children with 

Spina Bifida? 

• Yes 

• No 

*If ‘No’ is selected above, skip to Q4 and then to Q6. 
Reflections on how the study was conducted 

Q3) Why did you participate in the study? Please select as many answers as 

apply. 

• I want better outcomes for my child 

• I had spare time 

• I felt it was important 

• Other reason (please specify)  
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Q4) How would you rate the documents that went out explaining the study? 
1- Very Poor 

 

2 

 

3 

 

4 

 

5 

 

6 - Excellent 

 
 

Please state why you chose the score above. 

 

Q5) How would you rate the instructions on how to complete the booklet on 

your child? 
1 - Very Poor 

 

2 

 

3 

 

4 

 

5 

 

6 - Excellent 

 
 

Please state why you chose the score above. 
 
 

Reflections on study results 

Q6) Do the results reflect your experiences of your child with Spina Bifida? 
1 - Not at all 

 

2 

 

3 

 

4 

 

5 

 

6 - Yes, 
completely 

 
 

Please state why you chose the score above. 
 
 

Q7) Which results of the study are most similar to your experience of your 
child? 
 
Q8) Which results differ the most from your experience of your child? 
 

Q9) Have the results influenced your view on your child’s development and 

education? 

• Yes 

• No 

 

Q10) Do you think this type of research study is important? 
1 - Not at all 

 

2 

 

3 

 

4 

 

5 

 

6 - Yes, very 

 

 

Please state why you chose the score above. 
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Q11) What would encourage you to participate in a similar study in the future? 
 

If you would like hear more detail on the results of the study and take part in a 
group discussion about the study results and how these could help to improve 
services and interventions for children with Spina Bifida, please give your 
consent below. The group discussion will be held online on 12th October, 2020 
at 7pm and will be audio recorded. 

  

The group discussion will include the following: 

  

1)      Why you participated in the study 

2)      How you feel about the general findings of the study 

3)      How the study influenced your view of your child’s development and 
education 

4)      Your thoughts about how the study findings can improve interventions for 
children with Spina Bifida 

5)      How to improve parents’ participation in future studies on development of 
children with Spina Bifida 

  

A link via Facebook messenger will be sent to you by Marie McGonnell at 
6:50pm (just ten minutes before the scheduled time for group discussion that 
day). You simply have to click on that link which takes you straight to the group 
discussion room. You can choose to join the room with audio only. 

  

It is expected that it will not take more than 45 minutes to complete this group 
discussion. Your participation in this group discussion will be kept confidential. 

 

Q12) Do you consent to take part in a group discussion scheduled for 12th 

October, 2020 at 7pm? 

• Yes 

• No 

 

*If ‘No’ is selected above: 
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Thank you for your feedback. 

End of this survey. :) 

*If ‘Yes’ is selected above: 

Thank you for completing our survey and for agreeing to take part in our group 

discussion. In the interest of maintaining anonymity in this survey, please 

provide your name for further contact here.   

Thank you for agreeing to participate in our group discussion. The group 

discussion will be held online on 12th October, 2020 at 7pm and will be audio 

recorded. We are asking you to provide your name in this separate form to 

ensure your anonymity in the previous survey. 
Participant Name 
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Appendix 47: Ethics cleared from the Ulster University’s Institute of Nursing and Health 
Research (INHR) Governance Filter Committee for survey and group discussion with 
parents/guardians 
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Appendix 48: Part of transcription   
 
Facilitator: what we want to do is just to ask some of your opinions around these questions and I 

suppose the first question that we really wanted to know exposed what researcher has written here 

is why you participated in this study but I suppose it would be more pertinent to ask and if you think 

it's important too, if you think this type of research on these developmental outcomes research is 

important with that be kind of starting broad question to see if that's something you think is of 

value.  

Shine 1: I think it is important for research to be done and a parents need to know what they can do 

to help their child or schools need to know what extra help needs to be brought in to help their 

children so the more researches  take that takes place the more knowledge people should have. 

Mother 1: I would second that, yes that's why I would I would sort of trying to any kind of research 

that again precipitate in, coz that's how people are going to know and I am fine now I find you would 

have allowed to behavioural difficulties but some people arguing that it's not spina bifida or maybe 

he's got autism or maybe he’s got this, but anyway you're going to find out is to see what everybody 

else how many other people in the same way which don't need to research today to get that if that 

makes sense. 

Facilitator:  that makes perfect sense the kind of you know that yeah it's difficult to disentangle what 

might be causing certain behaviours for example but that you only we know that is this actually have 

bigger data to be able to see that yeah I understand that completely  
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Appendix 49: List of categories and themes 
Theme 

(N. Refs) 
Categories  

(N. Refs) 
Subcategories  

(N. Refs) 
Illustrative quotes 

Knowledge matters 
(31) 

Disseminate 
knowledge (16): any 
comment suggesting 
knowledge about SB 
should be shared 
with other people.  

Educating 
parents (4)  

Shine 1: “An important thing for 
parents to hear so any research that 
you can give them they are hungry 
for that and it's you know throughout 
the early years is a lot of learning and 
the more tools you have to give them 
the better then if that makes sense.” 

 
Educating 
parents (4) 

Mother 1: “coz that's how people are 
going to know” 

 
Understanding 
complexity of 
Spina Bifida 
(6) 

Shine 1: “I think it is important for 
research to be done and (…) schools 
need to know what extra help needs 
to be brought in to help their 
children.” 

 
Educating 
parents (4) 

Shine 1: “For me it helps when 
particularly if I'm visiting parents 
who have just had a diagnosis of 
spina bifida, it's important to have 
research to be able to put across to 
them,” 

Expand knowledge 
(15): any comment 
suggesting that the 
knowledge about SB 
should be expanded. 

Understanding 
complexity of 
Spina Bifida 
(6); 
Educating 
practitioners 
(5); 
Educating 
parents (4) 
 

Shine 1: “Maybe just as they get that 
wee bit older the condition becomes 
less appropriate to be in mainstream 
school and they have moved to 
special schools I'm not sure.” 
 

Methodological 
improvements (33) 

Advertising and 
recruitment 
strategies (7): Any 
comment suggesting 
that the study 
advertising materials 
should be changed, 
or participants could 
be recruited 
differently.  

Reflecting on 
and improving 
research 
processes (2); 
Veracity of 
results (3)  

Shine 1: “looking at down the list 
there to invite people to take part in 
the discussion this evening and to get 
people to look at the you know send 
them the link again for the emails 
and that, a lot of the children 
actually attend special schools, so I 
wasn't aware when it was posted out 
to maybe 70 people at the start you 
know just who went to special 
schools and who didn't but now 
there's a lot of those children all 
attend special schools. So, I don't 
know if that is maybe why parents 
didn't want to take part in the study 
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or maybe just as they get that wee 
bit older the condition becomes less 
appropriate to be in mainstream 
school and they have moved to 
special schools I'm not sure.” 

 
Reflecting on 
and improving 
research 
processes (2) 

Shine 1: “A lot of people don't have 
Facebook they're not on Facebook 
um so but the majority of them do 
have email addresses so it's just 
more time consuming going through 
and then finding out it's wrong” 

Recruitment 
strategies (4): Any 
comment describing 
how the recruitment 
of participants 
should happen 
differently, ether 
collectively or face-
to-face. 

Veracity of 
results (3)  

Shine 2: “Definitely, it happened 
online. It was quite labour intensive 
to ring everybody but I think we did 
get the results from that so that was 
great. I haven't really participated.” 

Priorities for 
future 
research (1)  

Shine 2: “We did conference kind of 
thing and it was maybe something 
like out there sometimes a lot of 
people work and believe it all form.” 

Longitudinal data 
aims (11): Any 
comment suggesting 
that data should be 
collected for longer 
periods of time, such 
as by increasing the 
age span of  
children diagnosed 
with SB, or observing 
the developmental 
trajectory of children 
diagnosed with SB. 

Educating 
parents (4); 
Priorities for 
future 
research (1); 
Understanding 
complexity of 
SB (6)  

Mother 1: “But where there's 
children who are very obviously got 
spina bifida got a disability it's such a 
big variety of different of the needs 
of them. It is very hard to pinpoint 
like especially you are saying about 
whenever children are born there 
trying to find out what an annoying 
self in a variety of ways but you like 
what is going to be like when he's 
older and very hard to say are very 
hard to do you know what they are 
going to be like cause they can go 
from one extreme to the other.” 
 
 



                                                      
 
  

 

496 
 
 
 

Tap into symptoms, 
vs. hard to define 
diseases (11): Any 
comment suggesting 
that, given the 
variety of symptoms 
associated with SB, it 
would be more 
adequate to 
investigate 
symptoms instead. 

Educating 
practitioners 
(5); 
Understanding 
complexity of 
Spina Bifida 
(6) 

Mother 1: “but where there's 
children who are very obviously got 
spina bifida got a disability it's such a 
big variety of different of the needs 
of them. It is very hard to pinpoint 
like especially you are saying about 
whenever children are born there 
trying to find out what an annoying 
self in a variety of ways, but you like 
what is going to be like when he's 
older and very hard to say are very 
hard to do you know what they are 
going to be like because they can go 
from one extreme to the other. ” 
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Appendix 50: Survey questions 
Item number Question Report designation 

1 Q2. What is your relationship to the child with 
Spina Bifida? 

Kin relationship 

2 Q5. Why did you participate in the study? 
Please select as many answers as apply. - 
Selected Choice 

Q5. Participation motives 

3 Q6. How would you rate the documents that 
went out explaining the study? 

Q6. Study explanation 

4 Q7. Please state why you chose the score 
above. 

Q7. Reasons for Q6 

5 Q8. How would you rate the instructions on 
how to complete the booklet on your child? 

Q8. Booklet instructions 

6 Q9. Please state why you chose the score 
above. 

Q9. Reasons for Q8 

7 Q11. Do the results reflect your experiences of 
your child with Spina Bifida? 

Q11. Personal experience of 
findings 

8 Q12. Please state why you chose the score 
above. 

Q12. Reasons for Q11 

9 Q13. Which results of the study are most 
similar to your experience of your child? 

Q13. Most accurate results 

10 Q14. Which results differ the most from your 
experience of your child? 

Q.14 Least accurate results 

11 Q15. Have the results influenced your view on 
your child’s development and education? 

Q15. View modification 

12 Q16. Please state why you chose the score 
above. 

Q16. Reasons for Q15 

13 Q17. Do you think this type of research study 
is important? 

Q17. Study importance 

14 Q18. Please state why you chose the score 
above. 

Q18. Reasons for Q17 

15 Q19. What would encourage you to participate 
in a similar study in the future? 

Q19. Participation triggers 

16 Q21. Do you consent to take part in a group 
discussion scheduled for 12th October 2020 at 
7pm?" 

Q21. Meeting consent 
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