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RESUM 

 

La paràlisi cerebral és un trastorn que afecta el moviment i la postura, i és la principal 

causa de discapacitat física en infants, amb una prevalença global d’1,6 per cada 

1000 nascuts vius. A banda dels problemes motors, les persones amb paràlisi 

cerebral poden presentar dèficits cognitius que afecten diverses àrees de la vida 

diària, com és la qualitat de vida. En conseqüència, la comunitat científica té 

l’objectiu d’explorar com millorar les funcions cognitives en persones amb paràlisi 

cerebral i mantenir els efectes de la intervenció a llarg termini. A més a més per 

obtenir majors beneficies en les funcions cognitives, és important avaluar tant els 

efectes sobre les funcions abordades per la intervenció (coneguts com a near 

transfer) com en les funcions no tractades directament (far transfer).  

  

Per tant, l'objectiu principal d'aquesta tesi va ser optimitzar els efectes de les 

intervencions cognitives en infants amb paràlisi cerebral. En tres estudis originals, 

amb tres dissenys diferents cadascun, vam abordar aquest objectiu: una revisió 

sistemàtica (Estudi 1), un estudi transversal (Estudi 2) i un assaig clínic aleatoritzat 

(Estudi 3). En l'Estudi 1 es van revisar els estudis publicats fins al moment centrats 

en estudiar l'impacte de les intervencions en les funcions cognitives de les persones 

amb paràlisi cerebral, per tal d’identificar les intervencions més efectives i qualsevol 

possible mancança actualment en aquest sentit. En l'Estudi 2 es va investigar la 

relació entre les funcions cognitives i la qualitat de vida en infants amb paràlisi 

cerebral mitjançant un enfocament biopsicosocial. L'objectiu de l’estudi va ser 

identificar quina intervenció cognitiva específicament tenia un major impacte en la 

qualitat de vida. Finalment, en l'Estudi 3 es va provar l'eficàcia d'una intervenció 

optimitzada de les funcions executives a domicili examinant els far effects en altres 

funcions cognitives (habilitats visuoperceptives i memòria) i la vida diària (qualitat de 

vida i participació). 

 

Els principals resultats dels tres estudis van ser els següents: (1) La millor evidència 

científica disponible va mostrar que les intervencions físiques són el principal tipus 

d’intervenció centrada en investigar millores en les funcions cognitives en la població 

amb paràlisi cerebral, amb millores en el funcionament cognitiu general i en el 
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control inhibitori de les funcions executives. Les intervencions multimodals també 

millores altres funcions cognitives com les habilitats visoperceptives; (2) En 

l’actualitat hi ha pocs estudis que investiguin l’impacte de les intervencions en les 

funcions cognitives, especialment en el camp de les intervencions cognitives. No 

obstant això, les intervencions centrades en les funcions executives obtenen near 

effect en les pròpies funcions executives; (3) Una intervenció a domicili de les 

funcions executives d’una durada de tres mesos, amb una dosi total de 30 hores, és 

eficaç per obtenir far effects no nomès en les habilitats visoperceptives, sinó també 

en la memoria; (4) Les funcions executives juguen un paper important en la qualitat 

de vida dels infants amb paràlisi cerebral, juntament amb la funció motriu gruixuda, 

les habilitats visuoperceptives, els trets del trastorn de l'espectre autista i l'estrès 

parental; (5) Les intervencions centrades en les funcions executives no han 

aconseguit far transfer effects en la qualitat de vida i la participació dels nens amb 

paràlisi cerebral; (6) Mitjançant una intervenció en funcions executives tampoc 

s’obtenen far transfer effects a llarg termini en les funcions cognitives, així com en la 

qualitat de vida i participació.  
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ABSTRACT 

Cerebral palsy is a chronic condition that affects movement and posture and is the 

leading cause of physical disability in children, with an overall prevalence of 1.6 per 

1000 live births. In addition to motor impairments, people with cerebral palsy may 

also experience cognitive difficulties which impact on several areas of daily life, such 

as the quality of life. Consequently, researchers investigate ways to improve cognitive 

functions in individuals with cerebral palsy and its maintenance over time. Moreover, 

to obtain benefits in multiple cognitive functions, studies have focused on evaluating 

the effects on abilities addressed by the intervention (near transfer effects) and 

changes in non-target functions (far transfer effects).  

The overall aim of this thesis was to optimise the effects of cognitive interventions in 

children with cerebral palsy. In three original studies, we focused on addressing this 

general objective by employing three approaches: a systematic review (Study 1), a 

cross-sectional study (Study 2), and a randomized controlled trial (Study 3). Study 1 

reviewed the impact of interventions on cognitive functions in individuals with CP, 

with the objective of identifying the most effective interventions and gaps in the 

current interventions. Study 2 investigated the relationship between cognitive 

functions and quality of life in children with cerebral palsy using a biopsychosocial 

approach. This study aimed to identify the specific cognitive intervention that could 

have the most significant impact on enhancing their quality of life. Finally, Study 3 

tested the efficacy of an optimised home-based executive function intervention by 

examining its potential for far transfer effects on other cognitive functions (visual 

perception and memory) and daily life (quality of life and participation).  

The main findings of the three studies were as follows: (1) The best evidence available 

showed that physical intervention is the main type of intervention focused on 

investigating cognitive function improvements in the cerebral palsy population, with 

improvements in general intellectual functioning and inhibitory control domain of 

executive functions. Multi-modal interventions also improve other cognitive 

functions such as visual perception; (2) Few studies have investigated the impact of 

interventions on cognition in cerebral palsy, and this scarcity is even more evident in 

the field of cognitive interventions; however, interventions targeting executive 
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functions obtain near transfer effects on a major number of core executive functions; 

(3) Home-based computerized executive function intervention for three months and 

a total dose of 30 hours is effective in obtaining far transfer effects not only in visual 

perception but also in memory in children with CP; (4) Executive functions play an 

important role in the quality of life of children with cerebral palsy, along with gross 

motor functioning, visual perception, autism spectrum disorder traits, and parental 

stress; (5) Interventions targeting executive functions have failed to improve the 

quality of life and participation in children with CP; (6) Long-term far transfer effects 

on cognitive functions as well as quality of life and participation were not obtained 

by a home-based computerized executive function intervention.  
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INTRODUCTION 
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GENERAL ASPECTS OF CEREBRAL PALSY 

 

1. Definition of cerebral palsy 

An overview of the historical evolution of the definition of cerebral palsy (CP) 

provides compelling evidence for the intricate and multifaceted nature of this 

neurological disorder, which has been present throughout human history. The first 

recorded cases of CP date back to ancient times. In fact, the Greek physician 

Hippocrates (460 – 370 BC), considered the father of medicine, was the first known 

to discuss the association between prematurity, congenital infection, and prenatal 

stress in relation to brain damage, referring to what would be known in relation to 

CP centuries later. Despite this early interest, the scientific understanding of CP has 

remained limited for many centuries (Panteliadis et al., 2013).  

 

The first formal description of CP as a disease occurred several centuries later and 

was attributed to the orthopaedic surgeon William John Little (1810 – 1894). Little 

published Deformities of the Human Frame in the Lancet between 1843 and 1844, 

describing the presence of motor symptomatology in children. Later, Little published 

the monograph On the Nature and Treatment of the Deformities of the Human 
Frame. This publication was the first book dedicated entirely to children’s deformities 

(Little, 1843). In this monograph, a description of 24 patients with generalised 

spasticity was presented, and these cases were related to difficulties in delivery, 

several neonatal asphyxia with convulsions, and prematurity. Given the importance 

of the description and examples provided by William John Little, CP was known as 

“Little’s disease” (Panteliadis et al., 2013; Raju, 2006).   

 

Over the course of the following decades, multiple professionals documented 

instances of CP in children (Schifrin & Longo, 2000), but it was not until the end of 

the nineteenth century that William Osler introduced the term “Cerebral Palsy” 

William Osler (1849 – 1929) used this term in his work The Cerebral Palsies of 
Children. In these lectures, Osler also included 151 cases, classifying them by the 

distribution and location of motor disturbances and attempted to correlate them 

with neuropathological findings (Osler, 1889b, 1889a; Shevell, 2019).  
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A third personality that contributed significantly to the field of CP in the nineteenth 

century was the neurologist Sigmund Freud (1856 – 1939). Between 1891 and 1897, 

Freud published several volumes entitled Cerebral Palsy Freud described the 

relationship between the location of cerebral injury and the degree of contracture 

(Freud, 1968). He also classified CP based on the following causal factors: (1) 

congenital (antepartum); (2) acquired during birth (intrapartum); and (3) acquired 

postnatally (postpartum). The classification system proposed by Freud continues to 

be used today (Panteliadis et al., 2013; Raju, 2006).  

 

The most notable contributions of personalities such as Little, Osler, and Freud 

exemplify the scientific community’s considerable interest in studying CP during the 

nineteenth century. However, the lack of consensus in the description has resulted 

in a decrease in the study of this disease during the first middle of the twentieth 

century (Shevell, 2019). In the second half of the twentieth century, this interest 

recovered owing to the adoption of different techniques and methods to treat CP. 

The orthopaedic surgeon Winthrop Phelps (1894 – 1971) published The 
Management of Cerebral Palsy, which describes and divides CP into five major 

categories: spasticity, athetosis, rigidity, tremor, and incoordination (or ataxia). 

Winthrop Phelps, the founder and first president of the American Academy for 

Cerebral Palsy, was one of the first celebrities to be interested in the rehabilitation 

and treatment of CP (Panteliadis et al., 2013; Phelps, 1941). 

 

New definitions of CP were developed to clarify its characteristics. One of the most 

notable definitions was proposed by paediatrician Martin Bax in 1964, after an 

international working group. Bax defined CP as “a disorder of movement and posture 
due to a defect or lesion of the immature brain” (Bax, 1964). Later, Mutch et al. (1992) 

suggested that CP is “an umbrella term that covers a group of non-progressive but 
often changing motor impairment syndromes secondary to brain lesions or 
anomalies arising in the early stages of development”. This definition highlights the 

heterogeneity of CP, which can vary depending on the location and severity of the 

brain lesions. 

 

In 2004, an International Workshop on Definition and Classification of Cerebral Palsy, 

led by Peter Rosenbaum, was held in the USA. Experts who attended this workshop 

agreed that people with CP, in addition to motor impairments, might experience 
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other symptoms associated with performance and behaviour (Rosenbaum et al., 

2007). From this international workshop, the Definition and Classification of CP 

document was published with a description of CP that included an explanation of 

each term used. The current definition of CP is as follows (Rosenbaum et al., 2007): 

 

 

 

The current definition of CP, which is widely accepted by health experts worldwide 

(Bialik & Givon, 2009), reflects the complexity of this disorder and its associated 

symptoms. Reaching an agreement on this definition has markedly increased the 

interest in CP within the scientific community. According to Klawonn et al. (2020), 

the number of publications related to CP raised from approximately 2000, between 

1990 and 1995, to over 7000 between 2015 and 2020. Specifically, the number of 

publications focusing on rehabilitation increased from 377 to 2740. In addition, 

Klawonn et al. (2020) highlighted the growing interest in Quality of Life (QoL) in 

patients with CP. Based on a neuropsychological approach, this thesis explores the 

rehabilitation of individuals with CP, focusing on their quality of life, which is of 

growing interest in the field of CP research. 

 

2. Classification 

The classification of CP is complex because of the heterogeneous nature of the 

disorder, which can present with varying clinical forms and severity (Sadowska et al., 

2020). Although numerous classification proposals have been suggested (Balf & 

Ingram, 1955; Rosenbaum et al., 2007), the most widely used classification system 

for CP is that adopted by the Surveillance of Cerebral Palsy in Europe (SCPE). This 

classification system is primarily based on clinical findings and depends on the 

predominant type of tone or movement abnormalities. The three main types of CP 

are spastic, dyskinetic, and ataxic (Cans, 2000; Cans et al., 2007). 

 

Spastic CP is defined by increased muscle tone and pathological reflexes such as 

increased reflexes (e.g., hyper-reflexia) or pyramidal signs (e.g., Bakinski response). 

“Cerebral palsy is a group of permanent disorders of the development of 
movement and posture, causing activity limitation, that are attributed to 
non-progressive disturbances that occurred in the developing foetal or 
infant brain. Motor disorders of cerebral palsy are often accompanied by 
disturbances of sensation, perception, cognition, communication, and 
behaviour, by epilepsy, and by secondary musculoskeletal problems.” 
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This type of CP can be classified as unilateral (hemiplegia) or bilateral (diplegia or 

tetraplegia). In hemiplegia spastic CP, the limbs on one side of the body are involved, 

whereas spastic diplegia or tetraplegia CP is diagnosed when both sides are involved.  

 

Dyskinetic CP presents with abnormal patterns of posture and/or movement, 

characterized by involuntary, uncontrolled, repetitive, and sometimes stereotypical 

movements, along with fluctuating muscle tone. Depending on the type of 

movement, dyskinetic CP can be dystonic or chore-athetotic. Dystonic CP is marked 

by hypokinesia (reduced activity) and hypertonia, which causes involuntary 

movements, distorted voluntary movements, and abnormal postures due to 

sustained muscle contractions. Choreo-athetotic CP is characterized by hyperkinesia 

(increased activity) and hypotonia.  

 

Ataxic CP is defined as the loss of orderly muscular coordination, and movements 

are performed with an abnormal force, rhythm, and accuracy. In cases where there 

is a mixed form of CP with a clinical combination of motor/movement abnormalities, 

the SCPE considers that it should be classified according to the predominant 

movement disorder. Non-classified CP should be exclusively reserved for cases in 

which it is not possible to diagnose any other type of CP.  

 

The SCPE considers a group of key elements to determine the functioning of 

individuals with CP (Cans et al., 2007). Among these, the SCPE recommends the use 

of scales to determine the level of motor functioning. To assess functioning, the Gross 

Motor Function Classification System (GMFCS) (Palisano et al., 2008) is used to 

determine functional mobility or activity limitation. On the other hand, the Manual 

Ability Classification System (MACS) (Eliasson et al., 2006) and/or Bimanual Fine 

Motor Function (BFMF) (Elvrum et al., 2016) are used to assess the functional grading 

of the upper limbs.  

 

3. Epidemiology  

Cerebral palsy is considered the leading cause of childhood physical disability, with 

a worldwide prevalence of 2.11 per 1000 live births (Oskoui et al., 2013). However, 

the global prevalence is difficult to determine because of several factors, such as 

differences in resources between regions and the lack of registers in many countries, 
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particularly those with low- and middle-income levels. Consequently, global 

estimates of CP prevalence mainly reflect data collected from high-income countries 

(Jahan et al., 2021).  

 

Specifically, within these high-income countries, the prevalence of CP is 1.6 per 1000 

live births (McIntyre et al., 2022). Collaboration between the SCPE and Australian 

Cerebral Palsy Register networks has facilitated comparative studies in high-income 

countries (Sellier et al., 2020). Several works have exclusively focused on the 

prevalence of CP in these regions (Sellier et al., 2016; Smithers‐Sheedy et al., 2016), 

with a significant decrease of approximately 25% over the last decade (Paneth & 

Yeargin‐Allsopp, 2022). This decline in CP cases could be attributed to advancements 

in peri and neonatal care, improvements in diagnostic tests to detect motor 

abnormalities in children, and a clearer identification of specific genetic or metabolic 

conditions that can be treated (Larsen et al., 2022; Paneth & Yeargin‐Allsopp, 2022).  

 

Unfortunately, this decrease has not been observed in low- and middle-income 

countries. Some studies have reported an increasing trend (Jahan et al., 2021). The 

overall estimated prevalence of CP in low- and middle-income countries is 3.1 per 

1000 live births (McIntyre et al., 2022), which is almost double that in high-income 

countries. Studies in specific regions, such as Uganda and Bangladesh, have 

estimated a similar prevalence (Kakooza-Mwesige et al., 2017; Khandaker et al., 

2019). The difficulties in collecting epidemiological data from these countries have 

led to the creation of the Global Low- and Middle-Income Country CP Register (GLM-

CPR) to provide information on the prevalence in these countries and develop a 

common platform to monitor advances in the diagnosis and evaluation of CP (Jahan 

et al., 2021; McIntyre et al., 2022). The creation of new international registers and the 

unification of existing methods and resources will enable us to gain a more accurate 

understanding of disease prevalence worldwide and in specific areas in the coming 

years. This, in turn, will help to identify factors that can reduce the prevalence of CP 

and provide a better understanding of health politics and treatments for newborns.  

 

If we focus on the different types of CP, spastic CP is considered the most 

predominant type, comprising more than 85% of the cases. Unilateral spasticity 

accounts for 40% of patients in the spastic group, whereas bilateral spasticity 

accounts for the remaining 60%. Dyskinetic CP is the second most common type, 
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accounting for 6 to 13% of cases, and ataxic CP is the least common type, accounting 

for 3 and 5% of cases (Jonsson et al., 2019; Smithers‐Sheedy et al., 2016).  

 

4. Aetiology  

The development of CP involves multiple factors, making its aetiology complex and 

heterogeneous (Himmelmann et al., 2011). The identification of specific risk factors 

and causal mechanisms in most cases remains elusive; however, many risk factors 

have been identified during the preconception, prenatal, perinatal, and postnatal 

periods (Korzeniewski et al., 2018). Understanding the complex aetiology of CP is 

crucial for the development of effective prevention and treatment strategies.  

 

Preconception risk factors such as maternal age, maternal diagnoses (thyroid 

disease, seizures, Intellectual Disability (ID), substance abuse, or maternal 

undernutrition), low socioeconomic status, and the use of assisted reproductive 

technology have been identified as potential factors for CP (Goldsmith et al., 2023; 

McIntyre et al., 2013; Paul et al., 2022; Schneider et al., 2018). Additionally, various 

studies have shown that genes p, including family incidence and genetic mutation 

polymorphisms, play a role in CP (Fahey et al., 2017; Korzeniewski et al., 2018; 

MacLennan et al., 2015; Michael-Asalu et al., 2019). Sex differences in the presence 

of CP are also possible indicators of the role of genes. The incidence of CP in males 

is higher than in females at all levels of gross and manual ability, with an overall 

male/female ratio of 1.4:1 (Himmelmann & Uvebrant, 2014; Romeo et al., 2023).  

 

Prenatal risk factors are estimated to be the main cause of CP development, with a 

prevalence of approximately 70 – 80% (Jacobsson & Hagberg, 2004; Sadowska et al., 

2020). During the prenatal period, maternal infections, such as TORCH 

(toxoplasmosis, rubella, cytomegalovirus, and herpes simplex virus) and 

chorioamnionitis, have been implicated in the development of CP (Jacobsson & 

Hagberg, 2004; Paul et al., 2022). Cerebral malformations, such as microcephaly, have 

also been linked to CP (Garne et al., 2008; Goldsmith et al., 2019). Multiple births also 

increase the risk of CP, with a four-fold higher prevalence in twins than in singletons 

(Korzeniewski et al., 2018).  
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Perinatal risk factors account for approximately 20 – 30% of CP cases and include 

the type of delivery, preterm delivery, low birth weight, neonatal infections, 

kernicterus, and birth asphyxia (Goldsmith et al., 2023; Jacobsson & Hagberg, 2004; 

Paul et al., 2022). Among the perinatal factors mentioned above, it is necessary to 

make a special mention the role of asphyxia in the aetiology of CP. Research in this 

field is controversial, because some reports have shown that only a few cases of CP 

are associated with asphyxia, whereas others have suggested that almost half of 

these cases are caused by this risk factor (MacLennan et al., 2015; Odding et al., 2006). 

During the 1980s and the 1990s, birth asphyxia was considered the main cause of 

CP. However, nowadays, it has been suggested that birth asphyxia plays a relatively 

minor role, accounting for less than 10% of cases (Jacobsson & Hagberg, 2004; 

MacLennan et al., 2015). Certainly, the behaviour of new-borns is similar regardless 

of whether they experience asphyxia or other complications, such as infection, 

placental and umbilical vessel thrombosis. The differences between past and current 

findings could be due to advances in research to identify the specific aetiology for 

each case. (Ellenberg & Nelson, 2013; MacLennan et al., 2015). 

 

Recent studies exclusively focusing on postnatal risk factors have revealed their 

reduced prevalence, with a prevalence of less than 10 – 18% (Abd Elmagid & Magdy, 

2021; Paul et al., 2022). Postnatal factors that occur between 28 days and two years 

of age include viral and bacterial infections (e.g., meningitis and/or encephalitis), 

vascular episodes, traumatic brain injury, and seizures (Goldsmith et al., 2023). 

 

5. Neuroimage findings 

The diagnosis of CP requires a multidisciplinary approach, which includes clinical 

observations and neuroimaging techniques. The use of techniques such as magnetic 

resonance imaging (MRI) helps to reveal the underlying aetiology of CP and 

understand the relationship between brain injury and clinical manifestations (Jacobs 

et al., 2023). Among the available neuroimaging techniques, structural magnetic 

resonance imaging (sMRI) has primarily been used for clinical purposes. Indeed, the 

SCPE has developed an MRI Classification System (MRICS) to evaluate and 

harmonize neuroimaging findings in CP (Himmelmann et al., 2017).  
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MRICS comprises five categories of pathogenic patterns, as described in Table 1. 

Studies using MRICS have demonstrated that more than 80% of individuals with CP 

exhibit abnormal brain imaging (Himmelmann et al., 2021). A recent study (Horber 

et al., 2020) using a European CP database of 3818 individuals with CP showed that 

white matter injury was the most common finding (49%), followed by grey matter 

injury (21%) and maldevelopments (11%). The distribution of the MRI patterns 

differed depending on the type of CP, as shown in Figure 1. MRI patterns of children 

with spastic and dyskinetic CP are mainly lesional (white and grey matter injury), 

whereas ataxic CP is characterized by maldevelopments, miscellaneous, and normal 

findings. Specifically, white matter injury was most common in spastic CP, prevalent 

in 47% and 58% of unilateral and bilateral spastic CP cases, respectively. In contrast, 

grey matter injury was the most common cause of dyskinetic CP (38%). Finally, 

normal findings were the most frequent in ataxic CP (32.5%), followed by 

maldevelopments (25.3%).  

 

 
Table 1. The MRI classification system, adapted from Himmelmann et al. (2017). 

A. Maldevelopments  
A.1. Disorders of cortical formation (proliferation and/or migration and/or 
organization) 
A.2. Other maldevelopments  
(e.g., holoprosencephaly, Dandy-Walker malformation, corpus callosum agenesis, 
cerebellar hypoplasia) 

B. Predominant white matter injury  
B.1. PVL (mild/severe) 
B.2. SequeIae of IVH or PVHI 
B.3. Combination of PVL and IVH sequelae 
 

C. Predominant grey matter injury  
C.1. Basal ganglia/thalamus lesions (mild/moderate/severe) 
C.2. Cortico-subcortical lesions only (watershed lesions in parasagittal 
distribution/multicystic encephalomalacia) not covered under C3 
C.3. Arterial infarctions (middle cerebral artery/other) 

D. Miscellaneous (e.g., middle cerebellar atrophy, cerebral atrophy, delayed 
myelination, ventriculomegaly not covered under B, haemorrhage not covered 
under B, brainstem lesions, calcifications) 
 

E. Normal 
Abbreviations. IVH, Intraventricular Hemorrhage; PVHI, Periventricular Hemorrhagic Infarction; PVL, 
Periventricular Leukomalacia.  
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Around 20% of neuroimaging cases are classified as having normal patterns 

(Himmelmann et al., 2021). Although MRICS studies have primarily focused on sMRI, 

this technique has limitations for detecting microstructural abnormalities. 

Consequently, the emergence of techniques such as diffusion MRI (dMRI) and 

functional MRI (fMRI) has facilitated the clinical study of such cases, while also 

advancing research on brain connectivity and network organization in CP (Jacobs et 

al., 2023; Scheck et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Distribution of MRI patterns in cerebral palsy types, adapted from Horber et al. 
(2020). 
Abbreviations. CP, Cerebral palsy; MRI, Magnetic Resonance Imaging.  
 

A systematic review about dMRI (Scheck et al., 2012) found that the corticospinal 

tracts, corticobulbar tract, and body of the corpus callosum were reduced in CP. 

Spastic CP is characterized by reduced connectivity in motor, sensorimotor, and 

premotor related areas as well as in calcarine areas. Additionally, increased 

connectivity has been observed in the default mode network in this type of CP 

(Jacobs et al., 2023). Dyskinetic CP has been associated with reduced 

interhemispheric connectivity, primarily in motor and premotor-related areas, along 

with the cerebellum, precentral supplementary motor area, anterior cingulate, and 
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middle cingulate (Qin et al., 2019). To date, no dMRI and fMRI studies have 

specifically focused on ataxic CP, probably due to its low prevalence.  

 

6. Non-neuropsychological associated impairments 

Motor disturbances in CP, as indicated in the definition itself, are accompanied by 

sensation, communication, epilepsy, and musculoskeletal impairments, as well as a 

range of neuropsychological symptoms encompassing cognition, perception, and 

behavioural difficulties (Rosenbaum et al., 2007). It is important to note that the 

prevalence of associated comorbidities varies widely depending on the aetiology, 

and type of CP (Jonsson et al., 2019). 

 

Communication and sensation disorders are the prevailing when considering non-

neuropsychological symptoms (Figure 2). Communication symptoms vary; however, 

speech difficulties are the most prevalent, ranging from 61% – 82% (Mei et al., 2020; 

Virella et al., 2016). Speech disorders encompass a range of distinct impairments, 

including articulation and phonological disorders, dysarthria, and childhood apraxia 

of speech. Moreover, around 35 and 49% of CP cases present with unclear and non-

understandable speech, respectively (Mei et al., 2016; Virella et al., 2016). Sensation 

disorders are frequently observed in individuals with CP, with visual difficulties being 

the most common. Visual disorders affect over half of individuals with CP, with 

refractive errors (52%), strabismus (48%), and nystagmus (11%) being the most 

commonly observed (Dufresne et al., 2014; Heydarian et al., 2022). Furthermore, a 

considerable 10% of individuals experience blindness (Novak et al., 2012). Hearing 

loss is another notable issue, with percentages ranging from 13 to 39%, and 

approximately 4% of people with CP are deaf (Delacy et al., 2016; Novak et al., 2012; 

Weir et al., 2018). Epilepsy is prevalent in 34 – 43% of people with CP (Pavone et al., 

2020; Szpindel et al., 2022). Individuals with CP may present with various 

musculoskeletal problems, such as muscle or tendon contractures, bony torsion, 

osteoporosis, hip displacement, or spinal deformity (Colver et al., 2014; O’Connell et 

al., 2019; Rosenbaum et al., 2007).  

 

In addition to the symptoms specified in the definition of CP, other associated 

symptoms, such as pain, are more prevalent. Approximately 30 – 70% of CP cases 

present with pain, and its frequency and intensity often increase with motor severity 
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(Alriksson-Schmidt & Hägglund, 2016; Van Der Slot et al., 2012). Among children who 

manifest pain, approximately 60% report that it disturbs daily activities (Eriksson et 

al., 2020). Moreover, gastrointestinal problems (e.g., vomiting, constipation, or bowel 

obstruction), urinary incontinence, pressure ulcers, and sleep disturbances are 

frequently observed as comorbidities (Krigger, 2006; Lélis et al., 2016; Vitrikas et al., 

2020).  
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Figure 2. A summary of general aspects of cerebral palsy, created specifically for this thesis. 
Abbreviations. CP, Cerebral Palsy; dMRI, Diffusion Magnetic Resonance Imaging; LB, Live Births; sMRI, 
Structural Magnetic Resonance Imaging. 
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NEUROPSYCHOLOGY OF CEREBRAL PALSY 

 

1. Neuropsychological functioning and cerebral palsy 

In addition to the abovementioned associated symptoms, the CP population also 

experiences neuropsychological impairments. Research has traditionally focused on 

motor symptoms, but there has been growing interest in understanding these 

neuropsychological symptoms to capture a wide range of cognitive profiles (Fluss & 

Lidzba, 2020; Straub & Obrzut, 2009). Therefore, a comprehensive 

neuropsychological assessment of individuals with CP helps determine general 

intellectual functioning and performance in specific cognitive functions, allowing 

interventions to be tailored for each case. In particular, the detection of cognitive 

impairments during childhood is essential for personalized interventions that benefit 

from brain plasticity (Graham et al., 2016; Schaffer & Geva, 2016). A description of 

these impairments and the interventions targeting them is presented in the next 

section (see Figure 3). 

 

1.1. General intellectual functioning 

Given its relevance in several areas of daily life in people with CP, general intellectual 

functioning has been widely investigated. The scientific literature has demonstrated 

its impact on health status (Beckung et al., 2008; Østensjø et al., 2003), social 

functioning, QoL, and participation in people with CP (Bottcher, 2010; Fauconnier et 

al., 2009; Voorman et al., 2010). In addition, general intellectual functioning can 

substantially contribute to the benefits of interventions for CP, such as selective 

dorsal rhizotomy (Kim et al., 2006) and botulinum toxin treatment (Fazzi et al., 2005). 

The International Classification of Functioning, Disability, and Health (ICF) states that 

general intellectual functioning is a core aspect of CP (Schiariti et al., 2015).  

 

However, this assessment is not without difficulties. In some cases, the presence of 

fine motor and communicative impairments in CP makes it difficult to assess general 

intellectual functioning or obtain an intelligence quotient (IQ) through standardized 

neuropsychological assessment (Fluss & Lidzba, 2020). Consequently, general 

intellectual functioning is estimated by clinical judgement, degree of gross motor 

impairment, or interviews with parents in the most severe CP cases (Andersen et al., 

2008; Hutton & Pharoah, 2002; Türkoğlu et al., 2017). Heterogeneity in assessment 



 
 

39 

has shown discrepancies in the prevalence of general intellectual functioning in 

patients with CP (Coceski et al., 2022). Despite these difficulties in assessing IQ, a 

systematic review estimated that approximately 50% of the population with CP had 

an IQ below 70, which is considered an ID. Of the 50% of people with ID in CP, almost 

28% have severe ID (IQ < 50) (Novak et al., 2012). 

 

However, it should be noted that CP is a heterogeneous disorder (Stadskleiv, 2020), 

consequently, there is wide variability in general intellectual functioning, depending 

on the type of CP, motor severity, or other associated symptoms. Studies on spastic 

CP have shown that IQ in unilateral spastic CP is similar to that in the general 

population (Sigurdardottir et al., 2008), with approximately 81 – 89% of cases in this 

group within the normal range of IQ. General intellectual functioning decreases in 

the most severe motor cases of spastic CP, whereas around 30% of people with 

diplegic CP have ID, and the prevalence increases to approximately 80% in 

tetraplegic spastic CP (Stadskleiv, 2020). Few studies have reported general 

intellectual functioning in dyskinetic CP; however, differences in IQ have been 

reported depending on motor severity (Ballester-Plané et al., 2018). Children with 

mild to moderate motor severity (GMFCS I – III) and dyskinetic CP had similar 

performance to that of typically developing children, whereas performance was 

lower in severe cases (GMFCS IV – V).  

 

However, neuroimaging studies investigating the relationship between different 

brain regions and cognition in CP are limited. These studies allow us to determine 

the relationship between brain injury and cognitive performance (Stadskleiv, 2020). 

However, the influence of other associated symptoms on cognitive severity, such as 

epilepsy, gestational age, and motor functioning, should be considered. Brain 

maldevelopment and cortical and subcortical lesions in the global thalamus and 

basal ganglia have been associated with severe ID in spastic CP (Riva et al., 2013; 

Scheck et al., 2012). Apart from studies focused on brain injury, dMRI techniques 

have allowed the identification of neural tracts involved in general intellectual 

functioning in dyskinetic CP, such as parieto-frontal and frontostriatal networks 

(Ballester-Plané et al., 2017). 
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1.1.1. Interventions to improve general intellectual functioning 

Cognitive intervention refers to a treatment that involves repetitively performing 

demanding tasks over a period of time, to enhance cognitive functions (Strobach & 

Huestegge, 2017). To optimise cognitive interventions, improvements in a particular 

task are expected to produce benefits not only in the cognitive abilities directly 

related to the intervention, known as near transfer effects, but also in cognitive 

abilities different from those addressed by the program, as well as in daily life 

functioning, known as far transfer effects (Barnett & Ceci, 2002; Sala et al., 2019; 

Strobach & Huestegge, 2017).  

 

In the case of general intellectual functioning, interventions usually involve the 

training of other cognitive functions, the most common of which are those focused 

on executive functions (Au et al., 2015; Buschkuehl & Jaeggi, 2010). The transfer 

effects of executive function interventions, specifically working memory training 

(domain explained in the next section), have been found on general intellectual 

functioning in typically developing children (Pugin et al., 2014; Studer-Luethi et al., 

2016) and other disorders (Alloway et al., 2013). Pugin et al. (2014) found transfer 

effects on nonverbal intelligence in a group of typically developing children and 

adolescents (n = 55; 10 – 16 years old) after 3 weeks (30 min per day) of a 

computerized working memory intervention. Otherwise, Studer-Luethi et al. (2016) 

found improvements in verbal intelligence in a group of children (n =iii 99; mean age 

= 8.25 years, SD = 0.50) after the same type of intervention. These beneficial effects 

have also been observed in children with learning disabilities (n = 94; mean age = 

11.2), where improvements in both verbal and nonverbal intelligence were observed 

after 8 weeks of intervention (4 times a week) (Alloway et al., 2013).  

 

Studies on interventions to improve general intellectual functioning are scarce. 

However, research has also found that physical interventions, where physical activity 

is the main task, affect general intellectual functioning (Ardoy et al., 2014; 

Tomporowski et al., 2008). A study in adolescents (n = 67) demonstrated that a higher 

intensity of physical activity over 4 months (55 min per day, 4 times a week) improved 

general intellectual functioning (Ardoy et al., 2014).  
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Interventions to improve general intellectual functioning in cerebral palsy 

 

Research on interventions to manage CP has largely focused on addressing motor 

symptoms, leaving limited attention to cognitive impairments (Novak et al., 2013). 

Considering the high prevalence of associated symptoms, including cognitive 

impairments, and the burden of children with CP and their families (Ballantyne et 

al., 2019), it is important to optimise interventions in this population. Therefore, from 

an integrated perspective, it remains uncertain whether cognitive interventions 

targeting executive functions, such as working memory, or physical interventions, 

have the potential to enhance general intellectual functioning in individuals with CP, 

as observed in other populations.  

 

1.2. Specific cognitive functions 

While general intellectual functioning is used as a general measure of cognition, 

specific cognitive functions allow for the identification of strengths and difficulties 

(Påhlman et al., 2019). Moreover, specific cognitive functions seem to make a major 

contribution to daily life and well-being compared to general intellectual 

functioning (Diamond, 2020; Williams et al., 2011). However, in the field of CP, greater 

efforts should be dedicated to understanding the performance of specific cognitive 

functions within the CP population. This understanding is essential for the 

development of interventions to improve these functions.  

 

At the outset of this thesis, there was a lack of systematic reviews on available 

interventions to enhance specific cognitive functions. Nevertheless, it is crucial to 

determine the interventions that can effectively address the diverse and specific 

cognitive impairments observed. Moreover, although this thesis did not cover 

neuroimaging analysis, advances in neuropsychology of CP will enable neuroimaging 

studies related to cognition, and as such, these types of studies have been scarce 

until now (Di Lieto et al., 2017; Weierink et al., 2013). 

 

Beyond expressive language impairments in speech and their impact on 

communication, as mentioned earlier, research has shown impairments in other 

specific cognitive functions. Among these difficulties, executive functions and visual 

perception have received the most attention and extensive studies, whereas studies 
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focusing on memory impairments are scarce. Given the focus of this thesis on 

executive functions, visual perception, and memory skills, the research findings in 

these areas will be presented in detail in the following sections.  

 

1.2.1. Executive functions 

Executive functions are a set of interrelated mental skills that control, organise, and 

direct cognitive activity, emotional response, and behaviour towards achieving a goal 

(Gioia et al., 2001). These functions are crucial in several areas of daily life, including 

cognitive and psychological development, mental and physical health, and 

academic and professional achievement (Diamond, 2013).   

 

Despite the importance of executive functions, this umbrella term has proven 

challenging, and different frameworks have been proposed to describe the executive 

function system and its major domains (Anderson et al., 2010; Diamond, 2013). This 

thesis focuses on Diamond’s model (2013), one of the most used in research and 

clinical settings, which distinguishes between core and higher-order executive 

functions. Three core executive functions are distinguished: inhibitory control, 

working memory, and cognitive flexibility. From these core executive functions, 

higher-order executive functions are built, including planning, problem solving, and 

reasoning. A description of each domain is presented in Table 2. Executive functions 

can be divided into hot and cool types (Diamond, 2020; Zelazo & Carlson, 2012). Hot 

executive functions are related to emotionally charged situations, and cool executive 

functions are related to affectively neutral situations (e.g., academic achievement) 

(Brock et al., 2009; Kim et al., 2013). These findings support a relationship between 

executive functions and social cognition (Li et al., 2014). Impairments in executive 

functions have been associated with social problems (Bottcher, 2010).  

 

Executive functions are the last cognitive functions to fully mature (Powell & Voeller, 

2004), developing gradually from early infancy to adulthood. This could be explained 

by the fact that executive functions depend on brain regions that continue to 

develop during adolescence, such as the prefrontal, anterior cingulate, and parietal 

cortices (Weierink et al., 2013). Each domain has its own developmental period (Fluss 

& Lidzba, 2020; Powell & Voeller, 2004). For instance, working memory shows marked 
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improvements around eleven years of age, whereas planning continues to improve 

throughout adolescence (Diamond, 2020).  

Table 2. Description of executive function domains, adapted from Diamond et al. (2013) 
and Cristofori et al. (2019). 

Core  Inhibitory control Involves being able to control one’s attention, 
behavior, thoughts and/or emotions to override a 
strong internal predisposition or external lure, and 
instead do what you intend to do. 

Working memory Ability to hold information in mind and mentally 
working with it. Depending on the content, we can 
distinguish between verbal and non-verbal working 
memory. 

Cognitive 
flexibility  

Capacity to being flexible enough to adjust to 
environmental changes. Cognitive flexibility is linked 
with inhibitory control and working memory and 
develops later. 

Higher-
order 

Planning  Involves the formulation, evaluation and selection of 
actions required to achieve a goal. 

Problem solving Ability to work through details of a problem to reach a 
solution. 

Reasoning Core ability of generalization and abstraction 
processes that enable concept formation and 
creativity 

 

 

Executive functions in cerebral palsy 

 

Executive function impairments in CP have been observed in both core and higher-

order executive function domains (Fluss & Lidzba, 2020). Research suggests that 

these difficulties appear in early childhood (Freire & Osório, 2020) and persist 

throughout adulthood (Laporta-Hoyos et al., 2019; Pueyo et al., 2009). Nevertheless, 

few studies have investigated all executive functions domains in CP (Bodimeade et 

al., 2013; Di Lieto et al., 2017; Freire & Osório, 2020; Laporta-Hoyos et al., 2019). 

Bodimeade et al. (2013) found impairments in core and higher-order executive 

functions in a group of 46 children with unilateral spastic CP, regardless of the 

laterality of the motor impairment. Di Lieto et al. (2017) reported similar difficulties 

in 19 children with spastic diplegia. Later, Freire and Osorio (2020) investigated core 

executive functions in a mixed group of 14 participants with unilateral and bilateral 

spastic CP. In this study, the authors found worse performance in cognitive flexibility 

and inhibitory control compared with the typically developing group, but there were 
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no differences in the working memory domain. As can be seen, studies have mainly 

focused on spastic CP samples. To compare executive function performance 

between different types of CP, Laporta-Hoyos et al. (2019) compared three groups: 

spastic CP, dyskinetic CP, and typically developed individuals in a total sample of 124 

participants aged 6 to 62 years. The results indicated that both the CP groups (spastic 

and dyskinetic) showed significantly worse performance than the typically 

developed group. Notably, the dyskinetic CP group showed significantly better 

cognitive flexibility scores than the spastic CP group did. In the other domains of 

executive function, the dyskinetic CP group seemed to perform better than the 

spastic CP group, although the difference was not statistically significant.  

 

Impairments in executive functions in populations with CP have been related to 

difficulties in social cognition and emotional regulation (Belmonte-Darraz et al., 

2021; Caillies et al., 2012; Li et al., 2014). In addition, executive functions have been 

related to QoL in adults with dyskinetic CP (Laporta-Hoyos et al., 2017). However, no 

previous studies have explored the role of executive functions in QoL in other types 

of CP or in children with CP.  

 

1.2.1.1. Interventions to improve executive functions 

Among the different types of cognitive interventions, executive function training is 

the most popular in children, because, as seen previously these functions continue 

to develop during this life stage, and the presence of executive dysfunction affects 

daily life during childhood and adolescence (Diamond, 2013). 

 

Executive function interventions have shown promising beneficial effects in other 

paediatric populations, such as in children with Attention Deficit Hyperactivity 

Disorder (ADHD) (Klingberg et al., 2002; Thorell et al., 2009), language disorders 

(Acosta et al., 2019), and extremely low birth weight (Grunewaldt et al., 2013, 2016; 

Løhaugen et al., 2011). In the ADHD population, a study with children (n = 14; 4 – 5 

years old) in three groups (inhibitory intervention, working memory, and active 

control group) demonstrated that after 5 weeks of computeried intervention (15 

minutes per session, total dose = 6 hours), the working memory group had more 

beneficial effects than the inhibitory intervention and active control groups. Apart 

from improvements in working memory, far transfer effects have also been found in 
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inhibitory control, problem solving, and processing speed (Thorell et al., 2009). 

Furthermore, a study of children and adolescents with ADHD (n = 49; 7 – 15 years 

old) reported improvements in visuospatial working memory and non-trained 

cognitive function, such as reasoning, after 13 hours (25 minutes each day for 30 

sessions) of computerized working memory intervention (Klingberg et al., 2002). 

Research on children with language disorders (n = 32; 5 – 11 years old) found changes 

in working memory (verbal and visual) and far transfer effects on immediate memory 

(both verbal and visual) and processing speed after non-computerized working 

memory training (18h, 72 sessions of 15 min each) (Acosta et al., 2019). Moreover, 

studies have demonstrated that physical activities involving motor skills can 

potentially have executive function benefits, particularly in core executive functions 

(Erickson et al., 2019; Grassmann et al., 2017; Koščak Tivadar, 2017). 

 

In addition to considering far transfer effects, it is crucial to monitor the maintenance 

of both near and far transfer effects over time. This is important for determining the 

effectiveness and optimisation of the interventions. Therefore, assessing of follow-up 

effects is essential for cognitive intervention. These effects have been investigated in 

other populations of children population (Grunewaldt et al., 2013, 2016; Løhaugen 

et al., 2011). Grunewaldt (2013, 2016) reported near transfer effects in working 

memory and far transfer effects on auditory attention and, visual and verbal memory 

after 5 weeks of intervention (30 – 40 minutes per day, 5 days per week) in a sample 

of children (n = 20; 5 – 6 years old), which were maintained for 7 months after the 

completion of the intervention. On the other hand, Løhaugen (2011) showed 

changes in working memory and verbal learning in a group of adolescents after 5 

weeks of intervention (30 – 40 minutes per day, 5 days per week). The beneficial 

effects of this intervention persisted for 6 months after it ended.  

 

In summary, the evidence suggests that executive function interventions can be used 

to improve cognition in children and adolescents. The most notable aspect of this 

intervention is that it improves not only trained cognitive functions but also 

untrained cognitive functions, especially memory skills. Moreover, few studies have 

investigated the follow-up effects, but the results seem to suggest that 

improvements could be maintained for months after the completion of the 

intervention.  
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Interventions to improve executive functions in cerebral palsy 

 

Executive function intervention is of special relevance in the context of CP due to 

the high prevalence of executive function impairments, the impact on other 

cognitive functions and daily life, as well as their demonstrated effectiveness in 

improving near and far transfer effects in other paediatric populations. However, to 

the best of our knowledge, no executive functions interventions have been 

conducted in children with CP to determine near and far transfer effects as well as 

to maintain these improvements over time. The project in which this thesis is the 

first to publish a protocol (García-Galant et al., 2020) aimed at investigating the near 

and far transfer effects of these interventions in the CP population.  

 

1.2.2. Visual perception  

Visual perception is the ability to receive, recognise, interpret, and elaborate on visual 

information (Schneck, 2013). In visual perception, two types of pathways can be 

distinguished, ventral and dorsal. The ventral (occipito-temporal) stream, also known 

as the “what” pathway, is responsible for recognising faces, objects, and shapes using 

pattern, texture, and colour vision. The dorsal stream (occipito-parietal pathway), on 

the other hand, is described as the “where” pathway, which includes visuospatial 

processing, visuomotor coordination, and visual guidance of movement, and is often 

referred to as visuospatial abilities (Cloutman, 2013; Philip & Dutton, 2014). In the 

general population of children, visual perception is essential for everyday activities, 

with an impact on visual-motor integration and academic achievement in school, 

such as reading and mathematics skills (Philip & Dutton, 2014; Williams et al., 2011).  

 

Cerebral Visual Impairment (CVI) is an umbrella term that includes all types of visual 

impairment due to brain damage or dysfunction. CVI is defined as a neurological 

disorder caused by a dysfunction that cannot be attributed to anterior visual 

pathway disorders or any potentially co-occurring ocular impairment (Sakki et al., 

2018). Individuals with CVI can present with a wide range of visual disorders, ranging 

from reduced acuity/visual field and oculomotor incoordination to complex visuo-

cognitive disorders, such as recognizing faces or objects and figure-ground 

perception. The presence of difficulties in this higher-order visual processing may 

result in Visual Perceptual Impairments (VPIs), which can manifest clinically as 
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difficulties in recognising faces or objects, finding a toy in a cluttered toy box, or 

getting lost in known locations (Dutton, 2013; Fazzi et al., 2004, 2007; Philip & Dutton, 

2014). 

 

Visual perception in cerebral palsy 

 

VPIs are one of the most common cognitive impairments observed in individuals 

with CP. Ego et al. (2015) conducted a systematic review to determine the 

prevalence of VPI in the CP population and possible patient characteristics. The 

authors found that the prevalence of VPI in CP was approximately 40 – 50% and that 

the subtype of CP, side of motor impairment, or presence of epilepsy did not 

influence the prevalence of VPIs (Ego et al., 2015). However, other authors have 

reported that differences in the degree of impairment vary depending on CP subtype 

(Philip & Dutton, 2014; Pueyo et al., 2009; Stiers et al., 2002). In a systematic review 

(Philip & Dutton, 2014) a higher prevalence of VPIs was reported in both bilateral and 

unilateral spastic subtypes (Ego et al., 2015; Stiers et al., 2002).  

 

VPI in CP is associated with difficulties in academic achievement, such as the 

acquisition of literacy and arithmetic skills (Critten et al., 2018, 2019), as well as 

everyday motor skills including bimanual coordination and motor planning (James 

et al., 2015a). As will be discussed in more detail in this thesis, VPIs also impact QoL 

in CP (Mitry et al., 2016).  

 

1.2.2.1. Interventions to improve visual perception  

 

Although executive functions are more commonly used and have been found to 

have both near and far transfer effects, visual perceptual interventions have been 

reported to have a transfer effect on visual perception in the paediatric population 

(De Lisi & Wolford, 2002; Poon et al., 2010). For example, a study of children with 

learning difficulties (n = 26, 6 – 7 years old) found changes in visual perception after 

8 weeks (45 min per day, 1 day per week, total dose = 6 hours) of a computerized 

visual perception intervention compared to the control group. Similarly, a study of 

typically developing children (n = 47; 8 – 9 years old) demonstrated the effectiveness 

of the Tetris game in mental rotation (De Lisi & Wolford, 2002). Furthermore, 

interventions that include both executive and visual perceptual tasks have shown 
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improvements in the latter (Brock et al., 2018). Even far transfer effects have been 

found in visual perception in children with ID (n = 46, mean age = 10.9 ± 3.9 years) 

after a 16 week physical intervention (60 min per day, 3 days per week) (Chen et al., 

2015).  

 

Interventions to improve visual perception in cerebral palsy 

 

To date, no randomized controlled trials (RCTs) have investigated the effects of 

cognitive interventions on this population. However, a pre-test post-test design 

examined the effects of a non-computerized visual perceptual program on these 

skills in a sample of children (n = 56, 4 – 6 years old) with spastic CP (Cho et al., 2015). 

The study found significant improvements in visual perception after 8 weeks of 

intervention (30 minutes per day, 3 times a week, total dose = 12 hours). As VPI is a 

common symptom in individuals with CP, it is particularly important to explore the 

impact of cognitive interventions on visual perception. Although no RCTs have been 

conducted in CP populations, the available evidence of CP and other clinical 

populations shows promise for improving these functions.  

 

1.2.3. Memory skills 

Memory is a fundamental function involving the ability to encode, store, and retrieve 

information. It is complex and encompasses several types of memory, which can be 

broadly divided into three main categories: immediate memory, learning, and long-

term memory (Lezak et al., 2004).   

 

Immediate memory is the first stage of memory, and a limited capacity store of 

information is transferred to a more permanent store. It typically lasts for 

approximately 30 seconds to several minutes. It is essential to clarify the differences 

between immediate memory and working memory (one of the core executive 

function domains). Immediate memory refers to the ability to hold information in 

mind, whereas working memory involves both holding and manipulating 

information (Alloway et al., 2004; Gathercole et al., 2004). Notably, executive functions 

and memory are two distinct yet closely interrelated cognitive functions. The transfer 

of information from working memory to long-term memory is a slow process that 

requires information maintenance over time (Baddeley, 1998; Baddeley et al., 2011). 
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Finally, learning refers to the ability to acquire information, whereas long-term 

memory stores this information for long periods, from minutes to years (Lezak et al., 

2004). Memory skills play a crucial role in academic and knowledge acquisition 

(Smith, 2009).  

 

As known the involvement of prefrontal in working memory, the medial temporal 

lobe regions, particularly, the hippocampus, perirhinal and parahippocampal 

structures, are involved in learning and the creation of new memories. Finally, 

hippocampus and neocortex are important in the retrieval of long-term memories 

(Amoah, 2022; Lee et al., 2014; Ofen, 2012; Tang et al., 2018).  

 

Memory in cerebral palsy 

 

Few studies have examined memory performance in people with CP (Fluss & Lidzba, 

2020) and results across studies are inconsistent (Ballester-Plané et al., 2018; 

Beckung et al., 2008; Østensjø et al., 2003; Pueyo et al., 2009; Toomela, 2012). 

Regarding verbal memory, impairments in immediate memory and learning have 

been observed in patients with spastic CP (Østensjø et al., 2003; Toomela, 2012). 

Long-term verbal memory difficulties appear in both spastic and dyskinetic CP 

(Ballester-Plané et al., 2018; Pueyo et al., 2009). Studies on visual memory are scarce. 

However, in a study focusing on a dyskinetic population, visual memory difficulties 

were more prevalent than verbal memory (Ballester-Plané et al., 2018). 

 

1.2.3.1. Interventions to improve memory 

Although specific memory interventions have been widely investigated in adults, 

particularly in elderly individuals with memory impairments such as dementia 

(Zehnder et al., 2009), their use in children is not as common. In the paediatric 

population, a combination of memory, executive function, and visual perceptual 

tasks have been used to target cognition (Schaffer & Geva, 2016). Cognitive 

interventions have been shown to improve learning and memory in other paediatric 

populations, such as children with malaria (Bangirana et al., 2009, 2011), and 

acquired brain injury (Van’t Hooft et al., 2005). Van’t Hooft and Norberg (2010) 

reported improvements in immediate and long-term memories in children with 

acquired brain injury (n = 40; 9 – 16 years) after 17 weeks (30 min per day) of 
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intervention, which included inhibitory control and memory tasks. Similarly, 

Bangirana et al. (2011) investigated the effects of an intervention that included 

memory, inhibitory control, and visuomotor tasks in a group of 71 children with 

severe malaria aged 5 to 12 years, and the intervention group improved learning 

after 12 weeks of intervention.  

  

Interventions to improve memory in cerebral palsy  

 

Memory difficulties in children with CP have not been properly investigated, and 

there is no evidence of effective treatment for these skills. Despite the limited 

research on CP, it is important to identify interventions that can improve these skills 

due to their importance in daily life, particularly in school and the acquisition of 

knowledge (Smith, 2009). Studies conducted in other populations have shown that 

interventions involving executive function tasks (Bangirana et al., 2011; Van’t Hooft 

et al., 2005; Van’t Hooft & Norberg, 2010) or solely executive function interventions 

(Acosta et al., 2019; Grunewaldt et al., 2013, 2016) can have beneficial effects on 

memory skills, likely because of the interrelationship between the memory and 

executive function systems. Therefore, based on the existing scientific literature, 

evidence led us to hypothesize that executive function intervention in children with 

CP could produce a far transfer effect on memory skills.  

 

1.3. Other neuropsychological impairments 

People with CP are at a higher risk of developing mental health symptoms that often 

appear during childhood and escalate in adulthood (Downs et al., 2018; Van Der Slot 

et al., 2012; Weber et al., 2016; Whitney et al., 2019). A meta-analysis (Downs et al., 

2018) reported that approximately 28 – 35% of children and adolescents with CP 

reported psychological symptoms. Among the children manifesting mental health 

symptoms, approximately 30% showed anxiety symptoms and 8% presented with 

depressive symptoms.  

 

The prevalence of comorbid disorders such as Autism Spectrum Disorder (ASD) and 

ADHD is significantly higher in children with CP than in typically developing children. 

In 2007, The National Institute for Health and Care Excellence Guideline for 

diagnosing, assessing, and managing CP highlighted the importance of investigating 
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the prevalence of ASD and ADHD in individuals with CP (Shaunak & Kelly, 2018). This 

has increased the number of studies that have investigated the presence of these 

disorders. A recent study (Påhlman et al., 2021) reported that 45% of the children 

had ASD and/or ADHD, regardless of the severity of motor impairment. The study 

revealed that 15% of the children had ASD alone, approximately 14% had ADHD, 

and 16% were diagnosed with both neurodevelopmental disorders. Given the high 

prevalence of neuropsychological symptoms in individuals with cerebral palsy, it is 

crucial to consider these variables in both the evaluation and treatment of the 

condition, as well as their potential impact on an individual's well-being.  
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Figure 3. A summary of neuropsychology aspects of cerebral palsy, created specifically for 
this thesis. 
Abbreviations. ADHD, Attention Deficit Hyperactivity Disorder; ASD, Autism Spectrum Disorder; CP, 
Cerebral Palsy; QoL, Quality of Life; RCT, Randomized Controlled Trial.  
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QUALITY OF LIFE IN CEREBRAL PALSY 

 

People with chronic diseases often face multiple challenges that can significantly 

affect their daily lives. The impact on daily activity in individuals with CP translates 

into a decrease in QoL and participation (Calley et al., 2012). Rehabilitation programs 

for CP have highlighted QoL and participation as essential outcomes in assessing 

therapeutic effectiveness (Noreau et al., 2004), with some interventions specifically 

aimed at improving these aspects (Colver, 2009). However, defining and 

understanding the complex concepts of QoL and participation remain challenging. 

The World Health Organization (WHO) has been actively working to improve the 

understanding of these aspects since recognizing their importance in chronic 

diseases (WHOQOL GROUP, 1995; WHO, 2001).  

 

1. Participation in daily activities 

Participation is an important outcome of the ICF from the WHO (WHO, 2001). It refers 

to involvement in life situations or daily activities (WHO, 2007). The ICF is a 

comprehensive and useful biopsychosocial framework that describes and 

understands function and health, and is applicable to clinical care (Noten et al., 2022; 

Schiariti et al., 2015). Functioning is described by the interrelationship between four 

components: (1) body function and structures; (2) activities and participation; (3) 

personal factors, and (4) environmental factors. In the context of CP, participation 

gained relevance after the introduction of the ICF model. There is general consensus 

that participation contributes to QoL (Law, 2002). For the CP population specifically, 

the Study of Participation of Children with Cerebral Palsy Living in Europe (SPARCLE), 

a multicentre European observation-based study, was designed to investigate the 

relationship between participation, QoL, and the environment (Colver, 2006).  

 

2. Quality of life 

Although QoL is not part of the ICF model, several authors consider that QoL should 

be evaluated by considering all components of the framework. McDougall et al. 

(2011) proposed a modified version of the ICF model to better understand QoL 

(Figure 4). The WHO defines QoL as an “individual’s perceptions of their position in 
life in the context of the culture and value systems in which they live and in relation 
to their goals, expectations, standards, and concerns” (WHOQOL GROUP, 1995). This 
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concept is all-encompassing and intricate, intertwining various aspects of an 

individual's life, such as physical well-being, psychological state, autonomy level, 

social relationships, personal convictions, and interactions with significant aspects of 

their surroundings (WHOQOL GROUP, 1995). Most instruments assessing QoL include 

sections related to emotional, social, material, physical well-being, self-esteem, and 

self-determination (Colver, 2009). Assessing QoL in people with CP is relevant as it 

provides a subjective indication of well-being across these domains (Gilson et al., 

2014). Furthermore, QoL assessments can complement objective measures used to 

determine functioning (Majnemer & Mazer, 2004).  

 
Figure 4. The World Health Organization’s model of functioning and disability including 
quality of life, adapted from McDougall (2011).  
 

2.1. Factors influencing quality of life in cerebral palsy 

Multiple factors can influence the QoL of individuals with CP and affect their life 

satisfaction (Figure 4) (Colver, 2009; Gilson et al., 2014). Identifying factors related to 

QoL can help determine appropriate assessments and interventions to improve the 

daily lives of individuals with CP. The following section provides an overview of the 

outcomes associated with QoL which are categorized as clinical, demographic, 

neuropsychological, and psychosocial.  
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2.1.1. Clinical variables  

Clinical factors, together with demographic variables, are the most explored 

outcomes for determining aspects that could influence QoL in patients with CP. The 

mainly clinical variables examined in CP have been motor functioning, type of CP, 

motor distribution, pain, epilepsy, and communicative impairments.  

 

Multiple studies have found that greater impairments in gross motor function (Badia 

et al., 2016; Böling et al., 2016; Chen et al., 2014; Liu et al., 2009; Majnemer & Mazer, 

2004; Mc Manus et al., 2008; Park, 2017; Rapp et al., 2017) and fine motor skills 

(Böling et al., 2016; Chen et al., 2014; Laporta-Hoyos et al., 2017; Park, 2017) are 

associated with lower QoL, particularly in the physical domains of QoL. Additionally, 

CP type and motor distribution have been identified as determinants of QoL (Böling 

et al., 2016; Jiang et al., 2016; Ozkan, 2018). Specifically, individuals with tetraplegia 

tend to have a lower QoL than those with hemiplegia and diplegia CP (Ozkan, 2018).  

 

Other associated symptoms have also been identified, such as higher levels of pain 

(Elema et al., 2016; Findlay et al., 2016; Giray et al., 2018; Rapp et al., 2017) and the 

presence of epilepsy (Jiang et al., 2016). Pain and epilepsy are more common in 

individuals with higher motor severity, which is also related to lower QoL in CP. 

Finally, difficulties in everyday communication have been associated with a 

decreased QoL (Böling et al., 2016; Laporta-Hoyos et al., 2017; Omura et al., 2018; 

Rapp et al., 2017).  

 

2.1.2. Demographic variables 

Personal factors related to age, sex, and socioeconomic status have been shown to 

influence the QoL of individuals with CP. Studies have reported that higher age 

(Radsel et al., 2017), male sex (Badia et al., 2016; Türkoğlu et al., 2016), and higher-

level socioeconomic status CP (Laporta-Hoyos et al., 2017) are predictors of worse 

QoL.  

 

2.1.3. Psychosocial variables 

Among the psychosocial factors studied in relation to CP, parental stress, type of 

schooling, and participation have emerged as being particularly important. Parents 
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of children with CP often experience stress and burden because of the challenges 

associated with this condition (Guyard et al., 2010). Research focusing on QoL has 

indicated that parental stress plays a significant role and is predictive of lower QoL 

(Rapp et al., 2017). Studies have presented inconclusive findings regarding type of 

schooling. While some studies have reported higher levels of QoL when children 

attend special schools (Badia et al., 2016), others have found the opposite effect 

(Beckung et al., 2008; Majnemer et al., 2007). Finally, as mentioned previously, 

participation is associated with QoL (Burak & Kavlak, 2019; Omura et al., 2018).  

 

2.1.4. Neuropsychological variables  

The relationship between neuropsychological variables and QoL is the least explored 

in CP, and available studies have focused mainly on IQ (Badia et al., 2016; Böling et 

al., 2016; Jiang et al., 2016; Rapp et al., 2017). General intellectual functioning is 

associated with several QoL domains in children with CP (Arnaud et al., 2008; Badia 

et al., 2016; Böling et al., 2016; Jiang et al., 2016; Rapp et al., 2017). Rapp et al. (2017) 

showed that IQ was a predictor of several domains of QoL in a sample of children (n 

= 551, age range 8 – 12 years) with CP, with a greater effect in cases of severe 

intellectual impairment (IQ < 50). Additionally, this influence has been demonstrated 

in the physical health domain of QoL among young adults with CP (Jiang et al., 2016).  

 

Regarding specific cognitive functions, only two studies have investigated the 

influence of executive functions (Laporta-Hoyos et al., 2017) and visual perception 

on QoL (Mitry et al., 2016). On the one hand, Laporta-Hoyos et al. (2017) reported that 

executive functions predicted overall QoL and several domains of QoL. The most 

remarkable result of this study is that, among executive functions, cognitive flexibility 

predicted the total QoL score and four domains in a sample of adolescents and 

adults with dyskinetic CP (n = 50, age range 12 – 62 years). No previous studies have 

been conducted on the other types of CP. Moreover, no studies have investigated its 

role in children with CP, but previous studies have demonstrated its relationship with 

other paediatric populations (De Vries & Geurts, 2015; Love et al., 2016; Sanz et al., 

2018; Schraegle & Titus, 2016; Sherman et al., 2006). In contrast, Mitry et al. (2016) 

investigated the effects of visual perception in children with CP (n = 180, age range 

6 – 11 years). The results of this study suggested that the presence of VPIs is 

associated with decreased overall QoL and emotional/social subscale scores. 
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Nevertheless, no previous research has investigated the influence of executive 

functions, visual perception and memory, on QoL to determine which of them has a 

higher role in QoL in the CP population. Additionally, no research has investigated 

the association between memory and QoL in individuals with CP, although verbal 

memory has been linked to QoL in other paediatric populations, such as children 

with epilepsy (Hrabok et al., 2013).   

 

Behavioural and emotional problems affect the QoL of children (Chen et al., 2014; 

Majnemer et al., 2007; Park, 2017) and adolescents with CP (Colver et al., 2015; Rapp 

et al., 2017). However, no previous study has explored the relationship between ASD 

traits and QoL in the CP population. Owing to the high prevalence of ASD 

symptomatology in this disorder, its impact on QoL in individuals with CP should be 

investigated further.  

 

2.2. Interventions to improve quality of life 

With the scarcity of studies examining the effects of cognitive interventions on 

untrained cognitive functions, there are even fewer studies investigating far transfer 

effects in daily life that incorporate QoL as an outcome measure. Moreover, the 

findings of these studies are inconsistent, as some indicate post-intervention 

improvements in QoL (Çalik et al., 2012), whereas others do not report such 

enhancements (De Vries et al., 2015; Dovis et al., 2015).  

 

Interventions to improve quality of life in cerebral palsy  

 
No previous studies have explored the impact of cognitive interventions on QoL in 

individuals with CP (Figure 5). However, QoL is considered an outcome of physical 

interventions to determine improvements in well-being. A systematic review (Tsoi et 

al., 2012) revealed that physical interventions improve QoL in CP, albeit with limited 

effectiveness. Although the association between executive functions and QoL in 

children with CP remains unexplored, findings from studies conducted in adult 

population (Laporta-Hoyos et al., 2017) suggest that interventions targeting executive 

functions may offer a promising alternative to physical interventions to achieve a 

more significant impact on QoL. Consequently, further investigations are required to 

confirm this hypothesis. 
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Figure 5. A summary of quality of life aspects in cerebral palsy, created specifically for this 
thesis. 
Abbreviations. CP, Cerebral Palsy; QoL, Quality of Life.  
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AIMS AND HYPOTHESES 
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Cerebral palsy is a multifaceted disorder that presents challenges for both children 

and their families. The considerable burden on individuals with CP can significantly 

impact on their daily lives. Beyond the motor impairment, the introduction of this 

thesis provides an overview of the cognitive function impairments experienced by 

people with CP throughout their lives. Existing evidence highlights difficulties in 

specific cognitive functions, such as executive functioning and visual perception. 

Additionally, memory impairments are also present, but they have been less studied. 

However, studies on the effectiveness of interventions to improve cognitive functions 

in individuals with CP are scarce and require further investigation. Additionally, 

although the impact of cognitive functions on QoL in CP has been acknowledged, 

there is a paucity of literature that thoroughly investigates this association. 

Consequently, studies that consider all cognitive functions along with other variables 

to elucidate the factors influencing QoL in CP are lacking. Furthermore, while 

executive function interventions in other children’s populations have shown a far 

transfer effect on other cognitive functions, no previous research has demonstrated 

the far transfer effects of this type of intervention on memory and visual perception, 

and even on QoL in children with CP. The follow-up effects of these interventions 

remain unknown. This thesis employed different scientific study approaches, 

including a systematic review, a cross-sectional study and an RCT, with the main aim 

of optimising the effects of cognitive interventions in children with CP. Each study 

included in this thesis considered the following specific aims and hypotheses:  

 

STUDY 1 
 

1. To systematically outline the most effective interventions for improving cognitive 

functions in individuals with CP based on the best available evidence.  

Hypothesis: given that interventions in CP are mainly focused on motor aspects 

(Novak et al., 2013), we assume that the predominant type of intervention 

investigating its effect on cognitive functions would be physical interventions. It 

is expected that physical interventions will have beneficial effects on general 

intellectual functioning, executive functions, and visual perception, based on 

previous evidence regarding the effectiveness of these interventions in other 

populations (Ardoy et al., 2014; Chen et al., 2015; Erickson et al., 2019; Koščak 

Tivadar, 2017; Tomporowski et al., 2008). 
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2. To identify gaps in the existing literature regarding interventions with an impact 

on cognitive functions in people with CP. 

Hypothesis: research on cognitive interventions in individuals with CP is currently 

limited (Cho et al., 2015; Novak et al., 2013), with no RCT focusing on the effects 

of cognitive interventions, specifically in this population. Nevertheless, 

considering the available research in other populations (Acosta et al., 2019; 

Grunewaldt et al., 2013, 2016; Klingberg et al., 2002; Løhaugen et al., 2011; Thorell 

et al., 2009), whether cognitive interventions are used in CP, even in the absence 

of RCTs, we hypothesize that they will be mainly executive function interventions. 

 

STUDY 2 
 

2. To investigate the relationship between QoL and neuropsychological variables 

in children with CP, using a biopsychosocial approach, including other clinical, 

demographic, and psychosocial variables.  

Hypothesis: executive function would be related to overall and several specific 

domains of QoL in children with CP, taking into account its impact on daily life 

during childhood (Diamond, 2013) and the relationship found in adults with CP 

(Laporta-Hoyos et al., 2017) and other children’s populations (Sherman et al., 

2006). Our second hypothesis is that visual perception would be associated with 

overall QoL and specific domains, as found in previous studies in this population 

(Mitry et al., 2016), and its relationship with academic achievement and everyday 

motor skills of children with CP (Critten et al., 2018, 2019; James et al., 2015a). 

Our third hypothesis is that memory would be linked to QoL, as demonstrated in 

other paediatric populations, highlighting its role in academic settings (Smith, 

2009) and its impact on QoL (Hrabok et al., 2013). Finally, we expect to find a 

relationship between general intellectual functioning and QoL, based on previous 

results in individuals with CP (Arnaud et al., 2008; Badia et al., 2016; Böling et al., 

2016; Jiang et al., 2016; Rapp et al., 2017). 
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STUDY 3 
 

1. To test whether a home-based computerized executive function intervention 

produces far transfer effects on other cognitive functions (memory and visual 

perception). 

Hypothesis: based on previous literature involving interventions targeting 

executive function tasks in various paediatric populations (Acosta et al., 2019; 

Bangirana et al., 2011; Grunewaldt et al., 2013, 2016; Løhaugen et al., 2011; Van’t 

Hooft & Norberg, 2010) together with the interrelationship between executive 

functions and memory skills (Baddeley et al., 2011), we expect to find a far transfer 

effect of a home-based computerized executive function intervention on learning 

and memory in children with CP. Furthermore, based on earlier studies 

conducted on children in which cognitive interventions included executive 

function tasks (Brock et al., 2018), we also expected to observe enhanced 

performance in visual perception among the intervention group.  

 

2. To test whether a home-based computerized executive function intervention 

produces far transfer effects on daily life (QoL and participation), while 

considering potential variables that could influence the effectiveness of the 

intervention. 

Hypothesis: considering that executive function interventions have improved QoL 

(Çalik et al., 2012), together with the fact that executive functions have been 

associated with QoL in the CP population (Laporta-Hoyos et al., 2017) and other 

paediatric populations (Sherman et al., 2006), it is expected to observe beneficial 

effects on QoL and participation after executive function intervention.  

 

3. To determine whether the effects found immediately after the end of the 

intervention, if any, are maintained for more than half a year.  

Hypothesis: given that the maintenance of far transfer effects on untrained 

cognitive functions has been found in other child populations (Grunewaldt et al., 

2013, 2016), we anticipate observing the preservation of these far transfer effects 

on cognitive functions during the follow-up assessment. 
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The present thesis comprises three studies, each with a different approach design, 

to address the general aim of optimising the effect of cognitive interventions in 

children with CP. First, a systematic review was conducted to identify previous 

research on interventions that affect cognitive function in individuals with CP (Study 

1). Second, a cross-sectional study was conducted to determine the factors 

influencing QoL (Study 2). Finally, an RCT was implemented to investigate the far 

transfer effects of a home-based cognitive intervention (Study 3). The following 

section provides a brief description of the methods used in each study. Due to 

differences in sample characteristics and study design, the description of each study 

is explained separately. More detailed information about the methods can be found 

in the respective methodology descriptions of each study in the Results section of 

this thesis. The three studies are included in the research project “Executive training 
in cerebral palsy: participation, quality of life and brain connectivity” (ETCONNECT, 

PSI 2016-75979-R). The research project ETCONNECT was approved by the University 

of Barcelona’s Institutional Ethics Committee, Institutional Review Board (IRB 

00003099, assurance number: FWA00004225; 

http://www.ub.edu/recerca/comissiobioetica.htm).  

 

1. Study 1 

 

1.1. Design 

A systematic review was conducted according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines for reporting systematic 

reviews (Moher et al., 2015). The PRISMA statement is an international guideline that 

helps authors properly report the results of systematic reviews. It consists of a 27-

item checklist and a flow diagram that outlines the essential information to be 

included in this type of study and guarantees the quality of the reported results. The 

systematic review protocol was registered in the International Prospective Register 

of Systematic Reviews (PROSPERO; registration number: CRD42020152616) in 

September 2019.  

 

1.2. Information sources and search strategy  

A literature search was carried out using the PubMed, PsycINFO, CENTRAL, CINAHL, 

and ERIC databases through the EBSCO host. The selected databases covered all the 

https://www.ub.edu/comissiobioetica/
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relevant literature in the fields of health sciences, psychology, and education. Studies 

published between January 2010 and December 2021 were included. The first 

electronic search was performed in October 2019, followed by a second search in 

December 2021 to update the results. The Participants (P), Interventions (I), 

Comparisons (C) and Outcomes(O), PICO, approach was used to facilitate the 

identification and selection of key information needed to formulate and conduct the 

search. Accordingly, the systematic review focused on (P) participants with a 

diagnosis of CP; (I) non-pharmacological, non-invasive interventions that did not 

require highly specialized resources; (C) comparators where the presence of a control 

group or non-control group; and (O) included outcomes were cognitive outcomes. 
  

To ensure effective electronic search results, the search terms were carefully 

reviewed considering Medical Subject Heading (MeSH) terms and following the 

expertise and knowledge of our team. The search terms were: “cerebral palsy” AND 

(intervention OR rehabilitation OR neurorehabilitation OR training OR therap* OR 

treatment OR stimulation OR program OR computerized) AND (cogniti* OR 

executive func* OR language OR memory OR visual percep* OR attention OR 

neuropsych*). The search items were limited to the title, abstract, and keywords. 

 

1.3. Selection strategy   

After eliminating duplicate articles, the titles and abstracts were independently 

screened by two reviewers. The inclusion criteria are listed in Table 3. Disagreements 

were resolved through discussion, and when no consensus was reached, a third 

author resolved any differences. Studies whose titles and abstracts made it difficult 

to consider inclusion were read in the full text to make a final decision.  

 

Table 3. Inclusion criteria of Study 1. 
1) Original articles published in English or Spanish. 
2) CP population: participants diagnosed with CP, or when the studies included 

participants with other conditions, those in which > 75% of participants had CP 
or the results were presented separately for CP. 

3) Therapies that include a cognitive assessment if they were non-invasive, non-
pharmacological, and did not require highly specialized resources such as 
transcranial magnetic stimulation procedures. 

Abbreviations. CP, Cerebral Palsy. 
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1.4. Data collection and quality assessment 

Data extraction was performed by two reviewers. The extracted information 

included: (1) author and year of publication; (2) sample characteristics, such as 

number of participants, age, type of CP, and motor ability; (3) description of the study 

design, including type of study, group characteristics, and number of measures; (4) 

details of the intervention, such as type, frequency, and total dose; and (5) outcome 

measures, including both cognitive and non-cognitive assessments. 

 

As mentioned above, research on interventions that impact cognitive function is 

scarce. For this reason, different types of design studies were included to consider all 

practices that may occur in CP. To classify the quality of these studies, a quality 

assessment was conducted using the Oxford Centre for Evidence-Based Medicine 

(CEBM) 2011 (OCEBM Levels of Evidence Working Group, 2011). The CEBM Levels of 

Evidence (LOE) for treatment benefits include five levels: (1) systematic reviews of 

RCTs or n-of trials; (2) RCTs or observational studies with dramatic effects; (3) non-

randomized controlled cohort/follow-up studies; (4) case series, case-control studies, 

or historically controlled studies; and (5) mechanism-based reasoning.  

 

The risk of bias of the RCTs (LOE level 2) was evaluated using the Cochrane 

Collaboration risk of bias tool (Higgins & Green, 2011). This tool covers six domains of 

bias: sequence generation, allocation concealment, blinding (participants, personnel, 

and outcome assessors), incomplete outcome data, selective outcome reporting, 

and other biases. A description of each domain is presented in Table 4. Every risk of 

bias was classified as low (+), high (-), or unclear risk of bias (?) when there was a lack 

of information.  
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Table 4. Cochrane Collaboration’s tool for assessing risk of bias, adapted from Higgins et al. (2011). 
Bias domain Source of 

bias 
Description Examples 

Selection Random 
sequence 
generation  

Describe the method used to 
generate the allocation sequence 
in detail to allow an assessment of 
whether it should produce 
comparable results.  

Low risk of bias: using a 
computer random number 
generator. 
High risk of bias: allocation 
by the judgment of clinician 
or birthdate. 

 Allocation 
concealment  

Describe the method used to 
conceal the allocation sequence in 
detail to determine whether 
intervention allocations could have 
been foreseen before or during 
enrolment. 

Low risk of bias: using 
sequentially numbered, 
opaque, and sealed 
envelopes. 
High risk of bias: translucent 
envelopes. 

Performance  Blinding of 
participants 
and 
personnel  

Describe all measures used to 
blind participants and researchers 
from knowledge of which 
intervention a participant received.  

Low risk of bias: participants 
and personnel blinding are 
maintained. 
High risk of bias: incomplete 
or broken blinding.  

Detection Blinding of 
outcome 
assessment  

Describe all measures used to 
blind outcome assessment from 
knowledge of which intervention a 
participant received.  

Low risk of bias: blinding and 
unlikely that the blinding 
could have been broken. 
High risk of bias: no blinding 
and measurement likely to 
be influenced 

Attrition  Incomplete 
outcome 
data  

Describe the completeness of 
outcome data for each main 
outcome, including attrition and 
exclusions from the analysis. 
Indicate whether attrition and 
exclusions were reported, the 
number of participants in each 
intervention group (compared 
with the total number of 
randomized participants), reasons 
for attrition or exclusions where 
reported, and any reinclusions in 
analyses for the review. 

Low risk of bias: reasons for 
missing data not related to 
outcome. 
High risk of bias: dropouts 
are very large.  

Reporting Selective 
reporting 
outcome 

Indicate how selective outcome 
reporting was examined and what 
was found. 

Low risk of bias: all 
prespecified outcomes are 
reported. 
High risk of bias: protocol not 
available and/or outcomes 
reported incompletely. 
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2. Studies 2 and 3  

2.1. Design  

2.1.1. The cross-sectional design  

This cross-sectional study (Study 2) investigated the relationship between QoL and 

cognitive functions in children with CP. Of the 60 participants who participated in 

the ETCONNECT project, 58 completed the Cerebral Palsy Quality of Life (CP QoL) – 

Child questionnaire. The neuropsychological assessment and CP QoL questionnaire 

completed at baseline (T0) were included in Study 2.  

 

2.1.2. The randomized controlled design  

Neuropsychological assessment was carried out before the intervention (T0, 

baseline), immediately after the intervention (T1, post-intervention), and after 9 

months the intervention finished (T2, follow-up). The QoL and participation measures 

were also assessed at T0, T1, and T2.  

 

Randomization 

 

Participants were matched in pairs according to sex, age (8-10.5/10.6-12 years), level 

of functional grading of the upper limb (MACS levels I-II/III) (Eliasson et al., 2006), and 

intelligence quotient (<80/≥80) (Raven et al., 2011). The participants were randomly 

assigned to the intervention or waitlist control groups. The researcher who 

conducted the neuropsychological assessment was blinded to the group status of 

the participants (intervention group or waitlist control group) until the data 

collection was completed. 

 

Intervention group 

 
The intervention consisted of a computerized home-based executive function 

program NeuronUP (www.neuronup.com). The total dose was 30 hours (15 

min/session, 10 sessions per week for 12 weeks). The intervention included core 

executive function, higher-order executive function, and social cognition tasks. The 

intervention was specifically designed for the ETCONNECT project, incorporating 

tasks from the program itself as well as additional tasks proposed by the research 

http://www.neuronup.com/
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team. Our team thoroughly selected the tasks of the computerized program. Two 

psychologists independently analysed the tasks and classified them according to the 

main domain of executive function they targeted.   

 

After task classification, sessions (n = 120) were created by combining different tasks 

according to the proportion of domains worked in each session (see Figure 6). The 

level of difficulty for each task was automatically adjusted, depending on the child's 

level of performance. Figure 7 shows an example of tasks included in the 

intervention. A personalized schedule decorated with the children’s preferences was 

delivered, including program instructions, important appointments for 

neuropsychological assessment, and a specific area designed for recording the 

activities conducted by the children during the 12 weeks. Adherence was monitored 

by a health professional by using website reports after each intervention session. The 

health professional who monitored adherence to the intervention contacted the 

participant’s family weekly to provide feedback on recorded information. 
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Figure 6. Structure of intervention in RCT, created specifically for this thesis. Abbreviations. 
RCT, Randomized Controlled Trial.  
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Figure 7. Example of NeuronUP tasks included in the intervention conducted in Study 3. 
 

 

Waitlist control group 

 

The participants randomized to the waitlist control group maintained their usual 

care. Children in the waitlist control group also received a personalized schedule 

with important information and a specific area to register the activities conducted 

by the children during the 12-week period, to ensure that no changes in routine 

occurred. Health professionals contacted the participants’ families weekly to 

maintain adherence. Once the children in the waitlist control group completed the 

three neuropsychological assessments (T0, T1, and T2), the intervention was offered.  

 

2.2. Participants 

Studies 2 and 3 shared a common recruitment process (Figure 8). Participants were 

recruited from the Sant Joan de Déu-Barcelona Children’s Hospital (Department of 
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Neurology and Rehabilitation and Physical Medicine), Vall d’Hebron University 

Hospital (Department of Rehabilitation and Physical Medicine), and ASPACE 

Catalunya Foundation (Department of Health Services and Rehabilitation) in 

Barcelona. Health professionals from these institutions (such as paediatric 

neurologists and occupational therapists) informed parents of potential participants 

about the possibility of participating in the research project. The protocol was 

registered at ClinicalTrials.gov (NCT04025749) and published (García-Galant et al., 

2020). In addition to these institutions, the sample was recruited from our project 

website (https://etconnectub.wixsite.com/etconnect) and from a previous study by 

the research group (Ballester-Plané et al., 2016).  

Figure 8. Design of the studies 2 and 3, created specifically for this thesis. 
Abbreviations. RCT, Randomized Controlled Trial.  
 

Parents who were interested in participating received a phone call from a team 

member to provide details about the study, including its purpose, procedures, and 

duration. Once willingness to participate was confirmed, team members arranged 

their first appointment. The study procedure consisted of a minimum of four 

appointments, including the appointment mentioned, over a period of one year. 

 

At the first visit, once team members ensured that the participants met the inclusion 

criteria (Table 5), all participants’ caregivers signed a written informed consent form 

in accordance with the Helsinki Declaration. Subsequently, parents were interviewed 

to obtain demographic and clinical data. Children were assessed to confirm the 

inclusion criteria for basic grammar comprehension. General intellectual functioning 

was also assessed at the same visit, which was used as a matching criterion in Study 

3. 

 

https://etconnectub.wixsite.com/etconnect
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Once the participants were randomly allocated to the intervention or waitlist control 

group, three neuropsychological assessments were performed to determine 

cognitive functioning before the intervention (T0), after the intervention (T1), and 9 

months after the intervention finished (T2). Enrolment started in November 2017, 

and the anticipated data collection was expected to be completed in April 2020. 

Data collection was extended to January 2022 because of the severe lockdown in 

Spain during the Covid-2019 pandemic. 

 

Table 5. Inclusion and exclusion criteria of Studies 2 and 3. 
Inclusion criteria Exclusion criteria 
§ Clinical diagnosis of CP. 
§ Age from 8 – 12 years old. 
§ MACS I – III (Eliasson et al., 2006) 
§ Competency to understand simple instructions as 

assessed by the STSG (Toronto, 1973). 
§ Availability to participate in the study for one year. 
§ Accessibility to internet at home. 

§ Severe hearing and/or 
visual difficulties that 
preclude 
neuropsychological 
assessment and cognitive 
intervention. 
 

Abbreviations. CP, Cerebral Palsy; MACS, Manual Ability Classification System; STSG, Screening Test 
of Spanish Grammar. 

 

2.3. Assessment 

2.3.1. Demographic and clinical data  

The children's medical records were reviewed to obtain demographic and clinical 

data. The demographic data included age, sex, and socioeconomic variables. Clinical 

variables included (1) functional ability, such as motor and communication measures 

(Table 6), (2) motor CP type and distribution of motor impairment; (3) gestational 

age; and (4) presence of additional symptoms (e.g., epilepsy and pain). Additionally, 

interviews with the parents were conducted to complete the information.  

 

Table 6. Classification systems used to measure functional status. 

Functional ability Classification system 

Motor function Gross motor GMFCS (Palisano et al., 2008) 
Manual ability  MACS (Eliasson et al., 2006) 
 BFMF (Elvrum et al., 2016) 

Communication Everyday communication CFCS (Hidecker et al., 2011) 
 Speech production VSS (Pennington et al., 2013) 
Abbreviations. BFMF, Bimanual Fine Motor Function; CFCS, Communication Function Classification 
System; GMFCS, Gross Motor Function Classification System; MACS, Manual Ability Classification 
System; VSS, Viking Speech Scale. 

 



 
 

74 

2.3.2. Neuropsychological assessment 

A comprehensive neuropsychological test battery was used to evaluate the 

cognitive functions of the participants in Studies 2 and 3. The tests were carefully 

selected to minimize the influence of motor skills and execution time, ensuring that 

the majority of the participants could respond autonomously. The test selection was 

based on previous research findings on people with CP (Di Lieto et al., 2017; 

Piovesana et al., 2015; Pirila et al., 2004), including the research experience of our 

team in previous projects (Ballester-Plané et al., 2016; Laporta-Hoyos et al., 2017; 

Pueyo et al., 2008, 2009). Neuropsychological assessments included measures of 

general intellectual functioning, executive functions, visual perception, and memory. 

Table 7 shows the performance-based tests used in each study.   

 

The duration of the neuropsychological assessment depended on the case, varying 

between two and five hours. In cases where fatigue was present or the evaluation 

exceeded 2 hours, the assessment was conducted in two or three separate 

appointments to avoid fatigue that could influence the results. It should be noted 

that the original tests were used, and no adaptations in the administration or scoring 

of the tests were used. Finally, the raw scores were converted into standardized 

scores to homogenise the scores across different tests by correcting for age and 

providing clinical significance to the interpretation. IQ scores were used for general 

intellectual functioning, and Z-scores for specific cognitive functions. A parent-proxy-

reported version of the Behavior Rating Inventory of Executive Function–Second 

Edition (BRIEF-2) was used to assess the behavioural manifestation of executive 

functioning in everyday life (Gioia et al., 2000). No participant scored below 70 in 

general intellectual functioning. The number of participants in the sample with 

impairments in each cognitive function is presented in Table 8. For extended details 

on cognitive impairments within each group at the three time points (T0, T1, and T2) 

refer to Annex 1. 
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Table 7. Neuropsychological performance-based tests. 

Cognitive function Test 
Study 
2 3 

General intellectual functioning RCPM (Raven et al., 2011) ü  ü  
Executive 
functions 

Inhibitory control Digit Total Score – WISC-V  
(Wechsler et al., 2015) ü   

    Auditory Attention – NEPSY-II  
(Korkman et al., 2014) ü   

Working memory Digit Span Backward – WISC-V  
(Wechsler et al., 2015) ü   

Cognitive flexibility Response Set – NEPSY-II  
(Korkman et al., 2014) ü   

Planning Tower – D-KEFS  
(Delis et al., 2001) ü   

Social cognition Theory of Mind – NEPSY-II  
(Korkman et al., 2014) ü   

Memory Immediate, verbal  Digit Span Forward – WISC-V  
(Wechsler et al., 2015)  ü  

Immediate, visual Spatial Span Forward – WNV  
(Wechsler & Naglieri, 2006)  ü  

Learning and long-term, verbal Word Selective Reminding – 
TOMAL (Reynolds, 1998) ü  ü  

Learning and long-term, visual Memory for Designs – NEPSY-II  
(Korkman et al., 2014) ü  ü  

Visual 
perception 

Object recognition Facial Recognition Test  
(Benton et al., 1994) ü  ü  

 Visual spatial perception Arrows – NEPSY-II  
(Korkman et al., 2014) ü  ü  

Abbreviations. D-KEFS, Delis-Kaplan Executive Function System; NEPSY-II, A Developmental 
NEuroPSYchological Assessment-Second Edition; RCPM, Raven’s Coloured Progressive Matrices; TOMAL, 
Test of Memory and Learning; WISC-V, Wechsler Intelligence Scale for Children-Fifth Edition; WNV, 
Wechsler Non-Verbal Scale of Ability.  
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Table 8. Participants with impaired cognition at baseline (n = 60).  
Neuropsychological outcome Measure n  % 
Executive functions    
   Inhibitory control Digit Total Score – WISC-V 21a 35 
 Auditory Attention – NEPSY-II 17 a 28 
   Working memory Digit Span Backward – WISC-V 13 a 22 
   Cognitive flexibility Response Set – NEPSY-II 23 a 38 
   Planning Tower – D-KEFS 14 a 23 
   Executive functions    
   in daily life 

Behavioral Regulation Index – BRIEF-2 19 b 32 
Emotional Regulation Index – BRIEF-2 24 b 41 
Cognitive Regulation Index – BRIEF-2 24 b 42 
Global Index of Executive Function – BRIEF-2 24 b 42 

Social cognition Theory of Mind 21a 35 
Memory    
   Immediate, verbal Digit Span Forward – WISC-V 9 a 15 
   Immediate, visual Spatial Span Forward – WNV 18 a 30 
   Learning, verbal Word Selective Reminding – TOMAL 22 a 37 
   Learning, visual Memory for Designs – NEPSY-II 29 a 48 
   Long-term, verbal Word Selective Reminding Delayed – TOMAL 9 a 15 
   Long-term, visual Memory for Designs Delayed – NEPSY-II 28 a 47 
Visual perception    
   Object recognition Facial Recognition Test 6 a 10 
   Visual spatial perception Arrows – NEPSY-II 24 a 40 
Psychological adjustment Total difficulties SDQ 10 c 18 
ASD traits ASSQ 9 d  16 
Notes. a Impairment was determined by considering a Z-score < -1.5; b Impairment was determined by 
considering a T-score > 65; c Presence of behavioral problems was considered by direct scores ≥ 17; d 

Presence of ASD was considered by direct scores > 19.  
 
Abbreviations. ASSQ, Autism Spectrum Screening Questionnaire; BRIEF-2, Behavior Rating Inventory 
of Executive Function-Second Edition; D-KEFS, Delis-Kaplan Executive Function System; NEPSY-
Second Edition, A Developmental NEuroPSYchological Assessment-II; RCPM, Raven’s Coloured 
Progressive Matrices; SDQ, Strengths and Difficulties Questionnaire; TOMAL, Test of Memory and 
Learning; WISC-V, Wechsler Intelligence Scale for Children-Fifth Edition; WNV, Wechsler Non-Verbal 
Scale of Ability.  

 

2.3.3. Quality of life and participation 

QoL and participation were assessed to evaluate the daily activities. The CP QoL-

Child questionnaire was used to assess QoL. The CP QoL-Child questionnaire 

contains seven domains: Social Well-being and Acceptance, Participation and 

Physical Health, Feelings about Functioning, Emotional Well-being and Self-Esteem, 

Pain and Impact of Disability, Access to Services, and Family (Waters et al., 2007). The 

Participation and Environment Measure for Children and Youth (PEM-CY) 

questionnaire was used to assess participation in home, school, and community 

activities (Coster et al., 2011). The proxy-reported versions of both questionnaires 
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were completed by participants' parents. A summary of proxy-reported 

questionnaires included in each study is presented in Table 9.  

 

 

3. Statistical analyses 

3.1. Study 1 

In addition to following the standard PRISMA guidelines, effect sizes were calculated 

when the data allowed it, to facilitate comparison between studies. Moreover, the 

effect sizes reported by the authors were coded. To compare the results across 

different studies (RCT and non-RCTs), individual effect sizes (standardized mean 

differences) were calculated and transformed into a common metric (Morris & 

DeShon, 2002)  

 

3.1.1. Effect size for controlled trials 

In controlled trials (levels 2 and 3 of LOE), the effect size was calculated as a pre-post 

mean change in the treatment group minus the pre-post mean change in the 

control group divided by the pooled pre-intervention standard deviation with a bias 

adjustment (dppc2). The dppc2 formula is as follows (Morris, 2008):  

 

𝑑!!"# = 𝐶𝑝 %
&𝑀!$%&, ) −𝑀!*+, )) − &𝑀!$%&, , −  𝑀!*+, ,)

𝑆𝐷!*+
- 

 

The M-./, 0 and M-123, 0 indicate the pre- and post-test mean for the intervention 

group, respectively. Likewise, the M-./, 4and M-123, 4 indicates the pre- and post-test 

mean for the control group.  

Where     C-  =  1  −   5
6 (8!98":#):<

   

Table 9. Proxy-reported questionnaires.  

Outcome Questionnaire 
Study 
2 3 

Executive functions in daily life BRIEF-2 (Gioia et al., 2000) ü   
Quality of life CP QoL-Child (Waters et al., 2007)  ü  ü  
Participation PEM-CY (Coster et al., 2011) ü  ü  
Abbreviations. BRIEF-2, Behavior Rating Inventory of Executive Function-Second Edition; CP QoL, 
Cerebral Palsy Quality of Life Questionnaire; PEM-CY, Participation and Environment Measure for 
Children and Youth.  
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The n0 consist in the number of participants in intervention group and the n4 in the 

control group. 

The pooled standard deviation (SD-./) is defined as: 

SD-./  =  4
(n0 − 1)	SD-./, 0# + (n= − 1)	SD-./, 4#

n0  + n=  −  2
 

The standard deviations for the intervention and control groups are SD-./, 0 and 

SD-./, 4, respectively. 

 

3.1.2. Effect size for non-controlled trials 

In uncontrolled trials (level 4 of LOE), the effect size (d) was calculated as pre-post 

changes in the mean divided by the standard deviation of the pre-intervention with 

a bias adjustment. The d formula was (Morris & DeShon, 2002): 

 

d  = C %
&M-123 −M-./)

SD-./
- 

 

The M-./ and M-123 are the pre and post-test means for the groups, respectively. The 

SD-./ indicates the standard deviation in the pre-test measure. C is calculated using 

next formula:  

C  =  1  −  
3

4 (n − 1)	1
 

 

Effect sizes were interpreted according to Cohen’s criteria: small (0.2), medium (0.5), 

and large (0.8).  

 

3.2. Studies 2 and 3 

Statistical analyses were performed using IBM SPSS Statistics version 25 (Studies 2 

and 3) and R 4.2.2 (Study 3). The assumption conditions for each analysis were 

examined. Descriptive statistics were used to report participants' demographic and 

clinical characteristics.  
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3.2.1. Study 2 

Pearson, Spearman, and Kendall bivariate correlations were performed to analyse 

the relationship between QoL domains/total scores and other variables 

(demographic, clinical, neuropsychological, and psychosocial). Linear regression 

models (stepwise method) were used to identify the best explanatory models for the 

total score and domains of the questionnaire. Variables that correlated significantly 

after the Holm-Bonferroni correction were introduced into the linear regression 

model.  

 

3.2.2. Study 3 

To address the aims of Study 3, analyses of covariance (ANCOVAs) per-protocol were 

performed to compare the differences between the intervention and waitlist control 

groups. The pre-intervention score for each outcome was introduced as a covariate 

in the models. Furthermore, the effects of other variables (pain, ASD traits, 

psychological adjustment, family QoL, and parental stress), described in Table 10, 

were considered as potential covariates. Pearson, Spearman, and Kendall bivariate 

correlations were performed using the Bonferroni correction (p=0.01). After the 

Bonferroni correction, significant variables were introduced as covariates in the 

ANCOVAs model. Intention-to-treat analyses were performed to compare the results, 

including all participants, with the baseline measure of each outcome. 

 

 

 

 

 

 

Table 10. Covariates included in Study 3. 
Covariates Measure 
Physical pain Bodily Pain and Discomfort – CHQ (Landgraf, 2020)  
ASD traits ASSQ (Ehlers et al., 1999) 
Psychological adjustment Total Difficulties Score – SDQ (Goodman, 1997)  
Family QoL FQoL (Hoffman et al., 2006)  
Parental stress PSS (Berry & Jones, 1995) 
Abbreviations. ASSQ, Autism Spectrum Screening Questionnaire; CHQ, Child Health Questionnaire; 
FQoL, Beach Center Family Quality of Life Scale; PSS, Parental Stress Scale; SDQ, Strengths and 
Difficulties Questionnaire.  
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RESULTS 
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In this section, we present the three original studies compiling the present thesis.  
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STUDY 1 

 

Interventions with an Impact on Cognitive Functions in Cerebral Palsy: a 

Systematic Review 

 

Neuropsychology Review (2023) 

 

Blasco, M., García-Galant, M., Berenguer-González, A., Caldú, X., Arqué, M., Laporta-

Hoyos, O., Ballester-Plané, J., Miralbell, J., Jurado, M.A. & Pueyo, R.  
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Abstract  

This systematic review aimed at investigating those interventions that impact on 

cognitive functioning in children and adults with cerebral palsy (CP). A systematic 

database search was conducted and twenty-eight studies suitable for inclusion were 

identified, of which only nine were randomized controlled trials (RCTs). Among all 

the studies included, ten were multi-modal (cognitive and physical tasks), eleven 

physical, five cognitive, and two alternative and augmentative communication 

interventions. The evidence suggests that multi-modal and physical interventions 

improve general cognitive functioning. Multi-modal and cognitive interventions have 

an impact on visual perception. Both interventions, together with physical 

interventions have an effect on a specific executive function domain (inhibitory 

control), and only cognitive interventions improved other executive function 

domains such as working memory. However, no RCT assessed the effects of all 

executive function domains. Few studies have looked at interventions to improve 

memory and language, and there is a scarcity of long-term research. Future RCTs 

must be of higher quality and better account for age and sex differences, as well as 

the clinical heterogeneity of CP. To date, there is evidence that multi-modal, 

cognitive or physical interventions have an impact on general cognitive functioning, 

visual perception and executive functions in children with CP, which may support 

their cognitive development.  

The protocol was registered with the International Prospective Register of Systematic 

Reviews (PROSPERO): CRD42020152616.  
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1. Introduction 

Cerebral palsy (CP) is the most common cause of childhood physical disability, with 

an overall median prevalence estimated at 2.11 per 1000 live births (Oskoui et al., 

2013; SCPE, 2000). Attributed to non-progressive disturbances that occurred in the 

developing fetal or infant brain (Rosenbaum et al., 2007), CP is a life-long condition 

associated with permanent disorders of movement and/or posture development 

that causes activity limitations. The motor impairments in CP are often accompanied 

by disturbances of sensation, cognition, perception, communication, and behavior. 

To date, research into CP has focused on aspects related to motor function, such as 

its assessment and treatment, but there is a growing body of literature that 

recognizes the importance of associated cognitive impairments in daily life (Gosling, 

2017; Rosenbaum et al., 2007; Straub & Obrzut, 2009). 

Intellectual impairment can lower physical and mental health (Beckung et al., 2008; 

Parkes et al., 2008) and affect both quality of life and participation in the diverse life 

situations of children with CP (Arnaud et al., 2008; Dickinson et al., 2007; Fauconnier 

et al., 2009). There is a broad variability in intellectual impairment, with some people 

having normal intelligence quotient (IQ) and others having low IQ. Indeed, 30 – 50% 

of people with CP have low intelligence (IQ < 70) (Delacy et al., 2016; Fluss & Lidzba, 

2020; Novak et al., 2012; Stadskleiv, 2020), while 28% show severe intellectual 

impairment (IQ < 50) (Novak et al., 2012). Cognitive domains commonly affected in 

CP are visual perception, executive functions, memory and language (Bottcher, 2010; 

Fluss & Lidzba, 2020; Stadskleiv, 2020). 

Visual perception is the cognitive domain mostly affected in CP. It refers to the 

capacity to analyze and process visual information, including facial and object 

recognition, visual spatial discrimination, and appraisal of spatial relations. A 

systematic review (Ego et al., 2015) found that 40 – 50% of children with CP may 

experience impairments in visual perception. These appear very early in life and 

persist throughout adolescence (Paul et al., 2014), regardless of the type of CP, 

laterality of motor impairment, IQ, neuro-ophthalmological outcomes or presence of 

seizures (Ego et al., 2015; Murias et al., 2014; Paul et al., 2014; Stiers & Vandenbussche, 

2004). Impairments in this function are important to quality of life (Mitry et al., 2016). 

Difficulties in multiple domains of executive function, such as working memory, 

inhibitory control, and planning, have also been reported in CP (Bodimeade et al., 
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2013; Bottcher et al., 2009; Di Lieto et al., 2017; Freire & Osório, 2020; Gagliardi et al., 

2011; Pirila et al., 2011). It is known that more than half of the children with CP have 

deficits in their attention and executive functions (Di Lieto et al., 2017; Pirila et al., 

2011), with the executive impairments present in pre-school age children (Freire & 

Osório, 2020) and persisting in adolescence and adulthood (Pueyo et al., 2009). 

Executive functions have also been suggested to determine quality of life in CP 

(Laporta-Hoyos et al., 2017). 

Although learning and memory problems have been identified in children and 

adolescents with CP, few studies have focused on them, and when they have, results 

have been inconclusive (Ballester-Plané et al., 2018; Fluss & Lidzba, 2020; Østensjø et 

al., 2003; Pueyo et al., 2009; Toomela, 2012). The few available findings suggest that 

nearly half of the children show learning problems and that these impairments 

persist in adulthood (Østensjø et al., 2003; Toomela, 2012). Østensjø et al. (2003) 

reported that learning problems were strongly related to self-care, mobility, and 

social functioning. 

Studies of language indicate that 61% of children with CP present language 

impairments and that 15% use augmentative and alternative communication (AAC) 

(Mei et al., 2016; Virella et al., 2016). Language skills are important for acquiring skills 

in reading, spelling and writing, and they are related to participation and social 

functioning in children (Schenker et al., 2005; Voorman et al., 2010). 

Together, research suggests that children with CP present with cognitive 

impairments that adversely affect quality of life, participation in different situations, 

and social functioning. Furthermore, cognition not only plays a role in daily life but 

also seems to mediate the effectiveness of specific motor treatments for CP (Fazzi et 

al., 2005; Kim et al., 2006). In one review, it was found that attention was critical to 

the success of motor rehabilitation (Reid et al., 2015a). 

Moreover, CP is a long-life disorder for which life expectancy depends on the severity 

of associated impairments, with some people having a normal expectancy 

(Amankwah et al., 2020; Himmelmann & Sundh, 2015). The World Health 

Organization considers that cognitive training reduces the risk of cognitive decline 

and/or dementia (World Health Organization, 2019). Thus, it is necessary to identify 

efficient interventions to treat neuropsychological deficits in adults with CP, which 

may help to prevent cognitive decline. 
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Given the importance of cognitive impairment in CP, interest has grown to discover 

interventions to improve these functions (Mak et al., 2018; Piovesana et al., 2017). 

However, there has been no specific systematic review outlining the findings of 

cognitive interventions in children and adults with CP. Existing systematic reviews 

about interventions in CP have mainly centered on the effectiveness of physical 

training in motor abilities in children (Anttila et al., 2008; Dewar et al., 2015; Dodd et 

al., 2002; Morgan et al., 2016a; Myrhaug et al., 2015; Verschuren et al., 2008). Others, 

by contrast, have focused on specific therapies for motor abilities, including 

constraint-induced movement therapy (Dong et al., 2013; Hoare et al., 2007), 

hydrotherapy (Roostaei et al., 2017), hippotherapy (Whalen & Case-Smith, 2012), 

surgery (McGinley et al., 2012), and virtual reality (Ravi et al., 2017). Only one 

systematic review (Novak et al., 2013), which was recently updated (Novak et al., 

2020), has considered all interventions for children with CP. Novak et al. (2013, 2020) 

through a helicopter view method have allowed the possibility to have a general 

description of all existing interventions but have not provided specific details of 

different cognitive domains. Moreover, there have been no previous reviews of 

interventions to improve cognition in adults with CP. 

The aim of the present systematic review was to outline the evidence for 

interventions with an impact on cognitive functioning in children and adults with 

CP and to identify the potential gaps in the literature. This knowledge is key to 

understanding the current state of the field and to driving future research. 

2. Methods 

This systematic review was registered in PROSPERO: International Prospective 

Register of Systematic Reviews (CRD42020152616), and it was conducted according 

to the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 

guideline (Moher et al., 2015). Study selection, data extraction and quality 

assessment were conducted by two independent reviewers, with any disagreements 

solved by consensus or by an external reviewer when no agreement was reached. 

Agreement between reviewers was assessed with Cohen’s Kappa Coefficient (k) 

(Cohen, 1960).   

2.1. Search strategy 

A systematic electronic search was conducted using EBSCO host to search PubMed, 

PsycINFO, Central Register of Controlled Trials (CENTRAL), CINAHL, and ERIC 
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databases. The following search terms were used: “cerebral palsy” AND (intervention 

OR rehabilitation OR neurorehabilitation OR training OR therap* OR treatment OR 

stimulation OR program OR computerized) AND (cogniti* OR executive func* OR 

language OR memory OR visual percep* OR attention OR neuropsych*). Search terms 

were selected using Medical Subject Heading (MeSH) terms and contributing 

authors’ knowledge of the field. The electronic search was performed in October 

2019 and updated in December 2021, including papers published between January 

2010 and December 2021. 

2.2. Selection process 

All articles retrieved by the systematic search were initially screened for eligibility by 

title and abstract review. The eligibility criteria were as follows: (1) original articles 

published in English or Spanish; (2) participants were diagnosed with CP, or when 

the studies included participants with other conditions, those in which >75% of 

participants had CP or the results were presented separately for CP; and (3) therapies 

that include a cognitive assessment if they were non-invasive, non-pharmacological, 

and did not require highly specialized resources such as transcranial magnetic 

stimulation procedures.  

2.3. Data extraction 

Data were extracted regarding (1) author and year of publication; (2) sample 

(number of participants, age, type of CP, and motor ability); (3) study (type, group 

characteristics and number of measures); (4) intervention (type, frequency, and total 

dose); (5) cognitive outcomes; and (6) non-cognitive outcomes. 

2.4. Quality assessment 

A qualitative evaluation of the studies was performed according to the Oxford Centre 

for Evidence Based Medicine (CEBM) 2011 (OCEBM Levels of Evidence Working 

Group, 2011). Level of evidence was graded from 1 (high) to 5 (low): level 1, systematic 

review of randomized controlled trials (RCTs) or n-of-trials; level 2, RCTs or 

observational study with a dramatic effect; level 3, non-randomized controlled 

cohort/follow-up study; level 4, case series, case-control study or a historically 

controlled study; and level 5, mechanism-based reasoning. Risk of bias in RCTs was 

assessed with the Cochrane Collaboration’s risk of bias tool by considering sequence 

generation, allocation concealment, blinding (participants, personnel and outcome 
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assessors), incomplete outcome data, and selective outcome reporting (Higgins & 

Green, 2011). 

2.5. Effect size 

In order to compare results across different studies, individual effect sizes 

(standardized QoL difference) were calculated and transformed into a common 

metric in significant results (Morris & DeShon, 2002), when data allowed it. In 

controlled trials (levels 2 and 3 of LOE), effect size (dppc2) was calculated through the 

pre-post QoL change in the intervention group minus the pre-post QoL change in 

the control group divided by the pooled pre-intervention standard deviation with a 

bias (Morris, 2008). In uncontrolled trials (level 4 of LOE), effect size (d) was calculated 

based on the pre-post changes in QoL divided by the pre-intervention standard 

deviation with a bias adjustment (Morris, 2002). Cohen’s interpretative criteria was 

applied considering small (.2), medium (.5) and large (.8) effects (Cohen, 1992). 

 

3. Results 

The results of the search strategy are shown in Figure 1. The searches returned 2428 

articles: 973 from PubMed, 405 from PsycINFO, 551 from CENTRAL, 466 from 

CINAHL, and 33 from ERIC. Removing duplicates resulted in 1611 articles, and 

screening titles and abstracts resulted in 93 full-text articles for review. Finally, 30 

articles were considered eligible for inclusion and were analyzed in the qualitative 

analysis (87% written in or after 2015). When data from a study was reported in more 

than one publication, it was considered a single study (James et al., 2015b; Mak et 

al., 2018, 2020; Piovesana et al., 2017). The findings of the twenty-eight included 

studies are summarized in Tables 1 and 2. Table 1 includes studies with a higher 

quality and Table 2 includes studies with a lower quality. Overall, the agreement 

between reviewers was good, with a k between 0.74 and 0.79.  

3.1. Sample characteristics 

The characteristics of the 670 participants included in the twenty-eight reviewed 

studies are presented in Table 3. Age ranged from 15 weeks to 29 years. Among 

those studies that reported sex, 312 (49%) participants were female. Of the twenty-

eight studies, twenty-five included only children and the remaining three included 

young adults (Peny-Dahlstrand et al., 2018; Sajan et al., 2017; Teixeira-Machado et al., 

2017). Concerning studies where type of CP was reported, 98% of the participants 
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were diagnosed with spastic CP. The Gross Motor Function Classification System 

(GMFCS) level of participants was included in seventeen studies, amounting to 410 

participants. Most had mild motor impairment, with a GMFCS of I (n = 162) or II (n = 

136), indicating that they could walk independently or with assistive devices. 
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Figure 1. PRISMA Flow Diagram of Included Articles.  
Abbreviations. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analysis.  

 

3.2. Dose 

Both the duration and intensity of the interventions varied across the studies. 

Intervention duration in studies with more than one session ranged from 6 to 216 

hours. There were also large differences among studies in the number of weeks each 

intervention lasted, including less than 7 weeks (Christensen et al., 2017; Di Lieto et 

al., 2021; Heathcock et al., 2015; Lakes et al., 2019; Martiny & Aggerholm, 2016; 
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Ramkumar & Gupta, 2016; Sajan et al., 2017), 8–12 weeks (Alwhaibi et al., 2020; Aran 

et al., 2020; Cherriere et al., 2020; Cho et al., 2015; Desai et al., 2014; Hsieh et al., 2017; 

Lins et al., 2019; Mak et al., 2018; Muriel et al., 2014; Shin & Song, 2016; Soto & Clarke, 

2018; Teixeira-Machado et al., 2017; Yildirim et al., 2021), and more than 12 weeks 

(Ahn et al., 2021; Bilde et al., 2011; Morgan et al., 2016b; Pereira et al., 2019; Piovesana 

et al., 2017; Sørensen et al., 2016). One study performed training in a single 45 minute 

session (Abuin-Porras et al., 2019). Finally, one study did not report the number of 

weeks of intervention (Peny-Dahlstrand et al., 2018). 

3.3. Risk of bias 

The methodological quality (level of evidence) of the twenty-eight included studies 

was assessed, indicating level 2, 3, and 4 evidence in nine (32%), one (4%), and 

eighteen (64%) studies, respectively. A summary of the risk of bias in studies classified 

as level 2 (RCT) is shown in Figures 2 and 3. Studies were classified from low to high 

risk of bias (Figure 2). The study by Piovesana et al. (2017) was considered to have the 

lowest risk of bias (83% low risk of bias), followed by Aran et al. (2020), Mak et al. 

(2018), Morgan et al. (2016) and Sajan et al. (2017) (67% low risk of bias). Among the 

nine level 2 studies, the risk of bias due to lack of blinding of participants and 

personnel was high in four and unclear in the other four; three studies had a high 

risk of bias for blinding of outcomes, while this was unclear in five studies; high risk 

of attrition bias was detected in only one of the nine studies. A lack of information 

hindered analysis of every bias overall, resulting in complete analysis being possible 

for only one of the six biases (reporting bias). 

3.4. Characteristics of the interventions 

Intervention type was classified according to the author’s descriptions and varied 

considerably among studies: ten used multi-modal interventions (cognitive and 

physical tasks), eleven used physical interventions, five used cognitive interventions, 

and two used AAC. Characteristics of studies are presented in Tables 1 and 2.
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Table 1. Summary of Interventions with an Impact on Cognitive Functions in Cerebral Palsy of Studies with a Higher Quality. 

Reference LOE Participants Intervention Cognitive Outcomes 

Authors 
(year) 

n n = (IG/CG) 
Age range 
(IG: QoL ± SD/CG: mean 
± SD) 
Type CP (n)  
Motor ability  

Name (type of intervention) 
Description of intervention 
 
IG: time per day, times per week, number of 
weeks 
(total dose)  
 
CG: type of Control Group     

Test1: result1  ↑ (p, d / 𝜂!":	effect size reported by 
authors a, dppc2: effect size calculated) 
Test2: result2  ↓  
Test3: result3  = 
 

Piovesana et 
al. (2017); 
James et al. 
(2015b) 

2 n = 102, 1 abandoned 
(51/50) 
8-18 years  
(IG: 11.6 ± 2.3/CG: 11.9 ± 
2.5) 
Spastic unilateral (102) 
GMFCS I (45), II (56) 
MACS I (24), II (76),  

III (1)  

Mitii (multi-modal intervention) 
A multi-modal web-based program: upper 
limb, cognitive, visual perceptual and 
physical activity training 
 
IG: 20-30 minutes per day, six times per 
week, 20 weeks 
(60 hours) 
 
CG: standard care  
 
 

IG compared with CG 
WISC-IV:  
   Digit span backwards: = (p=.2)  
   Coding: = (p=.07) 
   Symbol search: = (p=.08) 
D-KEFS:  
   Inhibition, color-word interference subtest: = (p=.17) 
   TMT number letter sequencing: = (p=.35) 
   Tower test: = (p=.28) 
TVPS-3: 
   Overall: ↑↑ (p<001, dppc2=.49) 
   Visual discrimination: ↑↑ (p=.017, dppc2=.41)    
   Visual memory: = (p=.11) 
   Spatial relations: ↑↑ (p=.01, dppc2=.32)    
   Form constancy: = (p=.07) 
   Sequential memory: = (p=.07) 
   Figure ground discrimination: = (p=.07) 
   Visual closure: ↑↑ (p=.03, dppc2=.34) 
BRIEF-Parents1:  
   Behaviour regulation index: = (p=.24) 
   Metacognition index: = (p=.07) 
   Global executive: = (p=.34) 
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Table 1 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Aran et al. 
(2020) 

2 n = 90 (45/45) 
7-12 years 
(IG: 11.18 ± 3.37/CG: 
11.06 ± 3.24) 
Spastic unilateral (90) 
GMFCS I (59), II (31) 
MACS I (26), II (55), III 
(9)  

Virtual reality intervention  
(multi-modal intervention) 
An interactive computerized gaming that 
includes racing, boxing, air diving and 
penalty shootout games  
 
IG: 45 minutes per day, twice per week, 10 
weeks + traditional occupation therapy 
(15 hours)  
 
CG: traditional occupation therapy  
 
 

IG compared with CG 
DOTCA-Ch: 
   Orientation: ↑↑ (p=.04, dppc2 =.02) 
   Spatial perception: ↑↑ (p <.001, dppc2=.39) 
   Praxis: ↑↑ (p <.001, dppc2=.50) 
   Visuomotor construction: ↑↑ (p <.001, dppc2=.26) 
   Thinking operations: ↑↑ (p=.04, dppc2=.02) 
 
 

Ahn et al. 
(2021)  

2 n = 47, 1 abandoned 
(23/23) 
6-13 years  
(IG: 7.78 ± 1.68/CG: 7.30 
± 1.61) 
Type CP n.a.  
Motor ability n.a.  
 

Equine-assisted activities program  
(physical intervention) 
 
IG: group therapy, 40 minutes per day, twice 
per week, 16 weeks 
(21.3 hours) 
 
CG: standard care  
 
 

IG compared with CG 
CPT-II: 
   Inattention, hit RT commissions: = (p=.35) 
   Inattention, hit RT omissions: = (p=.65) 
   Inattention, hit RT standard error: = (p=.13)  
   Inattention, hit RT detectability RT for target vs non-
target: =  
   (p=.35) 
   Inattention, hit RT: = (p=.22) 
   Vigilance, perseverations: ↑↑ (p=.02, dppc2=.57) 
ARS parents1: 
  Inattention: = (p=.89) 
  Hyperactivity: = (p=.59)   
  Total: = (p=.71) 
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Table 1 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Alwhaibi et 
al. (2020) 
 
 

2 n = 45 (15/15/15) 
5-8 years  
(Group A: 6.7 ± 
0.8/Group B: 6.6 ± 
0.7/Group C: 6.4± 0.8) 
Spastic unilateral (45) 
Motor ability n.a.  
MACS I-II (45) 

Augmented biofeedback and physical 
training (multi-modal intervention) 
Group A, physical therapy intervention: 
exercises facilitating hand-eye coordination 
and fine motor skills 
Group B, augmented biofeedback training: 
E-Link Upper Limb Exerciser (computerized 
graded interactive system)  
Group C, physical therapy intervention and 
augmented biofeedback training  
 
IG: 60 minutes per day, three times per week, 
3 months (36 hours)  
 

Group C compared with Group A and B 
BEERY of VMI: 
Group C vs A 
   Visual motor integration: ↑↑ (p=.001, dppc2=5.3) 
   Visual perception: ↑↑ (p=.001, dppc2=6.00) 
 
Group C vs B 
   Visual motor integration: ↑↑ (p=.04, dppc2=2.6) 
   Visual perception: ↑↑ (p=.03, dppc2=1.6) 

Mak et al. 
(2018; 2020) 

2 n = 42 (21/21) 
6-16 years 
(IG: 9 ± 3.2/CG: 9.6 ± 2.1) 
Spastic: unilateral (16), 
bilateral diplegia (26) 
GMFCS I (22), II (12),  
III (8) 

MiYoga (multi-modal intervention) 
Mindfulness movement programme based 
on hatha yoga principles 
 
IG: group therapy, 90 minutes per day, once 
per week, 6 weeks; individual therapy, 2 
weeks at home 
 (12.5 hours) 
 
CG: standard care 
 
 

Pre vs post 
IG compared with CG 
WISC-IV: 
   Symbol search: = (p=.63) 
   Digit span: = (p=.66) 
CPT-II: 
   Inattention, hit RT commissions: = (p=.25) 
   Inattention, hit RT omissions: = (p=.22) 
   Inattention, hit RT standard error: ↑↑ (p=.04,	𝜂!"	a=.01,  
   dppc2=.02) 
   Inattention, hit RT detectability RT for target vs non- 
   target: = (p=.86) 
   Inattention, variability of RT: = (p=.19) 
   Vigilance, perseverations: ↑↑ (p=.04, 𝜂!"	a =.13,  
   dppc2=.97) 
   Vigilance, response style: = (p=.89) 
   Vigilance, RT interstimulus interval change: = (p=.52) 
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Table 1 (continued).    
Reference LOE Participants Intervention Cognitive Outcomes  
Mak et al. 
(2018; 2020) 
continued 
 

2 n = 42 (21/21) 
6-16 years 
(IG: 9 ± 3.2/CG: 9.6 ± 2.1) 
Spastic: unilateral (16), 
bilateral diplegia (26) 
GMFCS I (22), II (12),  
III (8) 

MiYoga (multi-modal intervention) 
Mindfulness movement programme based 
on hatha yoga principles 
 
IG: group therapy, 90 minutes per day, once 
per week, 6 weeks; individual therapy, 2 
weeks at home 
 (12.5 hours) 
 
CG: standard care 
 
 

   Sustained attention, Hit RT block change: = (p=.52) 
D-KEFS: 
   TMT: = (p=.79) 
   Colour-word interference: = (p=.62) 
BRIEF1: = (p=.93) 
 
Pre vs follow-up (6 months after intervention) 
WISC-IV: 
   Symbol search: = (p=.51)  
   Digit span: = (p=.51) 
CPT-II: 
   Inattention, hit RT commissions: = (p=.87) 
   Inattention, hit RT omissions: = (p=.19)  
   Inattention, hit RT standard error: = (p=.41) 
   Inattention, hit RT detectability RT for target vs non-
target: = 
   (p=.31)     
   Inattention, variability of RT: = (p=.52) 
   Vigilance, perseverations: = (p=.94) 
   Vigilance, response style: = (p=.80) 
   Vigilance, RT interstimulus interval change: = (p=.35) 
   Sustained attention, Hit RT block change: = (p=.40) 
D-KEFS: 
   TMT: = (p=.05) 
   Colour-word interference: ↑↑ (p=.004, dppc2=.19) 
BRIEF1: = (p=.6)  
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Table 1 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Morgan et al. 
(2016) 

2 n = 30 (15/15) 
(IG: 15.7 ± 4.8/CG: 20.1 ± 
5.1 weeks) 
Type CP n.a. 
Motor ability n.a. 
 
 
 
 
 
 
 

GAME (multi-modal intervention) 
Active motor learning, family centred care, 
parent coaching and environmental 
enrichment  
 
IG: 30-90 minutes per day, 18-30 
appointments (until 12 months corrected 
age) 
(216 ± 87.3 hours) 
 
CG: standard care 

IG compared with CG 
BSID-III (one year of life) 
   Cognition: ↑↑ (p=.03) 

Teixeira-
Machado et 
al. (2017) 

2 n = 26 (13/13) 
(IG: 17.1 ± 2.4/CG: 18 ± 
3.5) 
15-29 years 
Spastic (26) 
GMFCS II (9), III (8), IV 
(7), V (2) 
 

Dance intervention (physical intervention) 
Coordination-movements of upper and 
lower limbs, body image-interaction 
between subject and environment, skill and 
agility-sequential components of the 
movement and trunk and head movements 
for spatial orientation and equilibrium 
 
IG: 60 min per day, twice per week, 3 months 
(24 hours) 
 
CG: kinesiotherapy exercises (active control) 
 
 
 

IG compared with CG 
FIM 
   Cognitive function1: ↑↑ (p=.0001, dppc2=5.9) 
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Table 1 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Sajan et al. 
(2017) 

2 n = 20 (10/10) 
5-20 years 
(IG: 10.6 ± 3.8/CG: 12.4 ± 
4.9) 
Spastic bilateral: 
diplegia (12), triplegia 
(5), quadriplegia (3) 
GMFCS I (1), II (3), III 
(13), IV (3) 

Nintendo WiiTM (physical intervention) 
Interactive video gaming that includes tennis 
and boxing activities 
 
IG: 45 minutes per day, six times per week, 3 
weeks 
(13.5 hours) 
 
CG: standard care 
 

IG compared with CG 
TVPS-3: = (p=.94) 

Di Lieto et al. 
(2021) 

2 n = 19 (10/9) 
4-13 years 
(IG: 6.7 ± 1.7/CG: 8 ± 3) 
Spastic diplegia (19) 
GMFCS II (11),  
III (6), IV (2) 
MACS I (4), II (10), III (5) 

CogMed working memory training 
(cognitive intervention) 
A web-based computerized program with 
working memory exercises  
 
IG: 20-45 minutes per day, five times per 
week, 5 weeks   
(8.3 – 18.8 hours)  
 

IG compared with CG 
NEPSY-IIa: 
   Visual attention: = (p=.09) 
   Response set: = (p=.07) 
   Inhibition speed: ↑↑ (p=.001, d a=.3) 
   Phonological processing: ↑↑ (p=.003, d a=.1) 
   Imitating hand positions: = (p=.13) 
   Speed in visuo-motor precision: = (p=.20) 
   Accuracy in visuo-motor precision: = (p=.92) 
   Memory for designs immediate: =’ (p=.02, d a=.3) 
   Memory for designs delayed: = (p=.16)  
   Block construction: ↑↑ (p=.001, d a=.7) 
   Geometric puzzles: =’ (p=.007) 
   Route finding: = (p=.23) 
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Table 1 (continued).   

n.a., not available; ↑↑, statistical significance increase; ↓↓, statistical significance decrease; =, no differences; =’ no differences after Bonferroni’s correction 
applied by authors (p<.004); d, Cohen’s d; dppc2, effect size estimate using pooled pre-test SD; 	𝜂!", partial eta-squared.   

Abbreviations. ARS, Attention Deficit Hyperactivity Disorder Rating Scale; BRIEF, Behavior Rating Inventory of Executive Function; BSID-III, Bayley Scales 
of Infant and Toddler Development-Third Edition; BEERY of VMI, Beery-Buktenica of Visual-Motor Integration; CG, Control Group; CPRS-48, Conners’ 
Parent Rating Scale; CPT-II, Continuous Performance Test-Second Edition; D-KEFS, Delis-Kaplan Executive Function System; DOTCA-Ch, Dynamic 
Occupational Therapy Cognitive Assessment for Children; FIM, Functional Independence Measure; GMFCS, Gross Motor Function Classification System; 
IG, Intervention Group; KCPT, Conners’s Attention Test for Children; MACS, Manual Ability Classification System; Mitii, Move It To Improve It; NEPSY-II, 
Developmental NeuroPSYchological Assessment-Second Edition; RT, Reaction Time; TMT, Trail Making Test; TVPS-3, Test of Visual Perceptual Skills-Third 
Edition; WISC-IV, Wechsler Intelligence Scale for Children-Fourth Edition. 
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Table 2. Summary of Interventions with an Impact on Cognitive Functions in Cerebral Palsy of Studies with a Lower Quality.  

Reference LOE Participants Intervention Cognitive Outcomes 

Authors 
(year) 

n n = (IG/CG) 
Age range 
(IG: mean ± SD/CG: 
mean ± SD) 
Type CP (n)  
Motor ability  

Name (type of intervention) 
Description of intervention 
 
IG: time per day, times per week, number of weeks 
(total dose)  
 
CG: type of Control Group     

Test1: result1  ↑ (p, d: effect size calculated) 
Test2: result2  ↓  
Test3: result3  = 
 

Abuin-
Porras et al. 
(2019) 

3 n = 10 (5/5) 
6-16 years 
(12, SD n.a.) 
Spastic bilateral 
quadriplegia (10) 
GMFCS ≥ III (10)  

Bobath therapy (physical intervention) 
Reduction of the increased tone, training of trunk 
and head control in a sitting position, assisted 
weight-shifting from one hip to another while 
seating, assisted rotation of the trunk and 
voluntary reach with upper limbs 
 
IG: 45 min 
 
CG: stretching of the upper and lower limbs in a 
supine position (active control) 
 

IG compared with CG 
KCPT: 
   Stimulous-response interval: = 
   Omission error: =  

Cho et al. 
(2015) 

4 n = 56 
4-7 years  
(mean n.a., SD n.a.) 
Spastic: unilateral (20), 
bilateral diplegia (36) 
Motor ability n.a. 

Frosting developmental program in visual 
perception (cognitive intervention) 
Visual-motor coordination, figure-ground 
perception, perceptual constancy and position in 
space and spatial relationship 
 
IG: 30 min per day, three times per week, 8 weeks  
(12 hours) 
 
NCG 
 

Pre vs post 
VMI: ↑↑ (d=1.8) 
WeeFIM, social cognition1: ↑↑ (d=1.2) 
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Table 2 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Ramkumar 
& Gupta 
(2016) 

4 n = 30 
4-12 years 
(mean n.a., SD n.a.) 
Spastic unilateral (8) 
and bilateral: diplegia 
(14), quadriplegia (8) 
Motor ability n.a. 

Occupational therapy intervention 
(multi-modal intervention) 
Cognitive perceptual and motor perceptual 
training with puzzles, shadow puzzles and 
memory games  
 
IG: 60 minutes per day, 5 times per week, 6 weeks  
(22.5 hours) 
 
NCG 
 

Pre vs post 
MVPT:  
   Raw score: ↑↑ (p<.001, d=.79) 
   Perceptual age: ↑↑ (p<.001, d=1.0) 
 
(no differences between type of CP) 
 

Yildirim et 
al. (2021) 

4 n = 20 
Range age n.a. 
(12.5 ± 2.5 years) 
Spastic: unilateral (11), 
bilateral diplegia (9) 
Motor ability n.a.  

Leap motion based exergame therapy (physical 
intervention) 
A combination of 6 weeks of structured therapy-
based hand rehabilitation with 6 weeks of leap 
motion based exergame therapy  
 
IG: 40 minutes per day, twice per week, 12 weeks  
(16 hours) 
 
NCG 
 

Pre vs post 
During intervention  
(6 weeks) 
WCST:  
   Categories completed: = (p=.44) 
   Correct responses: = (p=.40) 
   Perseverative responses: = (p=.82) 
   Perseverative errors: = (p=.35) 
   Non perseverative errors: = (p=.49) 
   Total errors: = (p=.49) 
Post-intervention 
(12 weeks) 
WCST:  
   Categories completed: ↑↑ (p<.001, d=1.4) 
   Correct responses: = (p=.82)  
   Perseverative responses: = (p=.18) 
   Perseverative errors: ↑↑ (p=.012, d=.55) 
   Non perseverative errors: ↑↑ (p=.002, d=.79) 
   Total errors: ↑↑ (p=.005, d=1.2) 
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Table 2 (continued).  
Reference LOE Participants Intervention Cognitive Outcomes 
Pereira et 
al. (2019) 

4 n = 15 
8-12 years  
(10.53 ± 1.69) 
Spastic (10), dyskinetic 
(2), ataxic (3) 
Motor ability n.a. 
 
 
 

The Incredible Adventures of Anastácio, the 
Explorer (cognitive intervention) 
Narrative intervention program to promote 
children’s autonomy for activities of daily life, 
school trajectories and their life project  
 
IG: Individual and group therapy 
60 min per week, 18 weeks 
(18 hours) 
 
NCG 
 

Pre vs post 
D-KEFS, tower test: ↑↑  
 
 

Muriel et al. 
(2014) 

4 n = 15 
4-16 years 
(8.8 ± 2.51) 
Spastic unilateral (7) 
and bilateral: diplegia 
(5), quadriplegia (3) 
GMFCS I (6), II (4), III (2), 
V (3) 
 
 

Guttmann, NeuroPersonalTrainer®  
(cognitive intervention) 
A web-based computerized program with 
memory, attention and executive function 
exercises  
 
IG: 30 minutes per day, twice per week, 8 weeks 
(16 hours) 
 
NCG 

Pre vs post 
WISC-IV:  
   Verbal comprehension index: = (p=.62) 
   Perceptual reasoning index: ↑↑ (p=.03 d=.40) 
   Working memory index: = (p=.31) 
   Processing speed index: = (p=.11) 
   IQ total score: = (p=.21) 
CPT-II: = (p=.51) 
CTRS-28: = 
CPRS-48: = 
BRIEF1: = 
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Table 2 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Sørensen 
et al. (2014) 

4 n = 14 
2-4 years 
(3.3, SD n.a.) 
Spastic: unilateral (7), 
bilateral diplegia (7) 
GMFCS I-III (14) 
 

Program of intensified habilitation (multi-modal 
intervention) 
A multi-modal program focusing on strengthening 
motor, communication and executive functions  
 
IG: a year 
(-) 
 
NCG 
 

Pre vs post 
BRIEF-P Mothers1: 
   Inhibitory self-control: = (p=.66) 
   Flexibility: = (p=.30) 
   Emergent metacognition: = (p=.70) 
   Global executive composite: = (p=.93) 
BRIEF-P Fathers1: 
   Inhibitory self-control: = (p=.31) 
   Flexibility: = (p=.21) 
   Emergent metacognition: ↑↑ (p=.02) 
   Global executive composite: = (p=.16) 
BRIEF-P preschool teachers1:  
   Inhibitory self-control: = (p=.23) 
   Flexibility: ↑↑ (p=.04) 
   Emergent metacognition: = (p=.21) 
   Global executive composite: = (p=.17) 

     
     
Hsieh et al. 
(2017) 

4 n = 14 
3-8 years 
(7.03 ± 1.56)  
Spastic diplegia (4), 
spastic quadriplegia (6), 
dyskinetic (2), ataxic (2) 
GMFCS I (2), III (4), IV 
(4), V (4) 
 
 

Hippotherapy (physical intervention) 
IG: 30 min per week, 12 weeks 
(6 hours) 
Group A (GMFCS I-III) and Group B (IV-V) 
 
NCG 
 

Pre vs post 
Group A  
ICF-CY checklist1,2: 
   Global cognitive functions: = 
   Attention functions: = 
   Memory functions: = 
 
Group B  
ICF-CY checklist1,2: 
   Global cognitive functions: = 
   Attention functions: = 
   Memory functions: 
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Table 2 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Hsieh et al. 
(2017) 
continued 
 

4 n = 14 
3-8 years 
(7.03 ± 1.56)  
Spastic diplegia (4), 
spastic quadriplegia (6), 
dyskinetic (2), ataxic (2) 
GMFCS I (2), III (4), IV 
(4), V (4) 
 
 

Hippotherapy (physical intervention) 
IG: 30 min per week, 12 weeks 
(6 hours) 
Group A (GMFCS I-III) and Group B (IV-V) 
 
NCG 
 

Pre vs follow-up (12 weeks after intervention) 
Group A  
ICF-CY checklist1,2: 
   Global cognitive functions: = 
   Attention functions: = 
   Memory functions: = 
Group B  
ICF-CY checklist1,2: 
   Global cognitive functions: = 
   Attention functions: = 
   Memory functions: = 

Shin & 
Song (2016) 

4 n = 11 
Range age n.a. 
(127.9 ± 32.4 months) 
Paraplegia (11) 
GMFCS I (4), II (2), III (5) 
 

Kinesiotherapy (physical intervention) 
Warming up, neck and trunk stabilization, posture 
and warm-down exercises  
 
IG: 45 minutes per day, twice a week, 8 weeks 
(12 hours) 
  
 
NCG 

Pre vs post 
K-DTVP-2: ↑↑ (d=.82) 

     
Martiny & 
Aggerholm 
(2016) 

4 n = 11 
14-18 years 
(mean n.a., SD n.a.) 
Spastic (11) 
GMFCS I-II 
  

Winter sports camp (multi-modal intervention) 
Embodied Cognition based model of intervention 
with alpine skiing, snow rafting, dog sledding and 
indoor social activities 
 
IG: group therapy 
3-week pre-defined physical training and 5-day 
winter camp 
(-) 
NCG 

Pre vs post 
Qualitative interview, self control1,2: ↑ 
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Table 2 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Christensen 
et al. (2017) 

4 n = 11a  
11-13 years 
(11.6 ± 0.8) 
Spastic: unilateral (1), 
bilateral (10) 
GMFCS I (10), II (1) 
 
 
 
 

Climbing (physical intervention) 
A climbing gym with walls and routes up to 12 m 
of height 
 
IG: 2.5 hours per day, three times per week, 3 
weeks 
(22.5 hours) 
 
NCG 

Pre vs post   
Cogstate:  
   Visuo-motor skill test, CHASE: = (p=.14) 
   Visuo-spatial learning and memory test, 

PAL: = (p=.18) 
   Groton maze learning test, MAZE: =  
   Delay recall of the groton maze learning  
   test, MAZE-Delay: =  
   RT test, DETECT: = (p=1.0) 
   Two-choice reaction time, IDENT: = (p=1.0) 
   Working memory, 1-BACK: = (p=.99) 
 

Cherriere 
et al. (2020) 

4 n = 10 
10-17 years 
(14.1 ± 1.8) 
Spastic unilateral (3), 
spastic diplegia (4), 
dyskinetic (1), ataxic (1), 
unknown (1) 
GMFCS I (4), II (3), III (3) 
 

Dance intervention (physical intervention) 
A variance of dance styles with an emphasis on 
balance movements 
 
IG: 60 minutes per day, twice per week, 10 weeks  
(20 hours) 
 
NCG 
 

Pre vs post 
Tea-Ch: 
   Score !: = 
   Score DT: = 

Bilde et al. 
(2011) 

4 n = 9 
6-12 years 
(10.3, SD n.a.) 
Spastic  
GMFCS I (8), II (1)  
MACS I (4), II (5) 
 

Mitii (multi-modal intervention) 
A multi-modal web-based program: cognitive, 
perceptual and motor training 
 
IG: 30 minutes per day, every day, 20 weeks  
(73.6 ± 8 hours) 
 
NCG 
 

Pre vs post  
TVPS: 
   Visual figure ground: ↑↑ 
   Visuo-spatial relationship: = 
   Visual discrimination: =  
   Visual memory: = 
   Visual sequence memory: = 
   Visual closure: =  
   Visual constancy: = 
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Table 2 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Lakes et al. 
(2019) 

4 n = 8 
9-14 years 
(mean n.a., SD n.a.) 
Spastic unilateral and 
bilateral (8) 
Motor ability n.a. 
 

Ballet intervention (physical intervention) 
Warm-up, stretching, barre and centre floor 
exercises 
 
IG: 60 minutes per day, three times per week, 6 
weeks  
(≥16 hours) 
 
NCG 
 

Pre vs follow-up (4-5 weeks after intervention) 
The Hearts & Flowers Executive Function 
tasks:  
   Accuracy, congruent trial: = (p=.86) 
   RT, congruent trial: = (p=.95) 
   Accuracy, incongruent trial: ↑↑ (p=.03, d=.74) 
   RT, incongruent trial: ↑↑ (p<.001, d=.78) 
   Accuracy, mixed trial: = (p=.05) 
   RT, mixed trial: = (p=.64) 
 

Peny-
Dahlstrand 
et al. (2018) 

4 n = 5b 

19-28 years  
(23.8 ± 4.2) 
Spastic unilateral (2), 
spastic bilateral (2), 
dyskinetic (1) 
GMFCS I (1), II (3), III (1) 
MACS II (5) 
 

Cognitive Orientation to daily Occupational 
Performance (CO-OP) (cognitive intervention) 
Participant identifies three activity goals that he or 
she wants to achieve 
 
IG: 60 minutes per day, once or twice per week, 10 
sessions 
(10 hours) 
 
NCG 
 

Pre vs follow-up (6 months after intervention)  
D-KEFS, tower test: ↑ (p=.005) 
DEX1: = (p=.10)  
 

Lins et al. 
(2019) 

4 n = 5 
4-7 years  
(mean n.a., SD n.a.) 
Spastic: unilateral (4), 
bilateral diplegia (1) 
Motor ability n.a.  
 

Robot assisted therapy (multi-modal intervention) 
Robot game that includes motor coordination, 
memory and attention exercises 
 
IG: twelve weeks 
 
NCG 
 
 
 

Pre vs post 
Qualitative interview, attention (↑ 5/5): ↑ 
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Table 2 (continued).   
Reference LOE Participants Intervention Cognitive Outcomes 
Soto & 
Clarke 
(2018) 

4 n = 4 
14-18 years 
(15.5 ± 1.7) 
Spastic bilateral 
quadriplegia (3), ataxic 
(1) 
Motor ability n.a. 

AAC 
Conversation based therapy between the clinician 
and participant  
 
IG: 40-50 minutes per day, twice per week, 12 
weeks  
(16 – 20 hours)  
 
NCG 
 
 

Pre vs post c 
Verbs (↑ 2/4)1,2: = 
Pronouns (↑ 2/4)1,2: = 
Bound morphemes (↑ 2/4)1,2: = 
Spontaneous clauses (↑ 2/4)1,2: =  

Heathcock 
et al. (2015) 

4 n = 2 
19 and 21 months  
Spastic bilateral 
quadriplegia (2) 
GMFCS V (2) 
 

Physical therapy (physical intervention) 
Intensive physical therapy to enhance gross motor 
skills using toys or other motivators 
  
IG: 2 hours per day, 5 times per week, 4 weeks 
(40 hours)  
 
NCG 
 
 
 
 
 
 
 
 
 
 
 
 

Pre vs post c  
BSID-III: 
   Cognition (↑ 1/2): = 
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Table 2 (continued).   

Reference LOE Participants Intervention Cognitive Outcomes 
Desai et al. 
(2014)  

4 n = 1 
13 years 
Motor ability n.a. 
 

GoTalk Now (AAC) 
Communication application with vocabulary 
layouts and grids 
 
IG: twice per week, 8 weeks 
(5.3 hours) 
 
NCG 

Pre vs post 
Cognitive/Behavioural (SFA)1:  
   Safety: ↑ 
   Personal care awareness: = 
   Behaviour regulation: ↑ 
   Positive interaction: ↑ 
   Task behaviour/completion: ↑ 
   Compliance with adult directives and 
school   
   rules: ↑   
   Following social conventions: ↑ 
   Memory: ↑ 
   Understanding and functional  
   communication: ↑ 

Notes. a The sample included typically developing children, but only data for children with CP were included; b The sample included children with spina bifida, but 
only data for children with CP were included; c If individual results were reported, differences were considered if >50% of the total sample changed score; 1 Rating 
scale; 2 Non-validated measure. n.a., not available; ↑, increase in studies with no statistical analysis; ↑↑, statistical significance increase; ↓, decrease in studies with no 
statistical analysis; ↓↓, statistical significance decrease; =, no differences; d, Cohen’s d.  

Abbreviations. AAC, Augmentative and Alternative Communication; ARS, Attention Deficit Hyperactivity Disorder Rating Scale; BRIEF, Behavior Rating Inventory of 
Executive Function; BRIEF-P, Behavior Rating Inventory of Executive Function-Preschool Version; BSID-III, Bayley Scales of Infant and Toddler Development-Third 
Edition; CG, Control Group; CPRS-48, Conners’ Parent Rating Scale; CPT-II, Continuous Performance Test-Second Edition; CTRS-28, Conners’ Teacher Rating Scale; 
DEX, Dysexecutive Questionnaire; D-KEFS, Delis-Kaplan Executive Function System; GMFCS, Gross Motor Function Classification System; ICF-CY, International 
Classification of Functioning, Disability and Health for Children and Youth; IG, Intervention Group; KCPT, Conners’s Attention Test for Children; K-DTVP-2, Korean 
Developmental Test of Visual Perception-Second Edition; MACS, Manual Ability Classification System; Mitii, Move It To Improve It; MVPT, Motor-Free Visual Perception 
Test; NCG, No Control Group; PAL, Paired Association Learning; RT, Reaction Time; SFA, School Function Assessment; TEA-Ch; Test of Everyday Attention for Children; 
TVPS, Test of Visual Perceptual Skills; VMI, Visual-Motor Integration; WCST, Wisconsin Card Sorting Test; WeeFIM, Wee Functional Independent Measure; WISC-IV, 
Wechsler Intelligence Scale for Children-Fourth Edition.  
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Figure 2. Summary of Risk of Bias Within Studies. Analysis is based on the Cochrane Risk of Bias 
Tool. 

 

 

Table 3.  Demographic and Clinical Data. 

Gender, n (%) Female: 312 (46.6) 
Male: 328 (48.9) 
Unknown: 30 (4.5) 

Motor distribution, n (%)  Spastic CP (85.4): 
   Unilateral: 315 (47) 
   Bilateral: 193 (28.8) 
   Unilateral/Bilateral: 64 (9.6) 
Dyskinetic CP: 4 (0.6)  
Ataxic CP: 5 (0.7) 
Unknown: 89 (13.3) 

GMFCS (by level), n (%) I: 162 (24.2)  II: 136 (20.3)  III: 50 
(7.5)   
IV: 16 (2.4)  V: 11 (1.6) 
I-II: 11 (1.6)  I-III: 24 (3.6) 
Unknown: 260 (38.8) 

MACS (by level), n (%) I: 58 (8.7)  II: 151 (22.5)  III: 15 
(2.2)   
I-II: 45 (6.7) 
Unknown: 401 (59.9) 

Abbreviations. CP: Cerebral Palsy; GMFCS: Gross Motor Function 
Classification System; MACS: Manual Ability Classification System.  
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Figure 3. Risk of Bias Among Studies. Analysis is based on the Cochrane Risk of Bias Tool. 

 

Multi-Modal intervention 

 

Five of the ten multi-modal intervention studies were categorized as level 2 evidence 

(Alwhaibi et al., 2020; Aran et al., 2020; Mak et al., 2018; Morgan et al., 2016b; Piovesana et 

al., 2017) and five as level 4 evidence (Bilde et al., 2011; Lins et al., 2019; Martiny & 

Aggerholm, 2016; Ramkumar & Gupta, 2016; Sørensen et al., 2016). These types of 

interventions included cognitive as well as physical training, but the majority of studies 

did not specify the percentage of cognitive and physical tasks. 

The duration of multi-modal interventions was less than 8 weeks in three studies (Mak et 

al., 2018; Martiny & Aggerholm, 2016; Ramkumar & Gupta, 2016), 10–12 weeks in three 

(Alwhaibi et al., 2020; Aran et al., 2020; Lins et al., 2019), 20 weeks in two (Bilde et al., 2011; 

Piovesana et al., 2017), 3–6 months in one (Morgan et al., 2016b) and 1 year in one study 

(Sørensen et al., 2016). The total intervention dose ranged from 12 to 216 hours. 

Regarding studies with high quality, a study with low risk of bias used the Move It To 

Improve It (Mitii) program (Piovesana et al., 2017). Mitii is a web-based multi-modal 

intervention in which the child must analyze visual information, solve a cognitive problem, 

and respond with a motor act. Virtual reality (Aran et al., 2020) and an intervention 

consisting of augmented biofeedback plus physical training (Alwhaibi et al., 2020) were 

also used. MiYoga is a hatha yoga-based program that includes mindfulness exercises 

(Mak et al., 2018). Finally, Goals, Activity and Motor Enrichment (GAME) therapy was used, 
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combining goal-oriented intensive motor training, parent education, and strategies to 

enrich a child’s motor learning environment (Morgan et al., 2016b).  

In relation to studies with low quality, interventions included puzzles or memory games 

as cognitive-perceptual and perceptual-motor activities (Ramkumar & Gupta, 2016) and 

robot-assisted games with motor coordination, memory, and attention exercises (Lins et 

al., 2019). A winter sport camp for physical and social activities (Martiny & Aggerholm, 

2016) and a multi-modal intervention focusing on motor, communication and executive 

functions (Sørensen et al., 2016) were used. The effects of Mitii were also investigated in 

studies with low quality (Bilde et al., 2011). 

Multi-modal interventions comprise components intended to work cognitive and physical 

aspects, and half of the studies included computerized programs (Alwhaibi et al., 2020; 

Aran et al., 2020; Bilde et al., 2011; Lins et al., 2019; Piovesana et al., 2017). Although there 

was certain variability in types of interventions, it seems that physical activity and cognitive 

training together produced significant improvements in general cognitive functioning 

(Morgan et al., 2016b), visual perception (small to large effect size) (Alwhaibi et al., 2020; 

Aran et al., 2020; Piovesana et al., 2017) and specific executive function domains (small 

and large effect size) (Mak et al., 2018). Studies with low quality also reported associations 

with visual perception (Bilde et al., 2011; Ramkumar & Gupta, 2016) and executive 

functions (Lins et al., 2019; Martiny & Aggerholm, 2016; Sørensen et al., 2016). 

Only one study reported long-term effects (Mak et al., 2020). Mak et al. (2020) found 

improvements in a specific executive function domain (cognitive flexibility) 6 months after 

MiYoga program.   

 

Cognitive intervention 

 
Only one study of interventions focused specifically on cognition, and it was categorized 

as level 2 evidence (Di Lieto et al., 2021). Four studies were categorized as being of low 

quality (level 4 evidence) (Cho et al., 2015; Muriel et al., 2014; Peny-Dahlstrand et al., 2018; 

Pereira et al., 2019).  

Cognitive interventions lasted for 5 weeks (Di Lieto et al., 2021), 8 weeks (Cho et al., 2015; 

Muriel et al., 2014) or 18 weeks (Pereira et al., 2019) depending on the study. The number 

of total weeks of intervention was unknown in one study (Peny-Dahlstrand et al., 2018). 

Total doses were similar between studies, ranging from 8 to 19 hours. 

In relation to the study with high quality, Di Lieto et al. (2021) used CogMed working 
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memory training, a home-based videogame that includes working memory exercises. 

Regarding studies with low quality, one study used Cognitive Orientation to daily 

Occupational Performance intervention (CO-OP) (Peny-Dahlstrand et al., 2018), another 

combined memory, attention and executive function training (Muriel et al., 2014), and the 

remaining two used visual perception (Cho et al., 2015) and executive function (Pereira et 

al., 2019) training.  

Cognitive interventions produced significant changes in visual perception (medium effect 

size), working memory, and inhibitory control (small effect size) in one high quality study 

(Di Lieto et al., 2021). Studies with a lower quality also found associations with visual 

perception, social cognition (Cho et al., 2015), planning (Peny-Dahlstrand et al., 2018; 

Pereira et al., 2019), and reasoning (Muriel et al., 2014). No significant association in general 

executive function was reported (Muriel et al., 2014; Peny-Dahlstrand et al., 2018). The 

study by Peny-Dahlstrand et al. (2018) did not include immediate post-intervention 

assessment and only reported outcomes 6 months after the intervention; an association 

with planning skills was shown. 

Augmentative and alternative communication 

Two studies evaluated the effect of AAC on cognitive functions (Desai et al., 2014; Soto & 

Clarke, 2018). Both were single case studies categorized as level 4 evidence. Better 

performance in general cognitive functioning, memory and inhibitory control was 

associated with 8 weeks of ACC use (Desai et al., 2014), but no association was found in 

language after 12 weeks of AAC (Soto & Clarke, 2018). 

Physical intervention  

 
There were eleven studies about physical interventions. Three were categorized as level 

2 evidence (Ahn et al., 2021; Sajan et al., 2017; Teixeira-Machado et al., 2017), one as level 

3 evidence (Abuin-Porras et al., 2019) and six as level 4 (Cherriere et al., 2020; Christensen 

et al., 2017; Heathcock et al., 2015; Hsieh et al., 2017; Lakes et al., 2019; Shin & Song, 2016; 

Yildirim et al., 2021). 

Interventions ranged from one session (Abuin-Porras et al., 2019) to multiple sessions over 

3–4 weeks (Christensen et al., 2017; Heathcock et al., 2015; Sajan et al., 2017), 6–8 weeks 

(Lakes et al., 2019; Shin & Song, 2016) and 10–12 weeks (Cherriere et al., 2020; Hsieh et al., 

2017; Teixeira-Machado et al., 2017; Yildirim et al., 2021) or 16 weeks (Ahn et al., 2021). 

Total doses ranged from 45 minutes to 40 hours. The types of physical intervention were 

also variable. Studies of high quality included dance (Teixeira-Machado et al., 2017), video 

gaming (Sajan et al., 2017) and hippotherapy (Ahn et al., 2021). Studies with low quality 
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included dance (Cherriere et al., 2020; Lakes et al., 2019), hippotherapy (Hsieh et al., 2017), 

climbing (Christensen et al., 2017), kinesiotherapy (Shin & Song, 2016), high-intensity 

training (Heathcock et al., 2015), leap motion based exergame (Yildirim et al., 2021) and 

Bobath therapy (Abuin-Porras et al., 2019). 

Studies with high quality reported significant changes in general cognitive functioning 

(large effect size) (Teixeira-Machado et al., 2017) and inhibitory control (medium effect 

size) (Ahn et al., 2021) but not in visual perception (Sajan et al., 2017). The remaining 

studies, categorized as level 4 evidence, offered more varied results. Although some were 

associated with significant changes in visual perception (Shin & Song, 2016) and executive 

functions (Lakes et al., 2019; Yildirim et al., 2021), others reported no association with 

general cognitive functioning (Heathcock et al., 2015; Hsieh et al., 2017), visual perception 

(Christensen et al., 2017), memory (Hsieh et al., 2017) or executive functions (Cherriere et 

al., 2020; Christensen et al., 2017). 

Lakes et al. (2019) did not report cognitive outcomes after the intervention finished, 

including only a follow-up assessment 4 weeks after the intervention. No effects of the 

physical intervention were found in this study. Hsieh et al. (2017) also found no cognitive 

changes 12 weeks after the intervention.  

 

3.5. Characteristics of the interventions 

General cognitive functioning was evaluated in six studies. Specific cognitive domains 

were also analyzed among the included studies: eighteen assessed executive functions, 

ten assessed visual perception, four assessed memory, and one assessed language. Figures 

4 and 5 summarize the results for domain-specific efficacy.  

 

General cognitive functioning 

 

Estimates of general cognitive functioning were included in six studies. Three of them 

used direct measures of neuropsychological assessment, namely the Bayley Scales of 

Infant and Toddler Development, Third Edition (BSID-III) (Heathcock et al., 2015; 

Morgan et al., 2016b) and the Wechsler Intelligence Scale for Children, Fourth Edition 

(WISC-IV) (Muriel et al., 2014). The other three used rating scales or checklists to 

evaluate general cognitive functioning (Desai et al., 2014; Hsieh et al., 2017; Teixeira-

Machado et al., 2017). The two studies with high quality found significant 

improvements: Morgan et al. (2016) used the GAME program (a multi-modal 
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intervention until 12 months of age) and Teixeira-Machado (2017) used a dance 

intervention (over 3 months, with a total dose of 24 hours) (large effect size).  

 

Considering the studies with lower quality, one single case study found association with 

significant changes in general cognitive functioning after 8 weeks (16 sessions) of AAC 

(Desai et al., 2014). However, others failed to show that physical functioning (Heathcock 

et al., 2015; Hsieh et al., 2017) and cognitive interventions (Muriel et al., 2014) were 

significantly associated with general cognitive functioning. A follow-up analysis 12 

weeks after Hsieh et al. (2017) finished their intervention still found no significant 

differences. 

 
Visual perception 

 
Performance tasks were used to assess the efficacy of interventions on visual perception 

in seven studies (Alwhaibi et al., 2020; Aran et al., 2020; Cho et al., 2015; Christensen et al., 

2017; Di Lieto et al., 2017; Ramkumar & Gupta, 2016; Shin & Song, 2016). Three of them 

used the Test of Visual Perceptual Skills (TVPS) (Bilde et al., 2011; Piovesana et al., 2017; 

Sajan et al., 2017).  

Visual perception improved in all multi-modal and cognitive interventions that assessed 

this domain (small to large effect size) (Alwhaibi et al., 2020; Aran et al., 2020; Di Lieto et 

al., 2021; Piovesana et al., 2017). Studies with low quality also associated multi-modal and 

cognitive intervention with improvements in visual perception (Bilde et al., 2011; Cho et 

al., 2015; Ramkumar & Gupta, 2016). Total dose ranged from 8 to 60 hours over an 

intervention period of 5–20 weeks. Only one of the three physical interventions 

(Christensen et al., 2017; Sajan et al., 2017; Shin & Song, 2016), that by Shin & Song (2016), 

was associated with significant changes.   

 

      Executive functions  

 

Eighteen studies included executive functions. Performance task tests and rating scales 

were combined in the assessments of four (Mak et al., 2018; Muriel et al., 2014; Peny-

Dahlstrand et al., 2020; Piovesana et al., 2017), performance task tests alone were used in 

nine (Abuin-Porras et al., 2019; Ahn et al., 2021; Aran et al., 2020; Cherriere et al., 2020; 

Christensen et al., 2017; Di Lieto et al., 2017; Lakes et al., 2019; Pereira et al., 2019; Yildirim 

et al., 2021), and rating scales alone were used in five studies (Desai et al., 2014; Hsieh et 

al., 2017; Lins et al., 2019; Martiny & Aggerholm, 2016; Sørensen et al., 2016). The findings 
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of the eighteen studies are summarized in Figure 5. 

Five studies included a rating scale to assess global executive function performance (Mak 

et al., 2018; Muriel et al., 2014; Peny-Dahlstrand et al., 2018; Piovesana et al., 2017; Sørensen 

et al., 2016) but no significant changes were reported. The Behavior Rating Inventory of 

Executive Function (BRIEF) was used as a general measure of executive functions in four 

studies (Mak et al., 2018; Muriel et al., 2014; Piovesana et al., 2017; Sørensen et al., 2016), 

of which two had a high quality intervention (Mak et al., 2018; Piovesana et al., 2017). 

However, these studies with a low of bias found no significant changes after a multi-modal 

intervention (Mak et al., 2018; Piovesana et al., 2017). Studies of low quality also found no 

associations with multi-modal (Sørensen et al., 2016) and cognitive interventions (Muriel 

et al., 2014). 

Different subdomains of executive function were assessed across studies according to 

those proposed by Diamond (2013): core (working memory, cognitive flexibility and 

inhibitory control) and higher-order (reasoning, problem solving, and planning) executive 

functions. Working memory improved in one of the two studies with high quality (Di Lieto 

et al., 2021; Mak et al., 2018), in which significant changes were found after a computerized 

program that includes working memory games (Di Lieto et al., 2021). However, working 

memory did not improve after the MiYoga multi-modal program (Mak et al., 2018). 

Moreover, no association was found in studies with low quality, which included a cognitive 

intervention delivered via a computer program (NeuroPersonalTrainer) (Muriel et al., 2014) 

and a physical intervention based on climbing (Christensen et al., 2017). Lakes et al. (2019) 

did not report an immediate post-intervention assessment, but they found no 

improvements in working memory by 4–5 weeks after a dance training. 

Cognitive flexibility was assessed in three studies with high quality that trained through 

multi-modal and cognitive interventions: MiYoga (Mak et al., 2018), Mitii (Piovesana et al., 

2017) and CogMed working memory training (Di Lieto et al., 2021). None of the studies 

observed significant changes. Although Mak et al. (2018) did not find improvements in 

cognitive flexibility just after intervention, delayed effects were found 6 months later (Mak 

et al., 2020). Moreover, associations with cognitive flexibility were also found in studies with 

low quality (Sørensen et al., 2016; Yildirim et al., 2021). Better performance in the 

Wisconsin Card Sorting Test (WCST) was found after a physical intervention of 12 weeks 

that consisted of leap motion based exergame therapy (Yildirim et al., 2021). Sørensen et 

al. (2016) found that teachers reported improvements in the Cognitive Flexibility Subscale 

of the BRIEF-Preschool (BRIEF-P) after multi-modal training for 1 year (level 4 evidence); 

however, parents did not observe changes in the same scale.  
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Inhibitory control was assessed in thirteen studies (Abuin-Porras et al., 2019; Ahn et al., 

2021; Cherriere et al., 2020; Desai et al., 2014; Di Lieto et al., 2021; Hsieh et al., 2017; Lakes 

et al., 2019; Lins et al., 2019; Mak et al., 2018; Martiny & Aggerholm, 2016; Muriel et al., 2014; 

Piovesana et al., 2017; Sørensen et al., 2016). Three (Ahn et al., 2021; Di Lieto et al., 2021; 

Mak et al., 2018) of four studies graded as level 2 evidence (Ahn et al., 2021; Di Lieto et al., 

2021; Mak et al., 2018; Piovesana et al., 2017) found significant improvements in inhibitory 

control. Specifically, Mak et al. (2018) and Ahn et al. (2021) reported a significant 

enhancement in the same outcome (perseverations) of Conner’s Attention Test for 

Children (CPT) after MiYoga and hippotherapy interventions (medium to large effect size), 

respectively. Nevertheless, improvements in inhibitory control were not maintained in 

follow-up analysis 6 months after MiYoga intervention (Mak et al., 2020). Regarding 

cognitive interventions, significant improvements in Visual Attention and Inhibition Speed 

tests from Developmental NEuroPSYchological Assessment, Second Edition (NEPSY-II) 

were found after 5 weeks of CogMed working memory training (small effect size) (Di Lieto 

et al., 2021). However, a study with high quality and low risk of bias found no changes 

using the Mitii program (Piovesana et al., 2017). Changes in inhibitory control were also 

associated in studies with level 4 evidence (Desai et al., 2014; Lakes et al., 2019; Lins et al., 

2019; Martini & Aggerholm et al., 2016). Better performance in The Hearts & Flowers 

Executive Function tasks was associated with 20 weeks of a dance intervention (Lakes et 

al., 2019), while a single case study found an association with significant changes in the 

School Function Assessment (SFA), behavior regulation scale, after 8 weeks of an AAC 

intervention (Desai et al., 2014). Another study found changes in a rating score scale after 

2 months of robot-assisted therapy (Lins et al., 2019), and finally, one study reported an 

association with better self-control perception score after a winter sports camp for 1 week 

(Martiny & Aggerholm, 2016). However, the remaining studies with low quality did not find 

any association in this domain after using a multi-modal intervention (Sørensen et al., 

2016), the NeuroPersonalTrainer cognitive intervention (Muriel et al., 2014) and physical 

interventions by means of either dance therapy (Cherriere et al., 2020) or Bobath therapy 

(Abuin-Porras et al., 2019).  
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Figure 4. Summary of Interventions with an Impact on Cognitive Functioning in Cerebral Palsy. 
Notes. Gray line box = interventions that no improve cognitive function, black line box = interventions that 
improve cognitive function; line width = methodological quality (level 2 evidence = thick line, level 4 evidence 
= dashed line), gray coloured box = effect size (small effect size = light gray; medium effect size = mid gray; 
large effect size = dark gray), white box = effect size no available; circle = 10 participants.  
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Figure 5. Summary of Interventions with an Impact on Executive Function in Cerebral Palsy.  

Notes. Gray line box = interventions that no improve cognitive function, black line box = interventions that 
improve cognitive function; line width = methodological quality (level 2 evidence = thick line, level 3 evidence 
= thin line, level 4 evidence = dashed line); gray coloured box = effect size (small effect size = light gray; medium 
effect size = mid gray; large effect size = dark gray), white box = effect size no available; circle = 10 participants. 
Abbreviations. CO-OP, Cognitive Orientation to Daily Occupational Performance.  
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Reasoning was assessed in two studies (Aran et al., 2020; Muriel et al., 2014), and only one 

of them considered as high quality and low risk of bias (Aran et al., 2020). Improvements 

were found in thinking operations of Dynamic Occupational Therapy Cognitive 

Assessment for Children (DOTCA-Ch) after 10 weeks of multi-modal intervention through 

virtual reality (Aran et al., 2020). However, a study with low quality reported an association 

with better scores on perceptual reasoning index (WISC-IV) after a cognitive intervention 

with the NeuroPersonalTrainer for 8 weeks, and a total dose of 16 hours (Muriel et al., 

2014). Better performance in problem solving, as measured by the emergent 

metacognition subscale of the BRIEF-P (relating to working memory and plan and 

organize problem-solving), was also reported in one study level 4 evidence after a year of 

intensive habitation (Sørensen et al., 2016), but this only included fathers (not mothers or 

teachers). 

Planning was assessed in three studies (Peny-Dahlstrand et al., 2018; Pereira et al., 2019; 

Piovesana et al., 2017). A study with high quality and low risk of bias showed no benefit 

with a multi-modal intervention (Piovesana et al., 2017), but studies of lower quality were 

associated with significant changes in the tower test (Delis-Kaplan Executive Function 

System, D-KEFS) after a cognitive intervention lasting 10–18 hours (Peny-Dahlstrand et al., 

2018; Pereira et al., 2019). One study did not include cognitive outcomes just after 

intervention, relying instead on assessment at 6 months follow-up (Peny-Dahlstrand et al., 

2018). 

Memory 

Memory was assessed in four studies (Christensen et al., 2017; Desai et al., 2014; Di Lieto 

et al., 2021; Hsieh et al., 2017) but only one was graded as level 2 evidence (Di Lieto et al., 

2021). Di Lieto et al. (2021) found no changes in visual memory after a home-based 

working memory. Only a single case study about 8 weeks of an ACC intervention, 

categorized as level 4 evidence, was associated with a better performance on the SFA, 

memory scale (Desai et al., 2014). However, there were no changes in learning or memory 

after climbing (Christensen et al., 2017) or hippotherapy interventions (Hsieh et al., 2017). 

Only one study included a follow-up assessment, and this identified no delayed effects 

after 12 weeks (Hsieh et al., 2017).   
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Language 

 

Only one study assessed language skills (Soto & Clarke, 2018). This study included only 

two participants and their results were reported individually. One participant showed 

improved performance after a 12-week AAC intervention, whereas the second 

participant did not improve in any of the language subdomains that were assessed.  

 
5. Discussion 

This systematic review aimed to provide a greater understanding and a detailed 

description of specific benefits of interventions in cognitive functions for people with CP. 

In the present article we reviewed the findings of nine RCTs and nineteen non-

randomized studies. Results of best available evidence revealed that general cognitive 

functioning, visual perception, working memory and inhibitory control improve after an 

intervention (Ahn et al., 2021; Alwhaibi et al., 2020; Aran et al., 2020; Di Lieto et al., 2021; 

Morgan et al., 2016b; Piovesana et al., 2017; Teixeira-Machado et al., 2017). Specifically, 

general cognitive functioning was improved by multi-modal (cognitive and physical tasks) 

and physical interventions (Morgan et al., 2016b; Teixeira-Machado et al., 2017). Even 

though no studies with high quality have investigated the effect of cognitive interventions 

on general cognitive functioning, one study with low quality reported post-intervention 

changes after a computerized program (Muriel et al., 2014). Another important finding of 

this review is that studies with high quality support the effectiveness of computerized 

multi-modal and cognitive interventions for improving visual perception (Alwhaibi et al., 

2020; Aran et al., 2020; Di Lieto et al., 2021; Piovesana et al., 2017). However, a 

computerized physical intervention did not find changes in this cognitive function (Sajan 

et al., 2017). Taking together, this could indicate that the cognitive component of multi-

modal and cognitive interventions, through a computerized program, could be a resource 

to produce changes in visual perception.   

Concerning executive functions, beneficial effects on inhibitory control were found after 

multi-modal, cognitive and physical interventions (Ahn et al., 2021; Di Lieto et al., 2021; 

Mak et al., 2018). Although it seems that any type of intervention may improve this specific 

core executive function domain, only cognitive intervention also produced improvements 

in other core executive function domains such as working memory (Di Lieto et al., 2021). 

Higher-order executive functions (planning, reasoning and problem solving) play an 

important role in daily life, but no beneficial effects were reported on planning and 

problem solving after a multi-modal intervention (Aran et al., 2020; Piovesana et al., 2017). 
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Associations between cognitive intervention and planning (Peny-Dahlstrand et al., 2018; 

Pereira et al., 2019) and reasoning (Muriel et al., 2014) were found in studies with low 

quality and future RCT cognitive intervention should include higher-order executive 

function assessment.  

The results of this systematic review reveal that the effect of interventions on specific 

cognitive functions, such as language and memory, has been insufficiently studied. 

Memory was explored only in a study of high quality (Di Lieto et al., 2021). Di Lieto et al. 

(2021) found no changes in visual memory, but the lack of studies with high quality about 

other types of interventions and including verbal memory prevents from drawing clear 

conclusions. Similarly, language was explored in only one single case study (Soto & Clarke, 

2018), and further research is needed to identify an efficient intervention for this cognitive 

function.  

This review reports long-term outcomes findings just in four studies (Hsieh et al., 2017; 

Lakes et al., 2019; Mak et al., 2020; Peny-Dahlstrand et al., 2018). Only one of them with 

high quality (Mak et al., 2020). Specifically, this study (Mat et al., 2020) reported a delayed 

effect in cognitive flexibility improvements 6 months after a multi-modal intervention, 

albeit without a control group for comparison. Long-term-effects on cognitive and 

physical interventions were analyzed in studies with low quality and results were 

inconclusive (Hsieh et al., 2017; Lakes et al., 2019; Peny-Dahlstrand et al., 2018). For this 

reason, long-term effects of interventions should be included in studies to know if 

improvements persist or even if delayed effects appear. 

Some methodological issues should be noted due to the wide variety in experimental 

designs, sample sizes, assessment, frequencies, doses, types, and duration of interventions. 

Regarding experimental design, only nine studies were RCTs, considered of high quality 

and reaching level 2 evidence. The remaining nineteen studies were of low 

methodological quality, including 64% graded as level 4 evidence. Moreover, most had 

small sample sizes, with twenty-five studies including fewer than 50 participants and three 

including fewer than 5 participants, risking a lack of power to reach significance. Another 

aspect of methodological quality refers to outcome assessment because some studies 

used performance-based tests and others used behavioral rating scales, making it difficult 

to compare results among studies. Moreover, reliability properties were only reported in 

seven studies (Christensen et al., 2017; Di Lieto et al., 2021; Mak et al., 2018; Peny-

Dahlstrand et al., 2018; Pereira et al., 2019; Piovesana et al., 2017; Sørensen et al., 2016) 

and practice effects of assessment should be considered. This underlies the need to unify 

the tools used for cognitive assessment in CP. Regarding the type of interventions, 
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although multi-modal interventions combining physical and cognitive tasks seem to 

generate changes in cognition, results should be taken with caution due to the high 

diversity of interventions. Heterogeneous methodologies hinder the possibility of 

determining the optimal frequency and duration of interventions required to improve 

cognition with different interventions.  

Regarding participants’ characteristics, 75% of the included participants showed mild 

motor severity (GMFCS I-II) and 98% had spastic CP in those studies where this data was 

available. Previous papers indicate that cognitive performance is associated with motor 

ability and the type of CP (Ballester-Plané et al., 2018; Gabis et al., 2015; Laporta-Hoyos et 

al., 2019; Pirila et al., 2007). Future research should therefore include participants across 

the whole spectrum of motor ability to explore potential differences in effectiveness. 

Studies focused on children and only three studies included young adults. Despite the 

importance of cognition in middle-aged and elderly adults with CP, there have been no 

reports of specific interventions in this age group. Additionally, the prevalence of females 

(49%) and males (51%) reported in the selected studies of cognitive interventions was 

comparable, but this is not representative of CP population. Previous epidemiological 

studies have reported a 16 – 34% higher incidence of CP in males, probably due to genetic 

factors, hormone differences and biological vulnerability (Chounti et al., 2013; Gough et 

al., 2008; Romeo et al., 2016). The effects of sex differences on cognitive intervention have 

not yet been tested, but its influence on the effectiveness of motor interventions is known 

(Gough et al., 2008; Romeo et al., 2016).  

Another issue is the understanding of the neuroplastic mechanisms underlying behavioral 

change after cognitive interventions. Neuroplasticity is key to understanding clinical 

improvement in CP, with the potential for neuroimaging to clarify how and for whom 

rehabilitation is effective (Reid et al., 2015). After cognitive intervention, changes in 

connectivity have been described both in general (Astle et al., 2015; Chen et al., 2016) and 

in neurological populations (Galetto & Sacco, 2017). Thus, it is important to measure brain 

changes when exploring the effect of interventions on cognition in CP. 

Findings of this systematic review should be interpreted considering some limitations. 

First, an electronic search was conducted in specific databases and period of publication. 

This could be excluding some studies of interest that were published before or in other 

databases. Second, ACC techniques are commonly used to facilitate communication in 

CP. Studies about these techniques as interventions focused mainly on the motor aspects 

of language and the effects on cognitive functioning were not determined in several 

studies. Finally, the heterogeneous methodologies and the lack of RCTs precluded meta-
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analysis and permitted only a systematic review. Despite this, important information about 

those interventions considered to improve cognition in people with CP has been 

summarized.  

6. Conclusions 

In general, the methodological qualities and evidence levels of studies to improve 

cognitive functions in CP were low. The results of this systematic review suggest that there 

is evidence supporting the use of multi-modal and physical interventions to improve 

general cognitive functioning. Multi-modal and cognitive interventions have beneficial 

effects on visual perception. Both interventions, together with physical intervention, 

improve inhibitory control but only cognitive interventions improved other executive 

function domains such as working memory. No RCT assessed the effects of all executive 

function domains. It remains unknown which interventions affect memory and language. 

Future research should focus on performing high quality RCTs that consider aspects such 

as age, sex differences, and clinical heterogeneity. 

7. References 

(see thesis references) 



 
 

123 

Supplementary Material 1. Summary of Non-cognitive Function Outcomes in Interventions with an Impact on Cognitive Functions in Cerebral Palsy 

Reference LOE Participants Intervention Other Outcomes 

Authors 
(year) 

n n = (IG/CG) 
Age range 
(IG: mean ± SD/CG: mean 
± SD) 
Type CP (n)  
Motor ability  

Name (type of intervention) 
Description of intervention 
 
IG: time per day, times per week, 
number of weeks 
(total dose)  
 
CG: type of Control Group    

Test1: result1  ↑ 

Test2: result2  ↓  
Test3: result3  = 
 

 
Piovesana 
et al. 
(2017); 
James et al. 
(2015b) 

 
2 

 
n = 102, 1 abandoned (51/50) 
8-18 years  
(11.6 ± 2.3/11.9 ± 2.5) 
Spastic unilateral (102) 
GMFCS I (45), II (56) 
MACS I (24), II (76), III (1) 

 

 
Mitii (multi-modal intervention) 
A multi-modal web-based program: 
upper limb, cognitive, visual 
perceptual and physical activity 
training 
 
IG: 20-30 minutes per day, six times 
per week, 20 weeks 
(60 hours) 
 
CG: standard care  

 
IG compared with CG 
AMPS 
   Motor skills: ↑↑ 
   Process skills: ↑↑ 
AHA: = 
MUUL: = 
COPM: 
   Performance: ↑↑ 
   Satisfaction: ↑↑ 
JTTHF: 
   Dominant upper limb: ↑↑ 
   Impaired upper limb: ↑↑ 
  

Ahn et al. 
(2021)  
 

2 n = 47, 1 abandoned 
(23/23) 
6-13 years  
(IG: 7.78 ± 1.68/CG: 7.30 ± 
1.61) 
Type CP n.a.  
Motor ability n.a.  
  

Equine-assisted activities program 
(physical intervention) 
 
IG: group therapy, 40 minutes per 
day, twice per week, 16 weeks 
(21.3 hours) 
 
CG: standard care 
 

IG compared with CG 
PdsQL: 
   Physical: = 
   Emotional: = 
   Social: = 
   Academics: = 
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Reference LOE Participants Intervention Other Outcomes 
Alwhaibi et 
al. (2020) 
 
 

2 n = 45 (15/15/15) 
5-8 years  
(6.7 ± 0.8/6.6 ± 0.7/6.4± 0.8) 
Spastic unilateral (45) 
1 and 1+ Modified 
Ashworth Scale 
MACS I-II (45) 
 

Augmented biofeedback and 
physical Training (multi-modal 
intervention) 
Group A, physical therapy 
intervention: exercises facilitating 
hand-eye coordination and fine 
motor skills 
Group B, augmented biofeedback 
training: E-Link Upper Limb Exerciser 
(computerized graded interactive 
system)  
Group C, physical therapy 
intervention and augmented 
biofeedback training  
 
IG: 60 minutes per day, three times 
per week, 3 months 
(36 hours)  
 
 
 
 
 
 
 
 
 
 
 
 
 

Group C compared with Group A and B 
Motor coordination: ↑↑  



 
 

125 
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Reference LOE Participants Intervention Other Outcomes Reference 
Mak et al. 
(2018, 
2020) 

2 n = 42 (21/21) 
6-16 years 
(9 ± 3.2/9.6 ± 2.1) 
Spastic unilateral (16), 
bilateral diplegia (26) 
GMFCS I (22), II (12),  
III (8) 

MiYoga (multi-modal intervention) 
Mindfulness movement programme 
based on hatha yoga principles 
 
IG: group therapy, 90 minutes per 
day, once per week, 6 weeks; 
individual therapy, 2 weeks at home     
(6 ± 1.86 hours) 
 
CG: standard care 
 
 
 
 
 
 
 
 
 

IG compared with CG 
Child and adolescent 
mindfulness measure: = 
Strengths and difficulties 
questionnaire: = 
CP QoL-Child / Adolescent: = 
Wong-Baker faces pain 
rating scale: = 
Physical outcome measures: 
= 
  Lateral set-up: = 
  Sit-to-stand: = 
  Half-kneel to stand: = 
  6-minute walk test (m): = 
  Sit and reach test: = 
  Mobility questionnaire 28: = 
 
 
 
 
 
 
 
 
 
 
 
 

Pre vs follow-up (6 months after 
intervention) 
Child and adolescent mindfulness 
measure: = 
Strengths and difficulties 
questionnaire: = 
CP QoL-Child / Adolescent: = 
Wong-Baker faces pain rating scale: 
= 
Physical outcome measures: = 
  Lateral set-up: ↑↑ 
  Sit-to-stand: ↑↑ 
  Half-kneel to stand: = 
  6-minute walk test (m): ↑↑ 
  Sit and reach test: = 
  Mobility questionnaire 28: = 
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Supplementary Material 1 (continued).    
Reference LOE Participants Intervention Other Outcomes Reference 
Morgan et 
al. (2016) 

2 n = 30 (15/15) 
(15.7 ± 4.8/20.1 ± 5.1 
weeks) 
 
Not applicable  
  

GAME (multi-modal intervention) 
Active motor learning, family centred 
care, parent coaching and 
environmental enrichment  
 
IG: 30-90 minutes per day, 18-30 
appointments (until 12 months 
corrected age) 
(-) 
 
CG: standard care 
 

IG compared with CG 
During intervention (16 
weeks) 
PDMS-2: 
   Raw score: ↑↑ 
   Total motor quotient: = 
COPM: 
   Performance:  ↑↑ 
   Satisfaction: = 
DASS-21: 
   Total score: = 
   Depression: = 
   Stress: = 
   Anxiety: = 
 

Post-intervention (one year of life) 
PDMS-2: 
  Raw score: ↑↑ 
  Total motor quotient: ↑↑ 
COPM: 
   Performance: = 
   Satisfaction: ↑↑ 
DASS-21: 
   Total score: = 
   Depression: = 
   Stress: = 
   Anxiety: = 
GMFM-66: ↑↑ 
DASS-21: =   

Teixeira-
Machado 
et al. (2017) 

2 n = 26 (13/13) 
(17.1 ± 2.4/18 ± 3.5) 
15-29 years 
Spastic (26) 
GMFCS II (9), III (8), IV (7), V 
(2) 

Dance intervention  
(physical intervention) 
Coordination-movements of upper 
and lower limbs, body image-
interaction between subject, and 
environment, skill and agility-
sequential components of the 
movement and trunk and head 
movements for spatial orientation 
and equilibrium 
 
IG: 60 min per day, twice per week, 3 
months 
(24 hours) 
CG: kinesiotherapy exercises (active 
control) 

 IG compared with CG 
FIM: 
   Independence function: ↑↑ 
   Mobility: ↑↑ 
   Communication: ↑↑ 
   Total score: ↑↑ 
WHODAS 2.0: 
   Body function: ↑↑ 
   Activity: ↑↑ 
   Participation: ↑↑ 
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Supplementary Material 1 (continued).   
Reference LOE Participants Intervention Other Outcomes 
Sajan et al. 
(2017) 

2 n = 20 (10/10) 
5-20 years 
(10.6 ± 3.8/12.4 ± 4.9) 
Spastic bilateral: diplegia 
(12), triplegia (5), 
quadriplegia (3) 
GMFCS I (1), II (3), III (13), 
IV (3) 
 

Nintendo WiiTM (physical intervention) 
Interactive video gaming that 
includes tennis and boxing activities 
 
IG: 45 minutes per day, six times per 
week, 3 weeks 
(13.5 hours) 
 
CG: standard care 

IG compared with CG 
Sway velocity-eyes open: = 
Sway velocity-eyes closed: = 
Box and block test: = 
PBS: = 
QUEST: 
   Grasp domain: = 
   Dissociated movements domain: =  
Walking speed: = 
Walking endurance: =  

     
Cho et al. 
(2015) 

4 n = 56 
4-7 years  
(mean n.a.) 
Spastic unilateral (20), 
bilateral diplegia (36) 
Motor ability n.a. 

Frosting developmental program in 
visual perception  
(cognitive intervention) 
Visual-motor coordination, figure-
ground perception, perceptual 
constancy, and position in space and 
spatial relationship 
 
IG: 30 min per day, three times per 
week, 8 weeks  
(12 hours) 
 
NCG 
 
 
 
 
 
 
 

Pre vs post 
WeeFIM: 
   Raw Score: ↑↑ 
   Self-care: ↑↑ 
   Sphincter control: = 
   Mobility: ↑↑ 
   Locomotion: = 
   Communication: =  
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Reference LOE Participants Intervention Other Outcomes 
Pereira et 
al. (2019) 

4 n = 15 
8-12 years  
(10.53 ± 1.69) 
Spastic (10), dyskinetic (2), 
ataxic (3) 
Motor ability n.a. 

The Incredible Adventures of 
Anastácio, the Explorer 
(cognitive intervention) 
Narrative intervention program to 
promote children’s autonomy for 
activities of daily life, school 
trajectories, and their life project  
 
IG: Individual and group therapy 
60 min per week, 18 weeks 
(18 hours) 
N 

Pre vs post 
SE questionnaire:  
   Behavioural engagement: ↑↑ 
   Emotional engagement: ↑↑ 

Hsieh et al. 
(2017) 

4 n = 14 
3-8 years 
(7.03 ± 1.56)  
Spastic diplegia (4), 
spastic quadriplegia (6), 
dyskinetic (2), ataxic (2) 
GMFCS I (2), III (4), IV (4), V 
(4) 
 
 

Hippotherapy (physical intervention) 
IG: 30 min per week, 12 weeks 
(6 hours) 
Group A (GMFCS I-III) and Group B 
(IV-V) 
 
NCG 
 

Pre vs post 
Group A 
ICF-CY: 
   Sensory functions and pain: ↑↑ 
   Voice and speech: = 
   Functions of the cardiovascular, 
   haematological, immunological, and respiratory     
   systems: ↑↑ 
   Functions of the digestive, metabolic, and  
   endocrine systems: = 
   Genitourinary and reproductive functions: = 
   Neuromusculoskeletal and movement related    
   functions: ↑↑ 
   Functions of the skin and related structures: = 
   Learning and applying knowledge: ↑↑ 
   General tasks and demands: = 
   Communication: ↑↑ 
   Mobility: ↑↑ 
   Self-care: ↑↑ 
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Supplementary Material 1 (continued).   
Reference LOE Participants Intervention Other Outcomes 
Hsieh et al. 
(2017) 
continued 

4 n = 14 
3-8 years 
(7.03 ± 1.56)  
Spastic diplegia (4), 
spastic quadriplegia (6), 
dyskinetic (2), ataxic (2) 
GMFCS I (2), III (4), IV (4), V 
(4) 
 
 

Hippotherapy (physical intervention) 
IG: 30 min per week, 12 weeks 
(6 hours) 
Group A (GMFCS I-III) and Group B  
(IV-V) 
 
NCG 
 

   Domestic life: = 
   Interpersonal interactions and relationships: = 
   Major life areas: ↑↑ 
   Community, social, and civic life: = 
 
Group B 
ICF-CY: 
   Sensory functions and pain: = 
   Voice and speech: = 
   Functions of the cardiovascular, 
   haematological, immunological, and respiratory     
   systems: = 
   Functions of the digestive, metabolic, and  
   endocrine systems: = 
   Genitourinary and reproductive functions: = 
   Neuromusculoskeletal and movement related    
   functions: ↑↑ 
   Functions of the skin and related structures: = 
   Learning and applying knowledge:  
   General tasks and demands: = 
   Communication: = 
   Mobility: ↑↑ 
   Self-care: = 
   Domestic life: = 
   Interpersonal interactions and relationships: = 
   Major life areas: ↑↑ 
   Community, social, and civic life: = 
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Reference   Other Outcomes  
Hsieh et al. 
(2017) 
continued 

  Pre vs follow-up (12 weeks after 
intervention) 
Group A 
ICF-CY: 
   Sensory functions and pain: = 
   Voice and speech: = 
   Functions of the cardiovascular, 
   haematological, immunological, 
and  
   respiratory systems: = 
   Functions of the digestive, 
metabolic,  
   and endocrine systems: =  
   Genitourinary and reproductive  
   functions:= 
   Neuromusculoskeletal and  
   movement related functions: = 
   Functions of the skin and related  
   structures: = 
   Learning and applying knowledge: = 
   General tasks and demands: = 
   Communication: = 
   Mobility: = 
   Self-care: = 
   Domestic life: =  
   Interpersonal interactions and  
   relationships: =       
   Major life areas: ↑↑ 
   Community, social and civic life: = 

 
 
Group B 
ICF-CY: 
   Sensory functions and pain: = 
   Voice and speech: = 
   Functions of the cardiovascular, 
   haematological, immunological, and respiratory     
   systems: = 
   Functions of the digestive, metabolic, and  
   endocrine systems: = 
   Genitourinary and reproductive functions: = 
   Neuromusculoskeletal and movement related    
   functions: = 
   Functions of the skin and related structures: = 
   Learning and applying knowledge: = 
   General tasks and demands: = 
   Communication: ↓↓ 
   Mobility: ↓↓ 
   Self-care: ↓↓ 
   Domestic life: =  
   Interpersonal interactions and relationships: = 
   Major life areas: = 
   Community, social, and civic life: = 
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Supplementary Material 1 (continued).   
Reference LOE Participants Intervention Other Outcomes 
Shin & 
Song (2016) 

4 n = 11 
Range age n.a. 
(127.9 ± 32.4 months) 
Paraplegia CP (11) 
GMFCS I (4), II (2), III (5) 

Kinesiotherapy (physical intervention) 
Warming up, neck, and trunk 
stabilization, posture and warm-down 
exercises  
 
IG: 45 minutes per day, twice a week, 
8 weeks 
(12 hours) 
  
 
NCG 
 

Pre vs post 
JTTHF: 
   Writing:  
   Stimulated page turning: ↑↑ 
   Lifting small object: ↑↑ 
   Stimulated feeding: = 
   Stacking: = 
   Lifting large, lightweight object: ↑↑ 
   Lifting large, heavy object: ↑↑ 
 

Christensen 
et al. (2017) 

4 n = 11a  
11-13 years 
(11.6 ± 0.8) 
Spastic unilateral (1), 
bilateral (10) 
GMFCS I (10), II (1) 
 

Climbing (physical intervention) 
A climbing gym with walls and routes 
up to 12 m of height 
 
IG: 2.5 hours per day, three times per 
week, 3 weeks 
(22.5 hours) 
 

Pre vs post   
Pinch precision task: ↑↑ 
Pinch strength task: = 
Pinch rate-of-force-development: = 
The test of whole hand strength: =  
Test of ankle coordination: = 
Test of ankle stiffness: =  
Test of ankle range of motion:  ↑↑ 
Test of ankle dorsiflexion strength: = 
Romberg 30 s balance test: =   
Sit-to-stand test: ↑↑ 
Sådan er jeg questionnaire: 
   Overall: =   
   Physical abilities: =   
   Skills and abilities: =   
   Mental well-being: =   
   Relationship to parents: =  
   Relationship to others: =   
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Reference LOE Participants Intervention Other Outcomes 
Cherriere et 
al. (2020) 

4 n = 10 
10-17 years 
(14.1 ± 1.8) 
Spastic unilateral (3), 
spastic diplegia (4), 
dyskinetic (1), ataxic (1), 
unknown (1) 
GMFCS I (4), II (3), III (3) 
 

Dance intervention  
(physical intervention) 
A variance of dance styles with an 
emphasis on balance movements 
 
IG: 60 minutes per day, twice per 
week, 10 weeks  
(20 hours) 
 
NCG 

Pre vs post 
PBS: 
   Dynamic balance: ↑↑ 
   Static balance: ↑↑  
   Total score: ↑↑ 
Static balance (force platform): 
   Max AP Amplitude of COF: = 
   Max ML Amplitude of COF: = 
   Max AP Speed of COF: = 
   Max ML Speed of COF = 
PRT:  
   Total COF shiftings on force platform: ↑↑ 
   Total score: =  
Waling velocity: = 
Rythmic trial (Stamback): ↑↑ 
Tip pinch strength: =  
Right side strength: = 
Left side strength: = 
 

Bilde et al. 
(2011) 

4 n = 9 
6-12 years 
(10.3, SD n.a.) 
Spastic  
GMFCS I (8), II (1)  
MACS I (4), II (5) 
 

Mitii (multi-modal intervention) 
A multi-modal web-based program: 
cognitive, perceptual, and motor 
training 
 
IG: 30 minutes per day, every day, 20 
weeks  
(73.6 ± 8 hours) 
 
NCG 
 

Pre vs post  
AMPS: ↑↑ 
AHA: = 
Isometric muscle test: ↑↑ 
Sit-to-stand test: ↑↑ 
Frontal and lateral test: ↑↑ 
Romberg test: = 
Bruce tradmill test (Gait test): ↑↑ 
6 minutes walking test: =  
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Reference LOE Participants Intervention Other Outcomes 
Lakes et al. 
(2019) 

4 n = 8 
9-14 years 
(mean n.a., SD n.a.) 
Spastic unilateral and 
bilateral (8) 
Motor ability n.a. 

Ballet intervention  
(physical intervention) 
Warm-up, stretching, barre, and 
centre floor exercises 
 
IG: 60 minutes per day, three times 
per week, 6 weeks  
(≥16 hours) 
 
NCG 

Pre vs post 
Body mass index: = 
Dual X-ray absorptiometry: = 
SCALE: = 
Time of ambulation (gait): ↑↑ 
Actigraph GT3X, habitual physical activity: = 
 
Pre vs follow-up (4-5 weeks after intervention) 
Body mass index: = 
Dual X-ray absorptiometry: = 
SCALE: = 
Time of ambulation (gait): ↑↑ 
Actigraph GT3X, habitual physical activity: = 
 

Peny-
Dahlstrand 
et al. (2018) 

4 n = 5b 

19-28 years  
(23.8 ± 4.2) 
Spastic unilateral (2), 
bilateral (2), dyskinetic (1) 
GMFCS I (1), II (3), III (1) 
MACS II (5) 
 

Cognitive Orientation to daily 
Occupational Performance (CO-OP) 
(cognitive intervention) 
Participant identifies three activity 
goals that he or she wants to achieve 
 
IG: 60 minutes per day, once or twice 
per week, 10 sessions 
(10 hours) 
 
NCG 

Pre vs post c   
COPM: 
   Performance (↑ 15/15 goals): ↑ 
   Satisfaction (↑ 15/15 goals): ↑ 
OSA, Swedish version (↑ 2/4): = 
AMPS: 
   Motor skills (↑ 0/5): = 
   Process skills (↑ 2/5): = 
Pre vs follow-up c  (6 months after intervention)  
COPM 
   Performance (↑ 15/15 goals): ↑ 
   Satisfaction (↑ 15/15 goals): ↑  
OSA, Swedish version (↑ 1/4): = 
AMPS: 
   Motor skills (↑ 0/5): = 
   Process skills (↑ 1/5): = 
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Reference LOE Participants Intervention Other Outcomes 
Heathcock 
et al. (2015) 

4 n = 2 
19 and 21 months  
Spastic bilateral 
quadriplegia (2) 
GMFCS V (2) 
 

Physical therapy (physical 
intervention) 
Intensive physical therapy to enhance 
gross motor skills using toys or other 
motivators 
  
IG: 2 hours per day, 5 times per week,  
4 weeks 
(40 hours)  
 
NCG 

Pre vs post c 
BSDI-III 
   Gross motor (↑ 2/2): ↑ 
   Fine motor (↑ 1/2): = 
   Expressive language (↑ 0/2): =   
   Receptive language (↑ 2/2): ↑ 
GMFM-66 (↑ 2/2): ↑ 
GMFM-88 (↑ 2/2): ↑  
 
 

Desai et al. 
(2014) 

4 n = 1 
13 years 
Motor ability n.a. 
 

GoTalk Now (AAC) 
Communication application with 
vocabulary layouts and grids 
 
IG: twice per week, 8 weeks 
(5.3 hours) 
 
NCG 
 
 
 
 
 
 

Pre vs post 
Communication matrix: ↑ 
GAS: ↑ 
SFA, physical:  
  Computer/Equipment use: ↑ 
SFA, task supports 
  Adaptations: = 
  Assistance: ↑ 
SFA, participation: ↑ 
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Supplementary Material 1 (continued).   
Notes. a The sample included typical developing children, but only data for children with CP were included; b The sample included children with spina bifida, but only data for 
children with CP were included; c If individual results were reported, differences were considered if >50% of the total sample changed score.   
n.a., not available; ↑, increase in studies with no statistical analysis; ↑↑, statistical significance increase; ↓, decrease in studies with no statistical analysis; ↓↓, statistical significance 
decrease; =, no differences.  
Abbreviations. AHA, Assisting Hand Assessment; AMPS, Assessment of motor and process Skills; BSID-III, Bayley Scales of Infant and Toddler Development-Third Edition; CG, 
Control Group; COPM, Canadian Occupational Performance Measure; CP QoL, Cerebral Palsy Quality of Life Questionnaire; COF, Center of Force; DASS-21, Depression, Anxiety and 
Stress Scales-21; FIM, Functional Independence Measure; GAS, Goal Attainment Scaling; GMFCS, Gross Motor Function Classification System; GMFM, Gross Motor Function Measure; 
ICF-CY, International Classification of Functioning, Disability and Health for Children and Youth; IG, Intervention Group; JTTHF, Jebsen-Taylor Test of Hand Function; MACS, Manual 
Ability Classification System; MUUL, Melbourne Assessment of Unilateral Upper Limb Function; Mitii, Move It To Improve It; NCG, No Control Group; OSA, Occupational Self-
Assessment; PBS, Pediatric Berg’s Balance Scale; PDMS-2, Peabody Developmental Motor Scale-Second Edition; PdsQL, Pediatric Quality of Life Inventory 4.0 Genetic Core Scale; 
PRT, Pediatric Reach Test; QUEST, Quality of Upper Extremity Skills Test; SCALE, Selective Control Assessment of the Lower Extremity; SE, School Engagement Questionnaire; SFA, 
Student’s School Function; WeeFIM, Wee Functional Independent Measure; WHODAS, World Health Organization Disability Assessment Schedule. 
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ABSTRACT 

 

Background 

We investigated the influence of relevant demographic, clinical, neuropsychological, and 

psychosocial variables on the proxy-reported quality of life (QoL) of children with cerebral 

palsy (CP).  

 

Methods 

The proxy-reported Cerebral Palsy Quality of Life-Child questionnaire (CP QoL-Child) was 

completed by 58 children with CP (mean age = 10.22 years, SD = 1.67). Relationships 

between QoL scores and demographic, clinical, neuropsychological, and psychosocial 

variables were assessed. CP QoL scores and other variables that correlated significantly 

were introduced into a multiple linear regression model. 

 

Results 

Executive functioning and motor functional status were explanatory variables for the CP 

QoL total score. Executive functions explained three specific QoL domains: Social Well-

being and Acceptance, Feelings about Functioning, and Emotional Well-being and Self-

esteem. Parental stress also explained Social Well-being and Acceptance. Motor 

functional status and visual perception were explanatory variables for the Access to 

Services domain. Finally, autism spectrum disorder (ASD) traits were an explanatory 

variable for the Participation and Physical Health domain. 

 

Conclusion 

Executive functioning and motor functional status importantly influence QoL of children 

with CP. Visual perception, ASD symptoms, and parental stress variables are related with 

specific QoL domains. These findings demonstrate that interventions targeting cognitive 

functions in children with CP may positively influence QoL. 
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Highlights 
 

• Executive functioning and motor functional status are explanatory variables of QoL 

total score in CP 

• Visual perception skills and ASD symptoms influence specific domains of QoL in 

CP 

• Parental stress also affects the QoL of children with CP 
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1. Introduction 

Cerebral palsy (CP) describes a group of permanent disorders of movement and/or 

posture attributed to nonprogressive disturbances that occurred in the developing fetal 

or infant brain. Motor disorders are often accompanied by alterations in cognition, 

sensation, communication, perception, and behavior (Rosenbaum et al., 2007). CP is a 

chronic condition that may have negative implications on quality of life (QoL) through 

life span (Colver et al., 2014). The World Health Organization (WHO) defines QoL as “an 

individual's perception of their position in life in the context of the culture and values 

systems in which they live and in relation to their goals, expectations, standards and 

concerns” (WHOQOL GROUP, 1995). The International Classification of Functioning, 

Disability and Health (ICF) model proposed by the WHO encourages the consideration 

of the impact of several biopsychosocial factors in daily life. The ICF framework suggests 

that QoL may be influenced by different domains that are interrelated: body function 

and structure, activities, participation, and contextual and personal factors (World Health 

Organization, 2007).4 Considering this framework, it is essential to identify the different 

factors that affect QoL in CP and that should be included in interventions. Motor 

functioning is one of the most studied factors influencing QoL in CP. Several studies 

have explored associations between QoL and gross (Badia et al., 2016; Böling et al., 2016; 

Power et al., 2020; Rapp et al., 2017) and manual (Böling et al., 2016; Laporta-Hoyos et 

al., 2017; Park, 2017) motor functions, type of CP, and motor distribution (Böling et al., 

2016; Jiang et al., 2016, 2016). Research also indicates that clinical (epilepsy, pain, or 

communication) (Böling et al., 2016; Giray et al., 2018; Jiang et al., 2016; Laporta-Hoyos 

et al., 2017; Omura et al., 2018; Rapp et al., 2017) and demographic (age, sex, and 

socioeconomic status) (Das et al., 2017; Jiang et al., 2016; Laporta-Hoyos et al., 2017; 

Omura et al., 2018; Power et al., 2020; Türkoğlu et al., 2016) variables influence QoL of 

people presenting CP. 

 

Despite the importance of cognitive functions in CP, little is known about their impact 

on QoL. The few available studies exploring the association between cognitive functions 

and QoL have mainly focused on general intellectual functioning (Badia et al., 2016; 

Böling et al., 2016; Jiang et al., 2016; Laporta-Hoyos et al., 2017; Rapp et al., 2017) which 

is impaired in 50% of children with CP (intellectual quotient [IQ] < 70) (Novak et al., 

2012; Påhlman et al., 2021; Stadskleiv, 2020).  
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Children with CP also present specific cognitive impairments. Concretely, visual 

perception and executive functions are the most affected cognitive domains in CP (Ego 

et al., 2015; Pagliano et al., 2007; Pueyo et al., 2009). Nevertheless, research about the 

association between QoL and visual perception or executive functions is scarce (Laporta-

Hoyos et al., 2017; Mitry et al., 2016). Very few studies have described memory skills in 

people presenting with CP (Ballester-Plané et al., 2018; Østensjø et al., 2003; Pueyo et 

al., 2009; Toomela, 2012), and two of them report difficulties (Pueyo et al., 2009; Toomela, 

2012). Previous studies have demonstrated the importance of memory in children due 

to its role in learning and acquisition of knowledge in academic, leisure, and social 

contexts (Smith, 2009) but association with QoL in CP has not been explored. 

 

As for behavioral problems, associations have been explored between QoL and both 

prosocial behavior and psychopathology in children and adolescents with CP (Colver et 

al., 2015; Dang et al., 2015). Autism spectrum disorder (ASD) traits in children with CP 

are higher than in typically developing children, with an estimated prevalence raised up 

to 30% (Påhlman et al., 2021). No study to date has explored the association between 

ASD traits and QoL in children with CP. Considering these results, it is of special interest 

to conduct a study including all these neuropsychological variables to identify the best 

determinants of QoL. Moreover, psychosocial variables such as type of schooling (Badia 

et al., 2016; Power et al., 2020), participation (Burak & Kavlak, 2019; Omura et al., 2018), 

and parental stress (Rapp et al., 2017) have been associated with QoL in children with 

CP. 

 

Taking into account the biopsychosocial model proposed by the ICF, the aim of the 

present study was to investigate the influence of demographic, clinical, 

neuropsychological, and psychosocial variables on QoL of children with CP. 

 

2. Materials and Methods 

2.1. Participants 

Participants were recruited from the Sant Joan de De´u-Barcelona Children's Hospital, 

Vall d’Hebron University Hospital, and Fundacio´ ASPACE Catalunya in Barcelona. Ethical 
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approval was obtained from the University of Barcelona's Institutional Ethics Committee, 

Institutional Review Board (IRB 00003099, assurance number: FWA00004225). The 

research was conducted in accordance with the Helsinki Declaration. Written informed 

consent was obtained by all parents or legal guardians of participants. The inclusion 

criteria were (1) clinical diagnosis of CP; (2) children aged between 8 and 12 years; (3) 

being able to understand instructions assessed by the Screening Test of Spanish 

Grammar (Toronto, 1973); and (4) presence of an intelligible yes/no response system. The 

presence of severe hearing or visual difficulties that precluded neuropsychological 

assessment was considered as an exclusion criterion. 

 

2.2. Assessments  

2.2.1. QoL  

QoL was measured using the parent-proxy version of the Cerebral Palsy Quality of Life-

Child (CP QoL-Child) questionnaire. CP QoL-Child is a specific questionnaire designed 

for children with CP and based on the ICF. This questionnaire considers seven QoL 

domains: Social Well-being and Acceptance, Participation and Physical Health, Feelings 

about Functioning, Emotional Well-being and Self-Esteem, Pain and Impact of 

Disability, Access to Services, and Family Health. CP QoL-Child scores were converted to 

values between 0 and 100, and the mean for each domain was calculated. A CP QoL 

total score was also computed by adding all domains. Higher scores indicate better QoL 

except in Pain and Impact of Disability domain, where lower scores indicate better QoL 

(Waters et al., 2007). 

 

2.2.2. Demographic data 

Participants' demographic data were obtained through parent's interview, including 

age, sex, and socioeconomic status (Estudio General de Medios, 2016).  

 

2.2.3. Clinical data 

Clinical information, such as motor CP type, distribution of the motor impairment, 

motor functional status, communication, gestational age, presence of epilepsy (Fisher 
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et al., 2014) and pain was extracted from clinical history and proxy-reported 

questionnaires. 

 

Motor functional status 

 
Gross motor function was assessed by the Gross Motor Function Classification System 

(GMFCS) (Palisano et al., 2008). The GMFCS classifies children with CP based on their 

functional abilities and limitations. In addition, the Manual Abilities Classification System 

(MACS) (Eliasson et al., 2006) and the Bimanual Fine Motor Function (BFMF) system 

(Elvrum et al., 2016) were used to categorize manual ability. The three scales contain five 

levels of classification, and higher scores indicate lower levels of motor functioning. 

 

Communication 

 
Everyday communication abilities were assessed by the Communication Function 

Classification System (CFCS) (Hidecker et al., 2011), which contains five levels. Speech 

production was measured by the Viking Speech Scale (VSS) (Pennington et al., 2013), 

which has four levels. Higher scores in both scales indicate higher difficulties. 

 

Pain 

 

Pain was assessed by the Bodily Pain and Discomfort Scale of The Child Health 

Questionnaire (Landgraf, 2020). This questionnaire considers the presence of pain, 

frequency, and intensity during the last month. The frequency score was used in all 

analyses, and higher scores indicate higher frequency of pain. 

 

2.2.4. Neuropsychological assessment 

Participants completed a neuropsychological assessment to evaluate general 

intellectual functioning, visual perception, executive functions, and memory. Raw scores 

were converted into standardized scores to correct for age. Parents of participants 

completed questionnaires to assess psychological adjustment and ASD traits. 
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General intellectual functioning 

 
General intellectual functioning was measured using the Raven's Coloured Progressive 

Matrices (RCPM) (Raven et al., 2011). RCPM is a standardized easy-to-administer tool in 

people with CP (Ballester-Plané et al., 2016; Pueyo et al., 2008). Higher scores in RCPM 

indicate better performance. 

 

Visual perception 

 
Visual perception was evaluated by the Facial Recognition Test (FRT) (Benton 1994) and 

the Arrows subtest of the Developmental NEuroPSYchological Assessment-Second 

Edition (NEPSY-II) (Korkman et al., 2014). Higher scores in both tests indicate a better 

performance. 

 

Executive functions 

 
According to Diamond's model (Diamond, 2013) both core (inhibitory control, working 

memory, and cognitive flexibility) and higher-order (planning) executive functions were 

assessed. Inhibitory control was assessed by the Digits total score from Wechsler 

Intelligence Scale for Children-Fifth Edition (WISC-V) (Wechsler et al., 2015) and the 

Auditory Attention subtest of the NEPSY-II (Korkman et al., 2014). Working memory was 

assessed by using Backward Digit Span from WISC-V (Wechsler et al., 2015) Cognitive 

flexibility was assessed by the Response Set subtest of the NEPSY-II (Korkman et al., 

2014), and planning was assessed by using the Tower Test of the Delis-Kaplan Executive 

Function System (D-KEFS) (Delis et al., 2001). Social cognition was assessed using the 

Theory of Mind subtest of the NEPSY-II (Korkman et al., 2014). Higher scores in all these 

tests indicate a better performance. 

 

To assess behavioral manifestations of executive functioning in everyday life, the parent-

proxy version of the Behavior Rating Inventory of Executive Function-Second Edition 

(BRIEF-2) was used (Gioia et al., 2000). This scale comprises four indexes: Behavioral 

Regulation, Emotional Regulation, Cognitive Regulation, and Global Index of Executive 

Function. Higher T scores indicate worst performance.  
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Memory 

 
Verbal and visual memory were measured using the Word Selective Reminding subtest 

of the Test of Memory and Learning (TOMAL) (Reynolds, 1998) and the Memory for 

Designs subtest of the NEPSY-II (Korkman et al., 2014), respectively. Higher scores 

indicate a better performance. 

 

Psychological adjustment 

 
The Strengths and Difficulties Questionnaire (SDQ) (Goodman, 1997) completed by the 

parents was used to measure psychological adjustment including emotional, behavioral, 

and socialization problems. The total difficulties score, a measure of overall psychological 

adjustment, was used in all analyses. Higher scores indicate more presence of behavioral 

problems. 

 

Autism spectrum disorder traits 

 
The Autism Spectrum Screening Questionnaire (ASSQ) was used for the screening of 

ASD traits (Ehlers et al., 1999). Higher scores on ASSQ indicate the presence of more 

ASD traits. 

 

2.2.5. Psychosocial data 

Psychosocial data included type of schooling, participation, and parental stress 

 

Type of schooling  

 

Type of schooling was obtained through parents’ interview, indicating mainstream 

school, mainstream with support class, mainstream school in special classroom, and 

special school. 

 

Participation 

 

Participation was evaluated by the Participation and Environment Measure for Children 

and Youth (PEM-CY) (Coster et al., 2011); it examines the level of participation at home, 
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school, and community settings, and higher scores indicate better participation. 

 

Parental stress. Parental Stress Scale (PSS) was used to assess self-perceived stress from 

participants’ parents (Berry & Jones, 1995). Higher scores on the PSS scale indicate 

greater stress levels. 

 

2.3. Statistical analysis 

Statistical analyses were performed using the Statistical Package for the Social Sciences 

(IBM SPSS V.25). Assumptions of normality, linearity, and homoscedasticity were 

examined using the Kolmogorov-Smirnov test, scatterplots, and histograms. Pearson, 

Spearman, and Kendall bivariate correlations between the CP QoL scores and 

demographic, clinical, neuropsychological, and psychosocial variables were performed. 

Significance was set at P < 0.05 and corrected for multiple comparisons (Holm-

Bonferroni). Those variables that correlated significantly after applying the Holm-

Bonferroni correction were introduced into multiple linear regression models (stepwise 

method) to identify the best explanatory models of CP QoL scores. The assumption 

conditions of multiple linear regression model were checked. One participant was 

identified as an outlier in several scores of the neuropsychological assessment and was 

removed from correlation and regression analyses. The r and R2 values were interpreted 

as measures of effects size, for correlation and regression models, respectively. Cohen's 

interpretative criteria (Cohen, 1988) were applied considering r/R2 effects as small r ≥ 

0.10/R2 ≥ 0.01, medium r ≥ 0.30/R2 ≥ 0.09, and large r ≥ 0.50/R2 ≥ 0.25. The significance 

level was set at P value <0.05. 

 

The present study includes 58 participants with CP age ranging from 8 to 12 (mean age 

= 10.22 years, SD = 1.67). Half of the sample was female, and most of the participants 

were diagnosed with spastic CP (91.4%) Only 29.3% of participants had epilepsy, and 

most participants reported experiencing pain (82.0%). Demographic and clinical 

information of the sample are summarized in Tables 1 and 2, respectively. The 

descriptive statistics for neuropsychological and psychosocial variables are presented in 

Tables 3 and 4. The mean CP QoL total score was 72.37 (SD = 9.94), and the highest 

scores were observed in the Emotional Well-being and Self-Esteem (mean age = 81.11, 
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SD = 14.58) domains (Table 5). 

 

Table 1. Descriptive statistics for demographic data.  
Age, mean (SD) / range 10.22 (1.67) / 8-12 
Sex, n (%) Female: 29 (50) 

Male: 29 (50) 
Socioeconomic status  
(monthly income), n (%)  

A1 (>€3,005): 6 (10.3) 
A2 (€2,452 – €3,005): 23 (39.7) 
B (€2,146 – €2,451): 7 (12.1) 
C (€1,603 – €2,145): 9 (15.5) 
D (€1,313 – €1,602): 9 (15.5) 
E1 (€745 – €1,312): 4 (6.9) 

Abbreviations. SD, Standard Deviation. 
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Table 2. Descriptive statistics for clinical data.  
Type of CP, n (%) Spastic: 53 (91.4) 

Dyskinetic:4 (6.9) 
Unknown: 1 (1.7) 

Distribution of motor impairment, n (%) Diplegia: 11 (19) 
Hemiplegia: 36 (62.1) 
Triplegia: 2 (3.4) 
Tetraplegia: 9 (15.5) 

Motor functional status 
   GMFCS, n (%) 
 

 
I: 34 (58.6) 
II: 16 (27.6) 
III: 6 (10.3) 
IV: 2 (3.5) 

   MACS, n (%) 
 

I: 24 (41.4) 
II: 28 (48.3) 
III: 6 (10.3) 

   BFMF, n (%) 
 

I: 31 (53.5) 
II: 20 (34.4) 
III: 6 (10.3) 
IV: 1 (1.8) 

Communication 
   CFCS, n (%) 

 
I: 35 (60.3) 
II: 18 (31) 
III: 3 (5.2) 
IV: 2 (3.5) 

   VSS, n (%) I: 43 (74.1) 
II: 11 (19) 
III: 4 (6.9) 

Gestational age (in weeks), n (%)  <37 w: 36 (62.1) 
≥ 37 w: 17 (29.3) 
Unknown: 5 (8.6) 

Epilepsy, n (%)  No epilepsy:41 (70.7) 
Active: 17 (29.3) 

Pain, n (%) b Never: 24 (41.4) 
Once or twice: 14 (24.2) 
A few times: 8 (13.8) 
Fairly often: 5 (8.6) 
Very often:1 (1.7) 
Every day or almost every day: 1 (1.7) 
Unknown: 5 (8.6) 

Abbreviations. BFMF, Bimanual Fine Motor Function; CFCS, Communication Function Classification 
System; CP, Cerebral Palsy; GMFCS, Gross Motor Function Classification System; MACS, Manual Ability 
Classification System; VSS, Viking Speech Scale. 
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Table 3. Descriptive statistics for neuropsychological assessment.  
Neuropsychological variable n Mean (SD) Range 
IQ    
 RCPM (IQ) 58 97.67 (12.57) 75-125 
Visual perception     
 FRT (z) 58 0.49 (1.50) -2.90 to 4.33 
 NEPSY-II, Arrows (z) 58 -1.13 (1.22) -3.00 to 1.67 
Executive functions    
   Inhibition     
 WISC-V, Digits total score (z) 57a -1.19 (0.97) -3.00 to 0.67 
 NEPSY-II, Auditory Attention (z)    58   
   Working memory      
 WISC-V, Digit Span Backwards (z) 57a -0.90 (1.39) -4.40 to 1.44 
   Cognitive flexibility    
 NEPSY-II, Response Set (z) 58   
   Planning     
 D-KEFS, Tower Test (z) 57b -0.77 (1.09) -3.00 to 2.00 
Social cognition    
 NEPSY-II, Theory of Mind (z) 57c -1.03 (1.02) -2.19 to 1.50 
Executive functions in daily life    
 BRIEF-2, Behavioral Regulation Index (T) 58 61.79 (11.70) 42-90 
 BRIEF-2, Emotional Regulation Index (T)  64.00 (11.49) 42-89 
 BRIEF-2, Cognitive Regulation Index (T)  64.09 (10.87) 36-86 
 BRIEF-2, Global Index of Executive Function (T)  65.64 (11.12) 44-90 
Memory    
   Verbal    
 TOMAL, Word Selective Reminding (z) 56a -0.04 (1.00) -2.33 to 1.33 
   Visual    
 NEPSY-II, Memory for Designs (z) 55c -1.47 (1.30) -3.00 to 1.00 
Psychological adjustment     
 SDQ, total difficulties score  56d 13.77 (5.76) 2.-32 
ASD traits    
 ASSQ 52d 10.06 (9.42) 0-36 
Abbreviations. ASD, Autism Spectrum Disorder; ASSQ, Autism Spectrum Screening Questionnaire; BRIEF-2, 
Behavior Rating Inventory of Executive Function-Second Edition; D-KEFS, Delis-Kaplan Executive Function System; 
FRT, Facial Recognition Test; IQ, Intelligence Quotient; NEPSY-Second Edition, A Developmental 
NEuroPSYchological Assessment-II; RCPM, Raven’s Coloured Progressive Matrices; SD, Standard Deviation; SDQ, 
Strengths and Difficulties Questionnaire; TOMAL, Test of Memory and Learning; WISC-V, Wechsler Intelligence Scale 
for Children-Fifth Edition. 
Reasons for missing data: a very slow communication system that preclude to use an appropriate response system 
for the test used; b severe motor impairment that made it difficult to complete the task; c being not able to 
complete the test due to fatigue; d not answered by the parents. 
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3. Results 

3.1. Correlation analysis 

Significant correlation coefficients between the demographic, clinical, 

neuropsychological, and psychosocial variables and the CP QoL scores after Holm-

Bonferroni correction are presented in Table 6.  

 

Table 4. Descriptive statistics for psychosocial data. 
Neuropsychological variable n n (%) / mean (SD) Range 
Type of schooling (n)    
 Mainstream school  58 29 (50.0)  
 Mainstream school with support class   21 (36.2)  
 Mainstream school in special classroom   3 (5.2)  
 Special school   5 (8.6)  
Participation (mean)    
 PEM-CY, frequency home  54a 5.56 (0.83) 2.80-6.70 
 PEM-CY, frequency school   4.26 (1.13) 1.75-6.20 
 PEM-CY, frequency community   2.61 (1.00) 0.50-5.30 
Parental stress (mean)    
 PSS  55a 25.56 (7.68) 13-45 
Abbreviations. PEM-CY, Participation and Environment Measure for Children and Youth; PSS, Parental Stress 
Scale. 

Reasons for missing data: a not answered by the parents. 
 

Table 5. Descriptive statistics for CP QoL domains.  

CP QoL domains n Mean (SD) Range 
CP QoL total score 58 72.37 (9.94) 35.25-92.11 
      Social Well-being and Acceptance 58 80.93 (11.74) 52.08-100 
      Feelings about Functioning 58 72.94 (12.75) 31.25-94.79 
      Participation and Physical Health 58 67.51 (15.50) 13.64-88.64 
      Emotional Well-being and Self-Esteem 58 81.11 (14.58) 8.33-100 
      Access to Services 58 67.06 (18.35) 18.75-100 
      Pain and Impact of Disability 58 65.57 (13.86) 21.88-89.06 
      Family Health 58                   70.76 (14.76)      37.50-100  
Abbreviations. CP QoL, Cerebral Palsy Quality of Life Questionnaire. 
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Table 6. Significant bivariate correlations between CP QoL domains score and 
explanatory variables after Holm-Bonferroni correction.  
CP QoL total score   rp/rs/rT p 
Motor status    
      Gross motor function: GMFCS -0.40T <0.001 
Executive functions in daily life    
     BRIEF-2, Emotional Regulation Index -0.44s 0.001 
     BRIEF-2, Cognitive Regulation Index -0.42s 0.001 
     BRIEF-2, Global Index of Executive Function -0.48s <0.001 
Psychological adjustment   
      SDQ, total difficulties score -0.44s 0.001 
ASD traits: ASSQ -0.53s <0.001 
Social Well-being and Acceptance   
Executive functions in daily life    
     BRIEF-2, Emotional Regulation Index -0.54p <0.001 
     BRIEF-2, Cognitive Regulation Index -0.42p    0.001 
     BRIEF-2, Behavioral Regulation Index                                                                      -0.50p <0.001 
     BRIEF-2, Global Index of Executive Function  -0.55p <0.001 
Psychological adjustment    
      SDQ, total difficulties score -0.49p <0.001 
Parental stress: PSS -0.45p 0.001 
Feelings about Functioning    
Executive functions in daily life    
     BRIEF-2, Cognitive Regulation Index -0.42p 0.001 
     BRIEF-2, Behavioral Regulation Index                                                                      -0.44p 0.001 
     BRIEF-2, Global Index of Executive Function -0.50p <0.001 
Participation and Physical Health   
ASD traits: ASSQ -0.46s 0.001 
Emotional Well-being and Self-Esteem   
Executive functions in daily life    
     BRIEF-2, Emotional Regulation Index -0.52p <0.001 
     BRIEF-2, Behavioral Regulation Index                                                                      -0.44p 0.001 
     BRIEF-2, Global Index of Executive Function -0.46p <0.001 
Psychological adjustment   
      SDQ, total difficulties score -0.43s 0.001 
Access to Services   
Motor functional status    
      Gross motor function: GMFCS -0.38T <0.001 
Visual perception: FRT  0.45p <0.001 
Abbreviations. ASD, Autism Spectrum Disorder; ASSQ, Autism Spectrum Screening Questionnaire; 
BRIEF-2, Behavior Rating Inventory of Executive Function-Second Edition; CP QoL, Cerebral Palsy 
Quality of Life Questionnaire; FRT, Facial Recognition Test; GMFCS, Gross Motor Function 
Classification System; PSS, Parental Stress Scale; SDQ, Strengths and Difficulties Questionnaire. 

rp Pearson correlation, rs Spearman correlation, rT Tau-Kendall correlation. 
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3.1.1. CP QoL total score 

Gross motor function, executive functions in daily life, psychological adjustment, and 

ASD symptomatology scores were significantly and negatively correlated with the CP 

QoL total score (large and medium effect size). Demographic and psychosocial variables 

were not statistically associated with the CP total score. 

 

3.1.2. Specific CP QoL domains  

Demographic variables did not correlate with any specific domain. Regarding clinical 

variables, gross motor function (GMFCS) correlated negatively (medium effect size) with 

the scores in the Access to Services domain of the CP QoL questionnaire. No statistically 

significant correlation was found between the manual ability (MACS and BFMF) and 

communication (CFCS and VSS) scores and scores in any specific CP QoL domain. 

 

In relation with neuropsychological variables, visual perception scores correlated 

positively (medium effect size) with Access to Services. The executive functions in daily 

life scale (BRIEF-2) scores were associated with scores in different CP QoL domains. 

Specifically, scores in four BRIEF-2 indexes (including the Global Index) were negatively 

associated with Social Well-being and Acceptance domain (large and medium effect 

size). Similarly, three BRIEF-2 indexes were negatively associated (large and medium 

effect size) with Feelings about Functioning and Emotional Well-being and Self-Esteem 

scores. Executive function performance-based test scores did not correlate significantly 

with any QoL domain. No association was found between IQ and memory with any of 

the CP QL domains. 

 

Psychological adjustment, as assessed by the SDQ total difficulties score, correlated 

negatively (medium effect size) with Social Well-being and Acceptance and Emotional 

Well-being and Self-Esteem domains. ASD symptoms (ASSQ) correlated negatively 

(medium effect size) with scores in the Participation and Physical Health domain. 

 

Among psychosocial variables, parental stress (PSS) scores were significantly negatively 

associated with scores in the Social Well-being and Acceptance domain. 
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Any of the demographic, clinical, neuropsychological, and psychosocial variables 

considered in the present study were not significantly correlated with Pain and Impact 

of Disability, and Family Health domains. 

 

3.2. Regression analysis 

The multiple linear regression models are presented in Table 7.  

 

3.2.1. CP QoL total score 

Clinical and neuropsychology variables were significant explanatory variables for CP QoL 

total score model. The multiple linear regression model for CP QoL total score indicated 

that motor functional status (GMFCS) and executive function in daily life (Global Index 

of Executive Function, BRIEF-2) were more impaired, CP QoL total score decreased. 

 

3.2.2. Specific CP QoL domains 

Clinical, neuropsychological, and psychosocial variables were significant explanatory 

variables for CP QoL domains in multiple linear regression models. According to effect 

size (from larger to smaller) for each multiple linear regression model, behavioral 

manifestations of executive functioning in everyday life (Global Index of Executive 

Function, BRIEF-2) together with parental stress (PSS) were related to Social Well-being 

and Acceptance domain (large effect size). Gross motor function (GMFCS) and visual 

perception (FRT) explained the variance in Access to Services domain (large effect size). 

Executive functions in daily life were also the only explanatory variables of two QoL 

domains: Feelings about Functioning and Emotional Well-being and Self-Esteem (large 

effect size). Finally, ASD symptomatology (ASSQ) alone was an explanatory variable 

(large effect size) for Participation and Physical Health domain model. 
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4. Discussion 

This is the first study to investigate the association between QoL and a broad range of 

relevant variables including demographic, clinical, neuropsychological, and 

psychosocial variables in children with CP. Moreover, this research considers some 

variables that have not been studied previously in CP (such as VSS, memory, and ASD 

traits). Our results highlight that executive functions and motor functional status are key 

factors affecting QoL of children with CP. Visual perception, ASD traits and parental 

stress variables are related with specific QoL domains. 

 

Taken together, a range of executive function components are associated with both 

QoL total score and with specific QoL domains. The BRIEF-2 Global Index seems to be 

a good predictor for the CP QoL total score and for the scoring in the Social Well-being 

Table 7. Multiple linear regression analysis between CP QoL domains and potential 
explanatory variables that correlated with CP QoL. 

CP QoL domains     R2    β       t 
CP QoL total score    
Motor status: GMFCS 0.50 -0.50 -4.76*** 

Executive functions in daily life    
     BRIEF-2, Global Index of Executive Function   -0.52 - 4.94*** 
Social Well-being and Acceptance    
Executive functions in daily life    
     BRIEF-2, Global Index of Executive Function 0.38 -0.45 -3.63*** 
     Parental stress: PSS  -0.28 -2.31* 
Feelings about Functioning    
Executive functions in daily life    
     BRIEF-2, Cognitive Regulation Index 0.25 -0.50 -4.24*** 
Participation and Physical Health    
ASD traits: ASSQ 0.13 -0.36 -2.67** 
Emotional Well-being and Self-Esteem    
Executive functions in daily life    
     BRIEF-2, Emotional Regulation Index 0.25 -0.50 -4.07*** 
Access to Services    
Motor functional status    
     Gross motor function: GMFCS 0.33 -0.38 -3.27** 
Visual perception: FRT   0.33  2.86** 
Abbreviations. ASD, Autism Spectrum Disorder; ASSQ, Autism Spectrum Screening Questionnaire; 
BRIEF-2, Behavior Rating Inventory of Executive Function-Second Edition; CP QoL, Cerebral Palsy Quality 
of Life Questionnaire; FRT, Facial Recognition Test; GMFCS, Gross Motor Function Classification System; 
PSS, Parental Stress Scale.  

* p≤0.05, ** p≤0.01, *** p≤0.001. 
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and Acceptance domain in multiple linear regression models. The BRIEF-2 Cognitive 

Regulation Index was related with the Feelings about Functioning domain scores. In 

other words, this association indicates that problem-solving skills, as measured by 

Cognitive Regulation Index, play a role in individuals’ feelings about their independence 

in daily activities. In addition, better emotion regulation skills, assessed by BRIEF-2 

Emotional Regulation Index, were related with feeling good about oneself, as is 

described Emotional Well-being and Self-Esteem QoL domain. The importance of 

executive functions in QoL in people with CP through life span is ratified by our results 

and previous studies (Laporta-Hoyos et al., 2017).  

 

Performance-based tests used in the present study to assess executive functions did not 

show any significant correlation with any QoL domain; this may due to the fact that 

performance-based tests have lower ecological validity than rating scales, as they assess 

aspects of executive functions that are required in everyday home and/or school settings 

(Krivitzky et al., 2019).  

 

Visual perception skills were the other neuropsychological variable with significant 

impact on specific domains of QoL, such as the Access to Services domain; this may be 

due to the fact that children with visual perceptual impairments require more 

adaptations, such as special equipment and additional community services. However, 

difficulties to access these assistive technology resources decrease their individual's 

functioning and independence, consequently affecting their well-being. Visual 

perception was not significantly associated with the CP QoL total score in our sample. 

To date, only one study has investigated the association between visual perceptual 

impairments and QoL (Mitry et al., 2016). Mitry et al. (2016) found that visual perception 

was an explanatory variable of overall QoL in a sample similar to ours, with children 

aged between 6 and 11 years. The inconsistency between our findings and Mitry's et al. 

(2016) could be due to the differences in motor severity between samplesdour study 

did not include participants with severe motor impairment (GMFCS V). Accordingly, the 

rate of visual perceptual impairments was around 12% in our sample, whereas in Mitry 

et al.’s (2016) sample 53% of participants presented these impairments. Another 

explanation for the different results between studies could be that the tool used to 

measure QoL was different between studies. Mitry et al. (2016) assessed QoL through a 
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generic questionnaire, whereas in the present study a questionnaire designed 

specifically to assess QoL in CP population was used (Waters et al., 2007).   

 

The lack of significant associations between QoL and general intellectual functioning in 

our study as an explanatory variable is consistent with Laporta-Hoyos et al.’s results 

(Laporta-Hoyos et al., 2017). However, other studies suggest that children with higher IQ 

tend to have better QoL (Badia et al., 2016; Böling et al., 2016; Jiang et al., 2016; Rapp 

et al., 2017). The inconsistency between these findings and ours may be due to the tools 

used to measure IQ (Jiang et al., 2016; Rapp et al., 2017) or due to the fact that people 

with low IQ were also included in previous studies (Badia et al., 2016; Böling et al., 2016). 

The mean IQ in our study was higher, and this might have influenced our results. 

 

Memory skills were not associated with QoL in our sample. Pediatric studies exploring 

the association between memory and QoL are scarce. Only one study has found that 

verbal memory plays an important role in QoL in children with epilepsy (Hrabok et al., 

2013),56 which was not a common comorbidity in our sample. 

 

The present study is the first one to explore the association between ASD symptoms 

and QoL in children with CP. Interestingly, only ASD symptoms explained the scoring in 

the Participation and Physical Health domain in the multiple linear regression model. 

This association is not surprising, as social communication difficulties can undermine 

participation in school, sporting, and community activities. Finally, it is important to 

highlight that ASD symptoms were significantly univariably correlated with the CP QoL 

total score, even though such association did not remain significant in the multiple 

linear regression model. 

 

Psychological adjustment, as measured by the SDQ, was significantly and univariably 

associated with two QoL domains (Social Well-being and Acceptance and Emotional 

Well-being and Self-Esteem) and the CP QoL total score. Psychological adjustment, 

however, did not feature in any multiple linear regression model for QoL. These results 

agree with those of Power et al. (2020) who found that SDQ scores were significantly 

univariably correlated with specific QoL domains. 
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Regarding motor functional status variables, aligning with previous findings (Badia et 

al., 2016; Böling et al., 2016; Power et al., 2020; Rapp et al., 2017), GMFCS was associated 

with the total QoL in our study. Conversely, manual ability did not exert an impact on 

QoL. Consistently, Burak and Kavlav (2019) did not find any association between manual 

ability and QoL in a sample including participants with similar MACS levels (I to III) to 

our sample. Previous studies including participants with greater levels of manual 

impairment, however, report significant associations between manual ability and QoL 

(Böling et al., 2016; Laporta-Hoyos et al., 2017; Park, 2017). Similarly, other clinical 

variables (type of CP, distribution of motor impairment, communication, prematurity, 

and epilepsy) were not associated with QoL. Taken together, the results of the present 

and previous studies seem to indicate that these variables are associated with QoL 

when samples include children with severe communication difficulties, motor 

distribution impairment (Jiang et al., 2016), or more comorbidities (Türkoğlu et al., 2016).  

 

Concerning psychosocial variables, parental stress is associated with Social Well-being 

and Acceptance domain, which measures social network and personal relationships. 

These findings reinforce the idea that parental stress plays an important role in specific 

domains of QoL in children with CP.5,8 In contrast to early findings (Badia et al., 2016; 

Burak & Kavlak, 2019; Omura et al., 2018; Power et al., 2020), type of schooling and 

participation were not associated with QoL in our study. 

 

Finally, it is important to mention that two QoL domains (Pain and Impact of Disability, 

and Family Health) were not associated with any of the variables considered 

(demographic, clinical, neuropsychological, and psychosocial). Pain and Impact of 

Disability domain was perceived as the least satisfactory domain, as in previous findings 

(Böling et al., 2016).  

 

This is the first study exploring the association between QoL and a wide range of 

biopsychological variables considering the ICF framework for children with CP, but 

some limitations should be considered. First, sample size is moderate, and future 

studies including larger samples will provide further understanding about which factors 

influence QoL. Second, our sample included children with mild manual motor 

impairments (MACS I to III). Although there is a lack of participants with severe motor 
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impairments to cover the whole spectrum, our results reinforce the effect of some 

variables in QoL in mild cases. Finally, we relied on parental reports to measure QoL. 

Previous studies indicate that the perception of QoL may differ between self-reports 

and proxy reports, as caregivers tend to underestimate the QoL of children and 

adolescents with CP (Dang et al., 2015; Sentenac et al., 2021). However, the 

biopsychological approach of our study allows a comprehensive understanding of 

variables that may impact QoL. 

 

In conclusion, our study identified that executive functions, motor functional status, 

visual perception functions, ASD symptoms, and parental stress were significant 

explanatory variables in multiple linear regression models for QoL. Importantly, 

executive functions were significant explanatory variables in several QoL domains, 

highlighting their key role in QoL. Given their influence in QoL, cognitive functions, 

especially executive and visual perception functions, together with ASD traits should be 

targets for intervention in children with CP.  
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(see thesis references)
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ABSTRACT 

Aims 

To evaluate far transfer effects of a home-based computerized executive function 

intervention on non-targeted cognitive functions (visual perception and memory), as well 

as quality of life and participation in children with CP. This study also aims to determine 

whether these improvements, if any, were maintained 9 months after the intervention. 

 

Methods 

Sixty children with CP (8-12 years old) were randomly allocated into intervention or waitlist 

control groups. The intervention group underwent a home-based executive function 

intervention program for 30 minutes per day, 5 days a week for 12 weeks. All participants 

were assessed before the intervention, immediately and 9 months after the intervention 

finished.  

 

Results 

After the intervention finished, immediate verbal memory, verbal learning and visual 

perception (object recognition) performance were significantly better in the intervention 

group compared to the waitlist group. No improvements were found in visual memory, 

visual spatial perception, quality of life and participation after the intervention. Follow-up 

scores showed beneficial effects were not maintained 9 months after the intervention 

finished.   

 

Interpretation 

A home-based computerized executive function intervention produces short-term far 

transfer effects on memory and visual perception in children with CP. 

 

 

What this paper adds 

• A home-based computerized executive function intervention improves other non-

target cognitive functions (memory and visual perception) in children with CP. 

• Improvements were not maintained 9 months after the intervention finished.  
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1. Introduction 

Cerebral palsy (CP) is the leading cause of physical disability during childhood with an 

estimated prevalence of around 1.6 per 1000 live births (McIntyre et al., 2022). The term 

CP refers to a group of permanent movement and/or posture development disorders due 

to brain injury during the antenatal, perinatal or early postnatal period that persists 

through the lifespan. These motor symptoms are often accompanied by disturbances of 

sensation, communication, perception, behavior, epilepsy and cognition (Rosenbaum et 

al., 2007).  

 

Visual perception and executive function impairments are two of the most described 

cognitive impairments in CP (Fluss & Lidzba, 2020). Executive function impairments have 

been reported in both core (inhibitory control, working memory, and cognitive flexibility) 

and higher-order (planning, reasoning and problem-solving) executive functions (Di Lieto 

et al., 2017; Freire & Osório, 2020). Memory impairments have been also reported in CP, 

which are associated with learning and academic performance during childhood 

(Baddeley et al., 2003; Pueyo et al., 2009). It is of special interest to develop interventions 

addressed to cover these cognitive functions (Baddeley et al., 2003).  

 

Children with CP may need to undergo diverse interventions to address the wide range 

of motor and non-motor impairments. The need to optimise resources to reduce time 

and costs leads intervention research to not only focus on effects on those abilities 

addressed by the intervention (near transfer effects) but also on changes in non-targeted 

abilities (far transfer effects) (Bombonato et al., 2023; Oldrati et al., 2020). Prior studies 

about intervention in CP have mainly focused on physical interventions (Blasco et al., 

2022). These interventions seem to produce beneficial effects on general cognitive 

functioning and executive functions (Ahn et al., 2021; Teixeira-Machado et al., 2017). 

Nevertheless, no improvements have been reported in visual perception (Teixeira-

Machado et al., 2017). To date no studies have explored the potential effects of these 

interventions on memory skills.  

 

Contrary to physical interventions, multi-modal interventions (combining physical and 

cognitive tasks) improved visual perception (Alwhaibi et al., 2020; Aran et al., 2020), 
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although non target by these interventions. Moreover, these multi-modal interventions 

had also beneficial effects on general cognitive functioning and executive functions (Aran 

et al., 2020; Morgan et al., 2016b). As in the case of physical interventions, no studies about 

multi-modal interventions have investigated the effects on memory skills. Considering 

this, it is of special interest to investigate the role of cognitive interventions, whose aim is 

to improve specific cognitive functions.  

 

Research about the effectiveness of cognitive interventions for people with CP is, however, 

scarce. Only far transfer effects in visual perception improvements have been 

demonstrated after a home-based executive intervention in children with CP (Di Lieto et 

al., 2021). Studies in other populations have proved the potential of executive function 

intervention to enhance memory skills in children (Acosta et al., 2019). Di Lieto et al. (2021) 

did not find visual memory improvements and no study to date has explored the potential 

benefits of cognitive intervention on verbal memory. Among different types of cognitive 

interventions, those targeting executive function should be prioritized due to its 

development during childhood and adolescence. In this way, greater cognitive effects 

after an executive function intervention, even in non-targeted cognitive functions, 

compared with other cognitive intervention types (Zelazo & Carlson, 2012). Moreover, 

executive functions have been associated with quality of life along the lifespan in people 

with CP (Blasco et al., 2023; Laporta-Hoyos et al., 2017). In addition, considering the need 

to optimise resources, research has prioritized home-based computerized interventions 

in people with CP (Brown et al., 2010). Therapy schedules together with mobility barriers, 

may be a burden for children with CP and their families. Home-based computerized 

programs allow flexibility about when and where interventions can take place, which 

results into greater motivation and adherence (Ballantyne et al., 2019; Chen et al., 2013).  

 

The main purpose of this study was therefore to explore whether a home-based 

computerized executive function intervention for children with CP has far transfer effects 

on memory, visual perception, quality of life and participation. A second aim was to 

determine whether these far transfer effects, if any, would be maintained at 9-months 

post-intervention.  
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2. Materials and methods 

The present study is a single-blind randomized controlled trial (RCT). The CONSORT 

Statement was followed in the design, implementation and reporting of this study (Moher 

et al., 2001). The protocol was registered on ClinicalTrials.gov (NCT04025749) and 

published (García-Galant et al., 2020). Ethics approval was obtained from the University of 

Barcelona’s Institutional Ethics Committee, Institutional Review Board (IRB 00003099, 

assurance number: FWA00004225; http://www.ub.edu/recerca/comissiobioetica.htm) and 

Sant Joan de Déu-Barcelona Children’s Hospital Ethics Committee (PIC-45-20). The 

research was conducted in accordance with the Helsinki Declaration. Written informed 

consent was obtained from all participants’ parents or legal guardians.   

 

2.1. Participants 

Participants were recruited from the Sant Joan de Déu-Barcelona Children’s Hospital, Vall 

d’Hebron University Hospital and Fundació ASPACE Catalunya in Barcelona. Participants 

were also recruited from our project website and a previous study (Laporta-Hoyos et al., 

2019). The inclusion criteria were: (1) having a clinical diagnosis of CP; (2) being between 

8 and 12 years old; (3) Manual Ability Classification System (MACS) from I to III (Eliasson et 

al., 2006); (4) being able to understand simple instructions as assessed by the Screening 

Test of Spanish Grammar (Toronto, 1973); (5) referring availability to participate in the 

study for a year; (6) having internet access at home. The exclusion criteria were having 

severe and/or visual difficulties that precluded cognitive assessment and intervention.  

 

2.2. Study design and procedure 

Participants were matched in pairs based on age bands (8-10.5/10.6-12 years), sex, MACS 

level (I-II/III) and intelligence quotient (<80/≥80) (Raven et al., 2011). Each one of the paired 

participants were randomly allocated to one of the two groups (intervention or waitlist 

control). Randomization was performed by an in-house program written in R software. 

Participants were informed of group allocation after baseline assessment. The researcher 

who conducted neuropsychological assessment was blinded to the group status of 

participants until data collection finished.  

 

http://www.ub.edu/recerca/comissiobioetica.htm
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2.1.1. Intervention group 

Participants randomized to the intervention group performed a computerized home-

based executive function intervention using NeuronUP (www.neuronup.com). 

Intervention was specifically composed for this research project by a careful selection of 

the tasks, according to the main executive function domains. The difficulty level for each 

task was gradually adjusted automatically depending on the child’s level of performance 

during each session. Executive intervention included core executive function (inhibitory 

control, working memory and cognitive flexibility), higher-order executive function 

(planning) and social cognition tasks. Intervention consisted of 15 minutes per session, 

and 10 sessions per week for 12 weeks (total dose = 30 hours). Adherence was monitored 

by a health professional using website reports after each intervention session.   

 

2.1.1. Waitlist control group 

Participants randomized to the waitlist control group maintained their usual care.  

 

2.2. Assessment 

2.2.1. Neuropsychology assessment 

A comprehensive neuropsychological assessment was carried out before the intervention 

(T0, baseline), immediately after the intervention finished (T1, post-intervention) and 9 

months post-intervention (T2, follow-up). Standard paper and pen neuropsychological 

tests were used to assess memory and visual perception skills. Raw scores were converted 

into standardized scores (Z scores). Reliability was good across the different 

neuropsychological tests (García-Galant et al., 2020). Verbal and visual immediate memory 

skills were assessed using the Digit Forward Span from the Wechsler Intelligence Scale for 

Children-Fifth Edition (WISC-V) (Wechsler et al., 2015) and the Spatial Forward Span from 

the Wechsler Non-Verbal Scale of Ability (WNV) (Wechsler & Naglieri, 2006), respectively. 

Verbal learning and long-term memory skills were evaluated by the Word Selective 

Reminding of the Test of Memory and Learning (TOMAL) (Reynolds, 1998). Visual learning 

and visual long-term memory were assessed by the Memory for Designs from the 

Developmental Neuropsychological Assessment-Second Edition (NEPSY-II) (Korkman et 

al., 2014). Regarding visuoperceptual dimensions (Ben Itzhak et al., 2021), object 

http://www.neuronup.com/
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recognition and visual spatial perception were assessed by Facial Recognition Test (FRT) 

(Benton 1994) and Arrows (NEPSY-II) ) (Korkman et al., 2014), respectively.  

 

2.2.2. Quality of life and participation assessment 

Proxy-reported questionnaires about quality of life and participation were completed by 

the parents at the same 3 points as the neuropsychological assessment (T0, T1 and T2). 

Quality of life was measured by the Cerebral Palsy Quality of Life-Child (CP QoL-Child) 

questionnaire (Waters et al., 2007). A CP QoL total score was calculated by adding the 

seven domains. Participation was assessed using the Participation and Environment 

Measure for Children and Youth (PEM-CY) questionnaire (Coster et al., 2011), including 

level of participation at home, school and community settings.  

 

2.3. Potential covariates assessment 

Variables that could influence the effectiveness of intervention were considered potential 

covariates: pain, autism spectrum disorder traits, psychological adjustment, family quality 

of life and parental stress. Physical pain was measured by the Bodily Pain and Discomfort 

Scale of the Child Health Questionnaire (Landgraf, 2020). Autism spectrum disorders traits 

were assessed using the Autism Spectrum Screening Questionnaire (Ehlers et al., 1999). 

Psychological adjustment was examined by Strengths and Difficulties Questionnaire 

(Goodman, 1997). Family quality of life and parental stress were measured using the 

Beach Center Family Quality of Life Scale (Hoffman et al., 2006) and the Parental Stress 

Scale (Berry & Jones, 1995).  

 

2.4. Statistical analysis  

Statistical Package for the Social Sciences (IBM SPSS V.27) was used for the statistical 

analysis. Graphs were generated with R 4.2.2. Analysis of covariance (ANCOVAs), with 

neuropsychology, quality of life and participation baseline scores (T0) as covariates and 

group as factor, were performed to assess group differences in performance gains right 

after finishing the intervention (T1) and 9 months post-intervention (T2). In order to ensure 

that the estimated effects of the executive interventions were fully independent from the 

effects of other variables, pain, autism spectrum disorder traits, psychological adjustment, 
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family quality of life and parental stress were considered as potential covariables. Before 

ANCOVA analyses, bivariate correlations (Pearson, Spearman and Kendall) between 

baseline outcomes and potential covariates were performed applying Bonferroni’s 

correction (p=0.01). Those potential covariates that correlated significantly with baseline 

outcomes were introduced, together with baseline outcome, as covariates. Estimated 

marginal means of each variable were calculated considering covariates included in each 

specific analysis. The significance level was set at p-value < 0.05. Effect size for the ANCOVA 

was assessed by partial eta-square (𝜂!#), considering effects as small ≥ 0.01; medium ≥ 0.06 

and large ≥ 0.14 (Cohen, 1988).  

In addition to per-protocol analysis, intention-to-treat (ITT) analyses were performed with 

R (version 4.2.2 R Core Team 2022). ITT analysis included all those participants with 

baseline measure of each outcome (Genolini et al., 2013, 2016).   

 

3. Results 

3.1. Participants  

Of the 63 participants who completed the baseline assessment, 60 were assessed at post-

intervention and follow-up post-intervention (Figure 1). There were no significant group 

differences in terms of demographic and clinical characteristics (Table 1). Descriptive 

statistics for potential covariates are shown in Table 2. No significant group differences in 

potential covariates were found.  Neuropsychological, quality of life and participation 

scores at T0, T1 and T2 are presented in Supplementary Material (S1). The mean 

attendance and total dose were 114 sessions (106-120 sessions) and 28.35 hours (range 

26.30 – 30 hours).  
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Figure 1. Consort flow chart. 

Abrreviations. MACS = Manual Ability Classification System; IQ= Intelligence quotient.  
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Table 1. Descriptive statistics for demographic and clinical data.  
Demographic and clinical variables Intervention group  

(n = 30) 
Waitlist control group 

(n = 30) 
Age, mean ± SD  
(range) 

10.30 ± 1.66  
(8.08-12.92) 

10.01 ± 1.73  
(8.00-12.92) 

Sex, n (%)   
 Female 

Male 
15 (50.0) 
15 (50.0) 

15 (50.0) 
15 (50.0) 

Gestational Age (in weeks), n (%)    
 <37 w 

≥ 37 w 
14 (46.7) 
12 (40.0) 

20 (66.7) 
8 (26.7) 

 Unknown 4 (13.3) 2 (6.6) 
Epilepsy, n (%) a   
 No epilepsy 

Active 
24 (80.0) 

6 (20.0) 
18 (60.0) 
12 (40.0) 

Type of CP, n (%)  
 Spastic 

Dyskinetic 
Unknown  

27 (90.0) 
3 (10.0) 

0 (0.0) 

27 (90.0) 
2 (6.7) 
1 (3.3) 

Motor Distribution, n (%)  
 Unilateral  

Bilateral 
24 (80.0) 

6 (20.0) 
24 (80.0) 

6 (20.0) 
GMFCS, n (%)   
 
 
 

I 
II 
III 
IV 

20 (66.7) 
6 (20.0) 
4 (13.3) 

0 (0.0) 

14 (46.7) 
12 (40.0) 

2 (6.7) 
2 (6.7) 

MACS, n (%)   
 
 
 

I 
II 
III 

11 (36.7) 
16 (53.3) 

3 (10) 

14 (46.7) 
13 (43.3) 

3 (10) 
BFMF, n (%)   
 
 
 

I 
II 
III 
IV 

18 (60.0) 
8 (26.7) 
3 (10.0) 

1 (3.3) 

14 (46.7) 
12 (40.0) 

4 (6.7) 
0 (0.0) 

CFCS, n (%)  
 I 

II 
III 
IV 

20 (66.7) 
9 (30.0) 

1 (3.3) 
0 (0.0) 

16 (53.3) 
10 (33.3) 

2 (6.7) 
2 (6.7) 

VSS, n (%)   
 I 

II 
III 

26 (86.7) 
3 (10.0) 

1(3.3) 

18 (60.0) 
9 (30.0) 
3 (10.0) 

IQ, mean ± SD (range) 100.42 ± 15.17 (75-125) 95.88 ± 9.33 (75-110) 
Notes. a The International League Against Epilepsy criteria (58) was used to determine epilepsy status. 
 
Abbreviations. BFMF, Bimanual Fine Motor Function; CFCS, Communication Function Classification 
System; CP, Cerebral Palsy; GMFCS, Gross Motor Function Classification System; IQ, Intelligence 
Quotient; MACS, Manual Ability Classification System; VSS, Viking Speech Scale 
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3.2. Performance in groups post-intervention and follow-up 

Immediately post-intervention (T1) scores for each group and ANCOVA per protocol 

results are presented in Table 3. The intervention group performed significantly better on 

immediate verbal memory (Digit Span Forward, WISC-V) and verbal learning (Word 

Selective Reminding, TOMAL) than the waitlist control group at post-intervention, with 

large (F=13.79, p=<0.001, 𝜂!#=0.20) and medium (F=7.36, p=0.009, 𝜂!#=0.12) effect sizes, 

respectively. No significant verbal long-term memory (Word Selective Reminding Delayed, 

TOMAL) differences were found between groups after the intervention. No significant 

differences between groups were found in terms of visual memory. More specifically, no 

differences were found in terms of immediate memory (Spatial Span Forward, WNV), 

learning and long-term memory (Memory for Designs, NEPSY-II).   

 

Object recognition (FRT) was significantly improved after the intervention, with a medium 

effect size (F=4.14, p=0.047, 𝜂!#=0.07). Visual spatial perception, however, did not improve 

significantly (Arrows, NEPSY-II). There were no post-intervention differences between 

groups for quality of life (CP QoL) and participation (PEM-CY).   

 

Follow-up post-intervention scores (T2) for each of the two groups and ANCOVA results 

are presented in Table 4. No significant differences between the intervention and waitlist 

control groups were found for any of the outcomes. Tables S2 and S3 present ITT analysis. 

Significant differences between groups in the ITT analysis are the same as the ones found 

in the ANCOVA per protocol analysis. 

 

3.3. Graphical representation of results 

Participant’s performance is graphically presented in Figures 2-4. Estimated marginal 

differences between groups at immediate post-intervention (T1) and 9 months follow-up 

post-intervention (T2) are represented in boxes. Estimated marginal differences are 

differences between the groups’ estimated marginal means. As can be seen in the 

graphical representation, although differences between groups were not statistically 

significant in all neuropsychological outcomes 9 months follow-up post-intervention (T2), 

the intervention group showed higher performance than the waitlist control group 
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(estimated marginal differences above zero). It is noteworthy that participation and quality 

of life scores did not increase in the intervention group in comparison with waitlist control 

group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Descriptive statistics for potential covariates. 
Covariates Intervention group Waitlist control group 
Frequency of Pain, n (%)    
 Never 8 (26.7) 16 (29.1) 
 A few times 14 (46.7) 10 (18.2) 
 Often 4 (13.3) 3 (5.4) 
 Unknown 4 (13.3) 1 (1.8) 
ASSQ, median (range) 5 (0-36) 9 (0-25) 
SDQ, mean ± SD 13.9 ± 6.2 13.7 ± 5.2 
FQoL, mean ± SD  3.8 ± 0.7 3.8   ± 0.6 
PSS, median (range) 22 (13-43) 25 (17-45) 
Abbreviations. ASSQ, Autism Spectrum Screening Questionnaire; FQoL, Beach Center Family Quality of 
Life Scale; PSS, Parental Stress Scale; SDQ, Strengths and Difficulties Questionnaire.  
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Table 3. Analysis of covariance comparing intervention and waitlist control groups on post-
intervention.  

Outcomes 
Intervention 

group 
Waitlist 

control group 
ANCOVA 

Post-intervention (T1) 
Estimated marginal mean (SD) F p 𝜼𝒑𝟐 

Learning and memory 
   Immediate memory 

 Verbal: Digit Span Forward  
(WISC-V) -0.53 (0.11) -1.13 (0.12) 13.79 <0.001 0.20 

 Visual: Spatial Span Forward (WNV) -0.79 (0.21) -0.85 (0.21) 0.04 0.853 <0.01 
   Learning      
 Verbal: Word Selective Reminding 

(TOMAL) 0.32 (0.19) -0.44 (0.20) 7.36 0.009 0.12 
 Visual: Memory for Designs (NEPSY-II) -0.68 (0.19) -0.87 (0.19) 0.47 0.496 0.01 
   Long-term memory      
 Verbal: Word Selective Reminding 

Delayed (TOMAL) 0.14 (0.12) 0.08 (0.13) 0.15 0.697 <0.01 

 Visual: Memory for Designs Delayed 
(NEPSY-II) a -0.89 (0.18) -1.00 (0.18) 0.23 0.634 0.01 

Visual perception      
 FRT 0.81 (0.24) 0.14 (0.24) 4.14 0.047 0.07 
 Arrows (NEPSY-II) -0.95 (0.13) -1.16 (0.13) 1.26 0.267 0.02 
Quality of life 
 CP QoL Total Score a,b,c 73.77 (1.24) 70.97 (1.21) 2.50 0.121 0.05 
Participation 
 Home (PEM-CY) b,d 5.76 (0.12) 5.59 (0.12) 0.91 0.346 0.02 
 School (PEM-CY) 4.00 (0.24) 4.19 (0.24) 0.28 0.596 0.01 
 Community (PEM-CY) 2.96 (0.18) 2.76 (0.18) 0.29 0.572 0.01 
Notes. Covariates: a ASSQ, b PSS, c SDQ, d FQoL.  
 
Abbreviations. ASSQ, Autism Spectrum Screening Questionnaire; CP QoL, Cerebral Palsy Quality of Life 
Questionnaire; FQoL, Beach Center Family Quality of Life Scale; FRT, Facial Recognition Test; NEPSY-II, A 
Developmental NEuroPSYchological Assessment- Second Edition; PEM-CY, Participation and Environment 
Measure for Children and Youth; PSS, Parental Stress Scale; SD, Standard Deviation; SDQ, Strengths and 
Difficulties Questionnaire; TOMAL, Test of Memory and Learning; WISC- V, Wechsler Intelligence Scale for 
Children-Fifth Edition; WNV, Wechsler Non-Verbal Scale of Ability.  
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Table 4. Analysis of covariance comparing intervention and waitlist control groups on follow-up. 

Outcomes 

Intervention 
group 

Waitlist 
control group 

ANCOVA  
Follow-up (T2) 

Estimated marginal mean 
(SD) 

F p 𝜼𝒑𝟐 

Learning and memory 
   Immediate memory 
 Verbal: Digit Span Forward (WISC-V) -0.52 (0.16) -0.85 (0.16) 2.11 0.152 0.04 
 Visual: Spatial Span Forward (WNV) -0.78 (0.16) -0.87 (0.16) 0.15 0.699 <0.01 
   Learning      
 Verbal: Word Selective Reminding 

(TOMAL) 0.38 (0.22) 0.35 (0.23) 0.01 0.936 <0.01 
 Visual: Memory for Designs (NEPSY-II) -0.32 (0.22) -0.51 (0.22) 0.38 0.540 0.01 
   Long-term memory      
 Verbal: Word Selective Reminding 

Delayed (TOMAL) 0.51 (0.11) 0.33 (0.12) 1.21 0.276 0.02 

 Visual: Memory for Designs Delayed 
(NEPSY-II) a 0.09 (0.27) -0.76 (0.27) 3.06 0.087 0.06 

Visual perception      
 FRT 0.76 (0.22) 0.29 (0.22) 2.21 0.142 0.04 
 Arrows (NEPSY-II) -1.01 (0.13) -1.07 (0.14) 0.10 0.759 <0.01 
Quality of life 
 CP QoL Total Score a,b,c 69.30 (1.60) 72.17 (1.56) 1.60 0.213 0.03 
Participation 
 Home (PEM-CY) b,d 5.57 (0.14) 5.57 (0.14) <0.01 0.974 <0.01 
 School (PEM-CY) 4.20 (0.20) 4.11 (0.20) 0.12 0.730 <0.01 
 Community (PEM-CY) 2.48 (0.15) 2.65 (0.15) 0.66 0.422 0.01 
Notes. Covariates: a ASSQ, b PSS, c SDQ, d FQoL.  
 
Abbreviations. ASSQ, Autism Spectrum Screening Questionnaire; CP QoL, Cerebral Palsy Quality of Life 
Questionnaire; FQoL, Beach Center Family Quality of Life Scale; FRT, Facial Recognition Test; NEPSY-II, A 
Developmental NEuroPSYchological Assessment-Second Edition; PEM-CY, Participation and Environment 
Measure for Children and Youth; PSS, Parental Stress Scale; SD, Standard Deviation; SDQ, Strengths and Difficulties 
Questionnaire; TOMAL, Test of Memory and Learning; WISC–V, Wechsler Intelligence Scale for Children-Fifth 
Edition; WNV, Wechsler Non-Verbal Scale of Ability.  
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Figure 2. Graphical representation of differences between intervention and waitlist groups in 
learning and memory.  
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Figure 2 (continued). 
 

 

Notes. Estimated marginal differences = intervention group estimated marginal mean minus waitlist group 
estimated marginal mean; dark grey coloured box = significant differences, grey coloured box = non significant 
differences. Estimated marginal differences above zero indicate better performance in the intervention group 
than in the waitlist group. 
 
Abbreviations. NEPSY-II, A Developmental NEuroPSYchological Assessment-Second Edition; TOMAL, Test of 
Memory and Learning; WISC-V, Wechsler Intelligence Scale for Children-Fifth Edition; WNV, Wechsler Non-
Verbal Scale of Ability 
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Figure 3. Graphical representation of differences between intervention and waitlist groups  
in visual perception. 
 
 

 
 

 
 
Notes. Estimated marginal differences = intervention group estimated marginal mean minus waitlist group 
estimated marginal mean; dark grey coloured box = significant differences, grey coloured box = non significant 
differences. Estimated marginal differences above zero indicate better performance in the intervention group 
than in the waitlist group. 
 
Abbreviations. FRT, Facial Recognition Test; NEPSY-II, A Developmental NEuroPSYchological Assessment- 
Second Edition.  
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Figure 4. Graphical representation of differences between intervention and waitlist groups in 
quality of life and participation. 
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4. Discussion 

Children with CP who undergo a home-based computerized executive function 

intervention program for 12 weeks improved their verbal memory (immediate memory 

and learning) and visual perception (object recognition) skills immediately post-

intervention (T1). The intervention did not, however, enhance visual memory, visual spatial 

perception skills, quality of life and participation. This is the first study to explore the effect 

of an intervention on verbal memory in children with CP. Our research provides evidence 

that immediate verbal memory and verbal learning are improved after undergoing an 

executive function intervention program, in accordance with the fact that memory is a 

cognitive function interrelated with other cognitive functions, such as executive functions 

(Baddeley, 2012; Rzezak et al., 2014). Additionally, our results agree with previous research 

about far transfer effects of executive functions interventions in memory (Acosta et al., 

2019). Acosta et al. (2019) reported changes in immediate verbal memory after a working 

memory intervention in children with language disorders. Improvements post-

intervention in immediate verbal memory and learning were also found. Nevertheless, no 

changes were found in long-term memory. This could be due to transferring from short 

to long-term is an automatic but slow process (Baddeley, 1998) and a larger intervention 

duration could lead to find changes in this memory domain.   

 

The improvements found in visual perception are consistent with previous studies 

reporting far transfer effects on this cognitive function after cognitive and multi-modal 

computerized interventions in children with CP (Critten et al., 2018; James et al., 2015a). 

The findings of this study indicate that interventions including cognitive tasks delivered 

via a computerized program improve some components of object recognition, such as 

face processing, in children with CP. Visual perception is associated with everyday motor 

skills and academic performance and plays an important role in daily life activities (Critten 

et al., 2018; James et al., 2015a).This fact together with the high prevalence of visual 

perception impairments in CP (Ego et al., 2015), highlights the importance of targeting 

visual perception in interventions for people with CP. Research in CP seems to indicate 

that to obtain far transfer effects in visual perception, a weekly computerized intervention 

program of at least 3 months is required.  
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Otherwise, no improvements in visual spatial perception skills were found in our research. 

These results align with the research of Di Lieto et al. (2021) in which an executive function 

intervention, but with an inferior intervention dose, also did not induce changes in Arrows 

subtest (NEPSY-II). There is a wide variety of visuoperceptual functioning in children (Ben 

Itzhak et al., 2021). Until now, visual perception assessment in intervention research has 

been mainly limited to specific domains (e.g. object recognition or visual spatial 

perception domains) (Aran et al., 2020; Di Lieto et al., 2021) and this could difficulty to 

identify a global perspective of improvements based on child’s visual perception profile 

(Ben Itzhak et al., 2021). Further studies should include an extensive visual perception 

battery to determine which specific dimensions improve by interventions in CP.   

Regarding the absence of changes in visual spatial perception skills, no changes were also 

found in visual memory after the intervention in accordance with the previous study of Di 

Lieto et al. (2021). Specifically, none of the studies found improvements in Memory for the 

Designs subtest (NEPSY-II). This could indicate that no changes in visual spatial perception 

skills could be influencing visual memory assessment, where spatial localization are 

required. 

  

Visual perception and verbal memory improvements were not maintained 9 months after 

the intervention finished. A previous study with the near transfer effects showed long-term 

effects on executive functions 9 months after this intervention (García-Galant et al., 2020). 

This reinforces the idea that near transfer effects occur frequently, but far transfer effects 

are modest (Willis et al., 2006). It would be interesting to explore whether a booster 

intervention helps to maintain far transfer effects in these specific cognitive functions. 

Booster intervention in cognitive programs have been investigated scarcely, but some 

studies in other populations indicate that they promote long-term effects (Willis et al., 

2006). Another point of interest could be to include computerized assessment to test 

whether beneficial effects could be higher and/or maintained at follow-up.  

 

No significant transfer effects were demonstrated in quality of life and participation. 

Moreover, no delayed effects appeared 9 months later. No previous studies have 

investigated specifically the effects of cognitive interventions on these variables. On the 

one hand, our results are in line with previous studies in CP about multi-modal and 
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physical interventions, with no changes reported in quality of life (Ahn et al., 2021; Mak et 

al., 2018). Previous studies also report no significant improvements in quality of life in other 

children’s populations after an executive function intervention (De Vries et al., 2015). On 

the other hand, our results for participation differ from those found in a previous study 

undergoing a physical intervention (Teixeira-Machado et al., 2017). Improvements were 

found after 12 weeks of dance intervention. Further research is needed to clarify the 

effectiveness of interventions with different characteristics to improve quality of life and 

participation in this population.   

 

Despite the strengths of this work, some questions should be raised for future research. 

Firstly, children in our study comprised MACS I-III. The sample was limited to children with 

mild motor severity in order to homogenize the sample characteristics and the effective 

time of the intervention between children. Future studies should include participants 

representing whole spectrum of motor severity due to cognitive impairments are likely to 

be referred in severe motor cases of CP (56). Secondly, our study did not include an active 

control group. Although it could be interesting to include an active control group, it is 

difficult to find a computerized intervention tasks without including executive function 

component/domain. Added to that, COVID-19 pandemic may have affected children’s 

responses to treatment. Recent studies indicate that children with CP discontinued their 

daily routines as well as the activities in special education and rehabilitation centres 

during the pandemic (Cankurtaran et al., 2021).This decreased general health status and 

functional ability during the pandemic situation, may probably affect performance in the 

assessment and intervention of our study.   

 

To sum up, a home-based computerized executive function intervention can be effective 

to obtain far transfer effects in memory and visual perception. However, improvements 

were not maintained at long-term. Quality of life and participation did not improve after 

the intervention. Further research in the whole spectrum of CP severity is needed to 

identify strategies that allow maintaining these improvements over time and the 

possibility to transfer to daily life aspects.  
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Supplementary Material 2. Intention-to-treat analysis of covariance comparing intervention 
and waitlist control groups on post-intervention. 

Outcomes 

Intervention 
group 

Waitlist 
control group 

ANCOVA 
Post-intervention (T1) 

Estimated marginal mean 
(SD) F p 𝛈𝐩𝟐 

Learning and memory 
   Immediate memory 

 Verbal: Digit Span Forward (WISC-V) -0.62 (0.12) -1.16 (0.11) 11.0
5 0.002 0.16 

 Visual: Spatial Span Forward (WNV) -0.83 (0.20) -0.87 (0.20) 0.02 0.886 <0.01 
   Learning      

 Verbal: Word Selective Reminding  
(TOMAL) 0.30 (0.18) -0.44 (0.19) 7.94 0.007 0.12 

 Visual: Memory for Designs  
(NEPSY-II) -0.77 (0.18) -0.89 (0.17) 0.24 0.628 <0.01 

   Long-term memory      

 Verbal: Word Selective Reminding 
Delayed (TOMAL) 0.10 (0.12) 0.05 (0.12) 0.08 0.774 <0.01 

 Visual: Memory for Designs Delayed  
(NEPSY-II) a -0.82 (0.16) -0.97 (0.16) 0.73 0.397 0.01 

Visual perception      
 FRT 0.78 (0.23) 0.12 (0.22) 4.30 0.042 0.07 
 Arrows (NEPSY-II) -0.99 (0.13) -1.19 (0.13) 1.11 0.297 0.02 
Quality of life 
 CP QoL Total Score a,b,c 74.13 (1.12) 71.18 (1.14) 3.09 0.085 0.06 
Participation 
 Home (PEM-CY) b,d 5.67 (0.11) 5.60(0.11) 0.62 0.435 0.01 
 School (PEM-CY) 3.91 (0.21) 4.16 (0.21) 0.69 0.410 0.01 
 Community (PEM-CY) 2.85 (0.16) 2.83 (0.16) 0.01 0.944 <0.01 
Notes. Covariates: a ASSQ, b PSS, c SDQ, d FQoL.  
 
Abbreviations. ASSQ, Autism Spectrum Screening Questionnaire; CP QoL, Cerebral Palsy Quality of Life 
Questionnaire; FQoL, Beach Center Family Quality of Life Scale; FRT, Facial Recognition Test; NEPSY-II, A 
Developmental NEuroPSYchological Assessment- Second Edition; PEM-CY, Participation and 
Environment Measure for Children and Youth; PSS, Parental Stress Scale; SD, Standard Deviation; SDQ, 
Strengths and Difficulties Questionnaire; TOMAL, Test of Memory and Learning; WISC-V, Wechsler 
Intelligence Scale for Children-Fifth Edition; WNV, Wechsler Non-Verbal Scale of Ability.  
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Supplementary Material 3. Intention-to-treat analysis of covariance comparing intervention and 
waitlist control groups on follow-up. 

Outcomes 
Intervention 

group 
Waitlist 

control group 
ANCOVA  

Follow-up (T2) 
Estimated marginal mean (SD) F p 𝛈𝐩𝟐 

Learning and memory 
   Immediate memory 
 Verbal: Digit Span Forward (WISC-V) -0.60 (0.16) -0.96 (0.16) 2.49 0.120 0.04 
 Visual: Spatial Span Forward (WNV) -0.82 (0.15) -0.90 (0.15) 0.12 0.731 <0.01 
   Learning      
 Verbal: Word Selective Reminding 

(TOMAL) 
0.34 (0.21) 0.34 (0.21) 0.00 0.999 <0.01 

 Visual: Memory for Designs (NEPSY-
II) 

-0.54 (0.20) -0.60 (0.19) 0.04 0.848 <0.01 

   Long-term memory      
 Verbal: Word Selective Reminding 

Delayed (TOMAL) 
0.46 (0.11) 0.32 (0.11) 0.81 0.371 0.01 

 Visual: Memory for Designs Delayed 
(NEPSY-II) a 

-0.16 (0.24) -0.75 (0.24) 2.12 0.152 0.04 

Visual perception      
 FRT 0.71 (0.22) 0.29 (0.21) 2.01 0.161 0.03 
 Arrows (NEPSY-II) -1.11 (0.13) -1.14 (0.12) 0.03 0.865 <0.01 
Quality of life 
 CP QoL Total Score a,b,c 70.07 (1.49) 71.99 (1.52) 0.34 0.561 <0.01 
Participation 
 Home (PEM-CY) b,d 5.55 (0.13) 5.50 (0.13) 0.58 0.448 0.01 
 School (PEM-CY) 3.96 (0.18) 4.09 (0.18) 0.23 0.632 <0.01 
 Community (PEM-CY) 2.33 (0.14) 2.64 (0.14) 2.55 0.116 0.04 
Notes. Covariates: a ASSQ, b PSS, c SDQ, d FQoL.  
 
Abbreviations. ASSQ, Autism Spectrum Screening Questionnaire; CP QoL, Cerebral Palsy Quality of Life 
Questionnaire; FQoL, Beach Center Family Quality of Life Scale; FRT, Facial Recognition Test; NEPSY-II, A 
Developmental NEuroPSYchological Assessment-Second Edition; PEM-CY, Participation and Environment 
Measure for Children and Youth; PSS, Parental Stress Scale; SD, Standard Deviation; SDQ, Strengths and 
Difficulties Questionnaire; TOMAL, Test of Memory and Learning; WISC-V, Wechsler Intelligence Scale for 
Children-Fifth Edition; WNV, Wechsler Non-Verbal Scale of Ability. 
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DISCUSSION 
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SUMMARY OF GOALS  

 

The previous section addressed the main aim of this thesis, which was to optimise the 

effects of cognitive interventions in children with CP. The three studies conducted in 

this doctoral thesis adopted different approaches to achieve the general goal.  

 

First, we described the main types of interventions used to improve cognitive functions in 

CP. Study 1 was a systematic review that found that physical and multi-modal 

interventions improved cognition in individuals with CP. However, interventions that 

improved cognition did not have a significant impact on QoL. Study 1 showed limited 

evidence regarding cognitive interventions for CP, but promising results were observed for 

executive function interventions. Executive function interventions produce near and far 

transfer effects of core executive functions and visual perception, respectively. 

Nevertheless, the far effects on specific cognitive functions, such as verbal memory and 

daily life (QoL and participation), as well as the maintenance of near and far effects over 

time, remained unknown. 

 

Physical and multi-modal interventions did not improve the QoL. Additionally, the role of 

cognitive interventions in improving QoL remained unclear. Therefore, it was crucial to 

identify the most effective type of cognitive intervention. Study 2 addressed these issues. 

This study employed a cross-sectional design to investigate the relationship between QoL 

and cognition in children with CP along with other relevant demographic, clinical, and 

psychosocial variables. The results of Study 2 showed that executive functions have an 

impact on QoL in children with CP. Given that executive function interventions seemed 

to produce transfer effects on cognitive functions (Study 1) as well as the importance of 

executive functions on QoL (Study 2), this type of intervention should be prioritized to 

investigate the far transfer effects on non-trained cognitive functions and QoL in CP, while 

also examining the maintenance or delayed effects over time. These aims were addressed 

in Study 3, which, through an RCT, determined the far transfer effects of executive function 

interventions on visual perception and verbal memory in children with CP. However, these 

improvements were not maintained after nine months, and no delayed effects were 

observed on other cognitive domains, QoL, or participation.  
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The next section discusses the findings of this thesis in detail to shed light on this topic. 

Some aspects have been discussed previously in the discussion section of each study; 

however, given their importance they are examined in detail below. 
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TYPE OF INTERVENTIONS AVAILABLE TO ENHANCE COGNITION IN CEREBRAL PALSY 

 
Over the past two decades, the interest in CP interventions has increased significantly, as 

evidenced by the growing number of publications on this topic (Klawonn et al., 2020). This 

increase in rehabilitation research has led to greater emphasis on summarizing and 

assessing existing evidence in the field, resulting in a large number of systematic reviews. 

Although fewer than 20 systematic reviews of CP interventions were conducted between 

1992 and 2003, this number increased substantially to over 200 between 2012 and 2019 

(Novak et al., 2020).  

 

A systematic review by Novak et al. (2013) stands out as the most significant work on 

interventions for CP, with over 1500 citations in scientific papers. The question that arises 

is whether different types of symptoms receive equal attention in patients with CP. Based 

on the overview presented in the introduction of this thesis and recent systematic reviews 

published in the field of CP (Beckers et al., 2020; Cherriere, Robert, et al., 2020; Duarte 

Machado et al., 2023; Fandim et al., 2021; Guindos-Sanchez et al., 2020; Llamas-Ramos et 

al., 2022; Montoro-Cárdenas et al., 2021; Novak et al., 2020; Zanon et al., 2019), it is evident 

that this is not the case. Motor symptoms have been the primary focus of research since 

the beginning and efforts have been made to explore their treatment. As a result, 

interventions for CP have focused on motor impairments such as gross motor or manual 

ability difficulties, among others (Novak et al., 2013, 2020).  

 

Although cognitive impairment is a common feature of CP (Fluss & Lidzba, 2020; 

Stadskleiv, 2020), cognitive functions have not received the same level of attention. To 

address this necessity comprehensively, the first two aims of this thesis were: (1) to 

determine the main characteristics of interventions in people with CP to obtain beneficial 

effects on cognitive functions; and (2) to identify gaps in the existing literature regarding 

interventions with an impact on cognitive functions in people with CP. Study 1 addressed 

these aims and revealed state-of-the-art of interventions that have an impact on cognitive 

function.  

 

This systematic review provides a comprehensive overview of these interventions and 

offers a detailed description of their benefits for each cognitive function. Although other 
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reviews have reported the effects of interventions on cognition, it was not the primary 

outcome of these studies, and no specific details on improved domains were provided 

(Cherriere et al., 2020; Duarte Machado et al., 2023; Fandim et al., 2021; Novak et al., 2020). 

Hence, to the best of our knowledge, Study 1 is the only systematic review of CP that 

specifically focused on cognitive functioning. Our systematic review included a total of 28 

studies in the qualitative analyses. Of these, only nine were RCTs, indicating the need for 

studies with a higher quality of evidence. The scarcity of interventions that impact 

cognition is in agreement with the findings of other studies (Novak et al., 2020). Novak et 

al. (2020) identified 141 interventions to manage CP, but of those, only seven included 

cognitive function as an outcome.  

 

Beyond the discussion by cognitive functions detailed in Study 1, the results also 

suggested the effectiveness of various types of interventions. Studies with high quality 

evidence have reported that physical (Ahn et al., 2021; Teixeira-Machado et al., 2017), 

multi-modal (Alwhaibi et al., 2020; Aran et al., 2020; James et al., 2015b; Mak et al., 2018, 

2022; Morgan et al., 2016b; Piovesana et al., 2017), and cognitive (Di Lieto et al., 2021) 

interventions have positive effects on diverse cognitive functions. These interventions have 

been shown to enhance general intellectual functioning (Morgan et al., 2016b; Teixeira-

Machado et al., 2017), visual perception (Alwhaibi et al., 2020; Aran et al., 2020; Di Lieto et 

al., 2021; James et al., 2015b; Piovesana et al., 2017), and executive functions (Aran et al., 

2020; Mak et al., 2018).  

 

1. Physical interventions 

Physical interventions accounted for approximately 39% of the studies included in this 

systematic review, making them the predominant type of interventions (Abuin-Porras et 

al., 2019; Ahn et al., 2021; Cherriere et al., 2020; Christensen et al., 2017; Heathcock et al., 

2015; Hsieh et al., 2017; Lakes et al., 2019; Sajan et al., 2017; Shin & Song, 2016; Teixeira-

Machado et al., 2017; Yildirim et al., 2021). Considering that interventions for CP primarily 

target motor aspects, it is not surprising that research has focused on optimising these 

interventions by investigating their transfer effects on cognition.  

These interventions vary in format including dance (Cherriere et al., 2020; Lakes et al., 2019; 

Teixeira-Machado et al., 2017), hippotherapy (Ahn et al., 2021; Hsieh et al., 2017), 
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videogaming (Sajan et al., 2017), climbing (Christensen et al., 2017), kinesiotherapy (Shin 

& Song, 2016), high-intensity training (Heathcock et al., 2015), leap-motion-based 

exergame (Yildirim et al., 2021) and Bobath therapy (Abuin-Porras et al., 2019). Although 

physical interventions were the predominant type of intervention in our systematic review, 

only a small number of these studies were RCTs (n = 3) (Ahn et al., 2021; Sajan et al., 2017; 

Teixeira-Machado et al., 2017).  

The findings of our study showed that physical interventions have the potential to improve 

cognition in individuals with CP. High quality studies have demonstrated our initial 

hypothesis regarding transfer effects on general cognitive functioning (Teixeira-Machado 

et al., 2017) and executive functions (inhibitory control) (Ahn et al., 2021). These 

improvements were demonstrated after approximately 24 hours of physical intervention 

(Ahn et al., 2021; Teixeira-Machado et al., 2017).  

These results reinforce the idea of an interrelationship between cognition and motor 

functioning in individuals with CP. Previous studies have emphasized the significant 

influence of cognitive impairment on the effectiveness of motor interventions (Fazzi et al., 

2005; Kim et al., 2006; Reid et al., 2015). In this case, the association was inverted, 

underscoring the noteworthy contribution of motor aspects in enhancing cognitive 

functions. Beyond the research on CP, the underlying mechanisms responsible for the 

beneficial effects of physical interventions on cognition have not yet been completely 

elucidated in other populations, and most studies have focused on adults (Grassmann et 

al., 2017; Umegaki et al., 2021). Nevertheless, from a psychological perspective, a 

challenging physical task can involve specific cognitive functions, such as executive 

functions, and consequently, activate the same brain regions used to control higher-order 

cognitive processes (Schmidt et al., 2020). Thus, it is more than likely that cognitive 

functions are trained during physical tasks, leading to notable changes. Moreover, among 

the various mechanisms involved in these cognitive changes, physical interventions may 

increase brain-derived neurotrophic factor (BDNF) levels. BDNF seems to be associated 

with neuronal survival, neurogenesis, and preservation of white matter structure. 

Furthermore, physical interventions promote an increase in brain network connectivity. 

Additionally, other mechanisms underlying the beneficial effects of physical interventions, 

particularly in the elderly population, involve the reduction of oxidative stress, 
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inflammation, and biomarkers, such as amyloid β and hyperphosphorylated tau, which 

are associated with neurodegenerative processes (Umegaki et al., 2021).  

Previous research in typically developing populations has shown far transfer effects of 

physical interventions on cognitive functions from early childhood (Carson et al., 2016; 

Erickson et al., 2019; Esteban-Cornejo et al., 2015) to adulthood (Erickson et al., 2019). 

Similarly, these far transfer effects have been observed in children with other 

neurodevelopmental disorders such as ASD and ADHD (Liang et al., 2022; Tan et al., 2016), 

which are also highly prevalent in children with CP (Påhlman et al., 2021). Nevertheless, 

the impact of physical interventions is not equal across cognitive functions. Among the 

different cognitive functions that can be improved, executive functions appear to be 

particularly receptive to change through physical interventions (Erickson et al., 2019; 

Grassmann et al., 2017; Liang et al., 2021). Core executive functions, particularly inhibitory 

control and cognitive flexibility, are the easiest to benefit from physical interventions 

(Koščak Tivadar, 2017; Liang et al., 2021; Mora-Gonzalez et al., 2019). A meta-analysis (Liang 

et al., 2022) revealed that children with ASD experience improvements in cognitive 

flexibility and inhibitory control as a result of physical interventions. These results are 

consistent with those of our review which showed beneficial effects in these executive 

function domains. In our case, while beneficial effects on inhibitory control were found in 

both studies of high (Ahn et al., 2021) and low (Lakes et al., 2019) quality, cognitive 

flexibility was only investigated and demonstrated in one study with low quality (Yildirim 

et al., 2021). Further high quality research is needed to determine the effects of physical 

interventions in both core and higher-order executive function domains.  

Contrary to our expectations, our systematic review did not find studies with high quality 

that support the effectiveness of physical interventions on visual perception. As will be 

discussed more extensively later, it is necessary to include cognitive tasks to enhance this 

specific cognitive function.  

At this point, the reader may be curious about the characteristics that require physical 

intervention to enhance cognition. Regarding intervention characteristics (format, 

intensity, and duration), remarkable variability was observed among the studies included 

in our systematic review. This variability allows responses to specific individual needs, 

motivation to be addressed, and adjusted interventions accordingly. However, diversity 
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also makes it difficult to draw firm conclusions regarding the most effective interventions 

for achieving cognitive improvement. Nevertheless, among the different types of physical 

interventions for CP, dance has gained increasing interest, leading to an increase in the 

number of systematic reviews and meta-analyses assessing its effectiveness in CP 

(Cherriere et al., 2020; Duarte Machado et al., 2023; López‐Ortiz et al., 2019). A meta-

analysis (Duarte Machado et al., 2023) has reported the benefits of dance interventions on 

cognitive function in the CP population. However, owing to the limited number of 

included studies (n = 3), it was not possible to determine the specific effects of dance 

intervention on cognition. Duarte Machado et al. (2023) agreed that there are limited RCTs 

in this field and emphasized the need for further high quality research to establish a 

clearer understanding of the effects of dance interventions on cognitive functioning in 

individuals with CP. 

2. Multi-modal interventions  

Our systematic review identified 10 studies that investigated the effects of multi-modal 

interventions on cognitive function, half of which were RCTs. Multi-modal interventions, 

which encompass both cognitive and physical tasks, are of great clinical relevance in the 

field of CP. The complex nature of this disorder requires a multifaceted approach to 

address multiple symptoms, thereby integrating motor and cognitive symptomatology. 

Study 1 suggests that interventions combining physical and cognitive tasks have the 

potential to enhance general intellectual functioning (Morgan et al., 2016b), executive 

functions (Mak et al., 2018, 2020), and visual perception (Alwhaibi et al., 2020; Aran et al., 

2020; James et al., 2015b; Piovesana et al., 2017) in children with CP.  

The results of the best available evidence showed that general cognitive functioning 

improved in infants aged 12 months of age (Morgan et al., 2016b) after a multi-modal 

intervention that included parental coaching and environmental enrichment. However, 

to the best of our knowledge, multi-modal interventions have not been the primary 

intervention used to improve general intellectual functioning in children, and further 

research should be conducted in the field.  

The results of our systematic review have demonstrated that research on multi-modal 

interventions and their effects on cognition in CP has mainly focused on executive 

functions. Studies of high quality included have revealed improvements in inhibitory 
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control (Mak et al., 2018), and reasoning (Aran et al., 2020) in children with CP. Additionally, 

Mak et al. (2022) reported delayed effects on cognitive flexibility six months after the 

intervention. The findings of the present study are consistent with research conducted in 

other paediatric populations, indicating that multi-modal interventions enhance working 

memory and cognitive flexibility (Egger et al., 2019; Schmidt et al., 2020). However, 

relatively few studies have been published specifically on children, as most have focused 

on adults, particularly the elderly. Research on the adult population has reported 

improvements in executive functions (Dhir et al., 2021; Guo et al., 2020; Rieker et al., 2022), 

and, to a lesser extent, in memory skills (Ward et al., 2017). 

Hence, it seems that combining cognitive and physical tasks is better for achieving 

improvements in executive functions. However, some clues, such as the dose, remain to 

be elucidated. In addition to the specific type of multi-modal intervention, the way 

physical and cognitive modalities are presented is another factor that needs to be clarified. 

Most studies have investigated dual tasks by simultaneously combining physical and 

cognitive tasks (Guo et al., 2020).  

All studies that assessed visual perception reported improvements (Alwhaibi et al., 2020; 

Aran et al., 2020; Bilde et al., 2011; James et al., 2015b; Piovesana et al., 2017; Ramkumar 

& Gupta, 2016). Among these, three were RCTs (Alwhaibi et al., 2020; Aran et al., 2020; 

James et al., 2015b; Piovesana et al., 2017). Notably, two RCTs with a low risk of bias and 

a larger number of participants (approximately 100) (Aran et al., 2020; James et al., 2015b; 

Piovesana et al., 2017) showed that computerized multi-modal interventions produced 

beneficial effects in the CP population. 

3. Cognitive interventions 

Out of the 28 studies included in our systematic review, only a limited number of 5 

focused specifically on cognitive interventions. Furthermore, among these studies, only 

one was an RCT (Di Lieto et al., 2021). A detailed analysis of the evidence available on near 

and far transfer effects, together with the results obtained by Di Lieto et al. (2021) is 

provided when the results of the RCT (Study 3) are discussed. However, it is remarkable 

that the study conducted by Di Lieto et al. (2021) found improvements in working 

memory, inhibitory control, and visual perception in a sample of children aged between 

4 and 13 years, demonstrating both near and far transfer effects of a cognitive intervention. 
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As mentioned in the methods section, the risk of bias of RCTs was assessed using the 

Cochrane Collaboration Risk of Bias Tool (Higgins & Green, 2011) described in Study 1. The 

analysis of the risk of bias in Di Lieto et al. (2021) work reported unclear risk of bias in 4 of 

6 domains (random sequence generation, allocation concealment, blinding of 

participants and personnel and blinding of outcome assessment), with an overall 75% of 

unclear risk. Nevertheless, studies of lower quality (no RCTs) have also found an association 

between cognitive interventions and improvements in visual perception (Cho et al., 2015), 

executive functions (planning and reasoning) (Peny-Dahlstrand et al., 2020; Pereira et al., 

2019), and social cognition (Cho et al., 2015) in individuals with CP. Despite these 

promising results in cognitive interventions, the scarcity of research in the field, specifically 

regarding high quality studies, supports our initial hypothesis about the gap in the 

literature on cognitive interventions for CP. This aligns with the results reported by Novak 

et al. (2020), in which no cognitive interventions were identified to enhance cognitive 

function.  

Although our systematic review does not allow for generalization, the effectiveness of 

cognitive interventions has been extensively explored in other paediatric populations. 

Numerous systematic reviews have been published on the effectiveness of executive 

function interventions using computerized programs (Luis-Ruiz et al., 2020; Pasqualotto 

et al., 2021; Robledo-Castro et al., 2023; Sala et al., 2019; Scionti et al., 2020; Shepard et al., 

2022). Among these, working memory interventions are the most popular, followed by 

inhibitory control interventions. Existing literature suggests that cognitive interventions 

often result in near transfer effects. A second-order meta-analysis (Sala et al., 2019) found 

that working memory training enhances trained cognitive functions; however, evidence 

regarding far transfer effects is inconclusive and small or even null far transfer effects have 

been reported (Bombonato et al., 2023; Kassai et al., 2019; Luis-Ruiz et al., 2020; Melby-

Lervåg & Hulme, 2013; Sala et al., 2019).  

4. Which intervention is most effective for cerebral palsy: physical, multi-modal, 

or cognitive? 

Considering the results of the systematic review, professionals in the field of CP may 

wonder about the most effective interventions for enhancing cognitive functions in 

individuals with CP. Could physical intervention be the best option? Or perhaps combining 
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physical tasks with cognitive tasks may be more effective? Alternatively, focusing solely on 

cognitive tasks, may lead to produce greater effects?  

Answering these questions is not as straightforward as it may initially seem, based on the 

current evidence. While physical interventions have been shown to enhance general 

intellectual functioning and working memory, they may not improve visual perception. 

Given that VPIs are one of the main cognitive symptoms of CP, these interventions have 

failed to improve them. Additionally, high quality studies investigating the effects of these 

interventions on memory and other core and higher-order executive functions are lacking.  

On the other hand, multi-modal interventions have demonstrated improvements not only 

in general intellectual functioning and working memory, but also in visual perception and 

reasoning. However, it is important to note that the cognitive benefits obtained in multi-

modal interventions often remain limited to the trained cognitive functions, rather than 

generalizing to other cognitive functions. This suggests that these interventions may not 

be the most optimised ones. 

Furthermore, while both physical and multi-modal have positive effects on cognition, no 

RCTs have examined memory skills and all core executive function domains. Our RCT 

project was developed to address these gaps, later discussed, with near and far transfer 

effects obtained. Moreover, physical and multi-modal interventions failed to produce far 

transfer effects on QoL, with limited evidence of benefits. 

In contrast, cognitive interventions, particularly those targeting executive functions, seem 

to produce changes in both trained and untrained cognitive functions. Although no 

previous RCT has investigated the effects of cognitive interventions on higher-order 

executive functions, non-RCTs indicate that changes can occur in these domains. 

However, gaps remain in our understanding of these cognitive interventions. It is unknown 

whether the improvements obtained, both near and far transfer effects, are maintained 

over time. Additionally, previous studies have not addressed the far transfer effects of these 

interventions on untrained cognitive functions, such as verbal learning and long-term 

memory, or on daily well-being, such as QoL and participation.  

Despite these aspects requiring further clarification, cognitive interventions show promise 

for optimising the effects of intervention in individuals with CP. Future research, 
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particularly RCTs of higher quality, is needed to gain a better understanding of the 

potential of cognitive interventions to improve cognitive functions and well-being in this 

population. Study 3 attempted to address these gaps and provided a comprehensive 

recommendation by considering the results of RCT in the final section of this discussion. 
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QUALITY OF LIFE IN PEOPLE WITH CEREBRAL PALSY: A BIOPHYSOCHOSOCIAL 

APPROACH 

 

As reflected in the introduction of this thesis, the concept of QoL encompasses overall life 

satisfaction, which includes various aspects related to emotional, social, and physical well-

being, self-esteem, and self-determination (Colver, 2009, 2012). Thus, identifying factors 

related to QoL can help to determine appropriate assessments and interventions to 

improve the daily lives of individuals with CP. Therefore, the third aim of this thesis was to 

explore the relationship between QoL and cognitive functions in children with CP, while 

also considering relevant demographic, clinical, and psychosocial variables. Study 2 is of 

particular relevance, as it adopts a comprehensive biopsychosocial perspective, 

incorporating cognitive functions, to determine which have a greater impact on QoL in 

CP. This knowledge is essential for targeting specific cognitive functions to optimise 

cognitive interventions and improve well-being in CP. The findings revealed that executive 

functions and visual perception are explanatory factors for QoL in children with CP. 

Additionally, gross motor function, ASD traits, and parental stress variables were found to 

be related to QoL.  

1. Factors related to overall quality of life in cerebral palsy 

1.1. Executive functions   

As hypothesized, our results prove that executive functions are explanatory variables for 

overall and specific QoL domains in children with CP. Specifically, the BRIEF-2 

questionnaire was a good predictor of the total QoL score and the subdomains of Social 

Well-being and Acceptance, Feelings about Functioning, and Emotional Well-being and 

Self-esteem. These results highlight the relevance of these functions in the emotional, 

physical, and social aspects of the QoL. Although studies examining the impact of 

executive functioning on individuals with CP are scarce, one study investigated the 

relationship between executive functioning and QoL (Laporta-Hoyos et al., 2017). Our 

findings are consistent with those of Laporta-Hoyos et al. (2017), who found a relationship 

between executive functions and QoL in adolescents and adults with dyskinetic CP. 

Laporta-Hoyos et al. (2017) reported that cognitive flexibility is an explanatory variable 

across several QoL domains. Although no prior research has investigated the effect of 
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executive functions on QoL in children with CP, this relationship has been demonstrated 

in other paediatric populations, such as children with ASD (De Vries & Geurts, 2015), 

epilepsy (Love et al., 2016; Schraegle & Titus, 2016; Sherman et al., 2006), congenital heart 

disease (Sanz et al., 2018), and neurofibromatosis type 1 (Roy et al., 2021).  

Our results showed no association between QoL and performance-based executive 

function tests. Laporta-Hoyos et al. (2017) found that different performance-based 

executive tests predicted various QoL domains in adolescents and adults with CP. 

Specifically, the Wisconsin Card Sorting Test was a predictor of total CP QoL score, General  

and Participation, Communication and Physical Health, Family Health, and Feelings about 

Functioning. In addition, the Ballon Analogue Risk Task-Youth explains Communication 

and Physical Health domain. In our case, the indexes of the BRIEF-2 questionnaire, a rating 

scale used specifically to assess executive functions in daily life, were the explanatory 

variables for the regression model of QoL domains. It is important to note that 

performance-based tests and rating scales assess different aspects of executive functions 

(Pino Muñoz & Arán Filippetti, 2021). While performance-based measures seem to 

evaluate underlying cognitive skills under controlled environmental conditions, rating 

measures focus on the ecological, daily, and observable aspects of executive functions in 

everyday home and school settings (Krivitzky et al., 2019; Pino Muñoz & Arán Filippetti, 

2021). In particular, the BRIEF questionnaire is related to a child’s academic performance 

(Pino Muñoz & Arán Filippetti, 2021). Hence, our work findings, along with previous 

literature, reinforce the imperative idea of conducting a comprehensive 

neuropsychological assessment in children with CP, including performance-based tests 

and rating scales, to identify those who may be at risk for lower QoL.   

In other paediatric populations, studies examining the role of executive functions in 

children’s QoL have also found a relationship between BRIEF and QoL questionnaires (De 

Vries & Geurts, 2015; Love et al., 2016; Sanz et al., 2018; Schraegle & Titus, 2016; Sherman 

et al., 2006). Love et al. (2016) demonstrated that ecological executive dysfunction (namely 

in this way by the own authors), measured using the BRIEF-2 questionnaire, decreased 

QoL levels in children and adolescents with medically refractory epilepsy. These studies 

have shown a notable prevalence of executive dysfunction in different populations, with 

T-scores ≥ 65 in more than one-third to half of the participants (Love et al., 2016; Schraegle 

& Titus, 2016; Sherman et al., 2006). In our work, 42% of participants showed clinical-level 
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dysfunction in the Global Index of Executive Function (SD = 11.12). Our findings are 

consistent with data from previous studies, supporting the link between executive 

functions and QoL in children. Further research, however, should investigate the 

percentage of impairment to determine whether the relationship depends on executive 

functions difficulties.  

1.2. Gross motor function   

In addition to executive functions, motor function was identified as a significant predictor 

of total QoL Score. These findings align with the prior links between gross motor function 

and QoL (Badia et al., 2016; Beckung et al., 2008; Böling et al., 2016; Chen et al., 2014; Liu 

et al., 2009; Majnemer et al., 2007; Park, 2017; Rapp et al., 2017). Furthermore, multiple 

studies have emphasized the relationship between QoL and motor functioning, assessing 

QoL through the CP QoL questionnaire and adopting a biopsychosocial approach that 

considers clinical, demographic, and psychosocial variables (Badia et al., 2016; Böling et 

al., 2016; Chen et al., 2014; Power et al., 2020). Recently, Power et al. (2020) reinforced the 

idea that QoL can be explained by various clinical (hearing and speech impairment), 

demographic (sex), and psychosocial (type of schooling, mother’s education, primary 

caregiver depression, and stress) factors, highlighting the role of gross motor function.  

2. Factors associated with specific domains of quality of life: visual perception, 

Autism Spectrum Disorder, and parental stress.  

Our findings indicate that executive and gross motor functions are not the only predictors 

of QoL. Visual perception, ASD traits, and parental stress were the explanatory variables 

for specific QoL domains.  

2.1. Visual perception and quality of life  

Our work showed that visual perception has a significant impact on the Access to 

Services domain. However, contrary to our initial hypothesis, we did not observe a direct 

association between visual perception and overall QoL. To date, only one study has 

investigated the relationship between visual perception and QoL in individuals with CP 

(Mitry et al., 2016). Interestingly, Mitry et al. (2016) reported that visual perception was an 

exploratory variable in the total QoL score in a sample where 53% of children had VPIs. In 

our study, we specifically focused on mild to moderate cases of CP, with only 
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approximately 12% of children presenting with VPIs in the object/recognition domain and 

40% in visual spatial perception. Thus, our research found a lower impairment than 

expected in children with CP (Ego et al., 2015; Pueyo et al., 2009). This lower prevalence 

in our study may explain why we did not observe a direct association between visual 

perception and total QoL score.  

Moreover, when comparing our study with Mitry et al. (2016), it is important to note the 

following differences in QoL and visual perception measures. Mitry et al. (2016) assessed 

QoL through a generic questionnaire, while we used a QoL questionnaire specifically 

designed to cover well-being in the CP population. Furthermore, the visual attention and 

recognition/navigation domains of the Insight questionnaire were related to overall QoL 

in Mitry et al.’ (2016) study. The domains that were related to QoL in Mitry et al.’s (2016) 

study differed from those assessed in our study (Tsirka et al., 2020). Nevertheless, measures 

similar to ours (Tsirka et al., 2020), such as the Lea Mailbox (Williams et al., 2015) and the 

perception of the movement domain from the Insight questionnaire (Macintyre-Beon et 

al., 2012), were not significant predictors of QoL.  

Therefore, replicating our study with a larger sample size and encompassing the entire 

visual perceptual spectrum would be beneficial in determining whether the factors 

influencing QoL are consistent or differ across the whole spectrum of CP. As in the case of 

executive functions and considering evidence, it would be interesting to assess the various 

domains that encompass visual perception and consider rating scales as complementary 

to the diagnosis of VPIs, as well as its impact on QoL in each individual case.   

2.2. Autism Spectrum Disorder  

Our study found that ASD traits alone explained the Participation and Physical Health 

domain, which is a significant finding due to no previous study has explored the effects 

of ASD traits on the QoL of individuals with CP. These results are in line with earlier 

research in the field of ASD (De Vries & Geurts, 2015), which demonstrated that ASD traits 

can influence multiple domains of QoL, including the physical domain, as was observed 

in our study’s observations. Consequently, difficulties in social communication may hinder 

participation in everyday activities at school, in sports, and within the community. 
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In our sample, the prevalence of ASD traits was around 16%, whereas other recent studies 

have estimated that it occurs in approximately 30% of CP cases (Påhlman et al., 2021). 

Although our sample had a lower prevalence of ASD, it is notable that ASD traits were 

significantly correlated with the CP QoL total score. However, when introduced into the 

multiple linear regression model of the Cp QoL total score, ASD traits were not a significant 

explanatory variable. Nevertheless, further research should investigate its role using a 

sample with a higher prevalence of ASD and CP.  

Furthermore, considering the high prevalence of ASD in the CP population and its 

implications for physical well-being, it is crucial to consider and assess the presence of 

ASD symptomatology, especially when proposing interventions.   

2.3. Parental stress 

The results of this study showed that parental stress influences Social Well-being and 

Acceptance domain. The identification of parental stress as a factor that influences QoL 

in children with CP has been demonstrated in other studies (Power et al., 2020; Rapp et 

al., 2017). Parental stress represents the level of dysfunction in the parent-child system 

related to parents’ functioning and its level is significantly higher in children with CP than 

in typically developing children (De Gaetano et al., 2022). Morever, higher levels of parental 

stress have been associated with lower QoL in children with CP (Harris, 2021; Sentenac et 

al., 2021; White-Koning et al., 2008). Previous studies (Power et al., 2020; Rapp et al., 2017), 

including our work, found an association between parental stress and QoL using a proxy-

reported version of the CP QoL questionnaire. However, possible parent-child 

discrepancies in QoL ratings (Makris et al., 2021) suggest that future research should 

include a multi-informant approach in which both the child and their caregivers’ 

experiences are recollected to assess QoL.  

Furthermore, De Gaetano et al. (2022) showed that parental stress in children with severe 

neuromotor disability is correlated with the level of cognitive and behavioural disability, 

rather than motor severity. Considering the importance of parental stress in QoL, strategies 

to decrease stress levels in caregivers of children with CP should be applied because it 

would have beneficial effects in children and their families.  
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3. Neuropsychological variables without a significant role in quality of life 

Contrary to our initial hypothesis, we found no significant association between general 

intellectual functioning and QoL in our sample of children with CP. Previous studies have 

found that general intellectual functioning may be an explanatory variable for CP. 

However, it is important to note that the results between studies are difficult to compare 

due to the variations in estimating the general intellectual functioning. Some studies 

relied on parental interviews (Badia et al., 2016; Rapp et al., 2017), whereas others utilized 

registry data (Jiang et al., 2016) or combined different measures, such as parent interviews 

and formal assessments (Arnaud et al., 2008). In addition to heterogeneity in the 

assessment, none of the children in our sample scored below 70, which is considered an 

indication of ID, and only 7% of the sample had an IQ score of 75. However, earlier studies 

reported that approximately half or more of participants presented with ID (Arnaud et al., 

2008; Badia et al., 2016; Jiang et al., 2016; Rapp et al., 2017). 

 

Nevertheless, our work aligns with studies that have shown no relationship between 

general intellectual functioning and QoL (Laporta-Hoyos et al., 2017; Power et al., 2020). 

These studies, with a biopsychosocial approach, including several variables found that 

general intellectual functioning was not related to CP QoL. The findings of Laporta-Hoyos 

et al. (2017) demonstrated that general intellectual functioning was not an explanatory 

variable of QoL in adults with dyskinetic CP. Similarly, we utilized the performance-based 

test Raven’s Coloured Progressive Matrices, as Laporta-Hoyos et al. (2017). Although 

Laporta-Hoyos et al. (2017) found a positive correlation between IQ and specific 

subdomains of QoL, it was not an explanatory variable in multiple linear regression 

models. This correlation may be partially attributed to the fact that the sample in their 

study had lower general intellectual functioning (mean = 87.04, SD = 26.31) than ours 

(mean = 97.67, SD = 12.57). Notably, both studies identified executive functions as 

explanatory variables for several QoL measures, further supporting the importance of 

considering specific cognitive functions in CP, particularly executive functions.  

 

To the best of our knowledge, no earlier studies have considered the relationship between 

memory and QoL. However, contrary to expectations, Study 2 did not find memory to be 

an explanatory variable for QoL. A previous study on children with epilepsy found a 
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significant association between verbal memory and QoL, indicating the need for further 

investigation into the role of memory in the CP population. Additionally, our study only 

included verbal and visual long-term memory, and future work should explore the effects 

of immediate memory and learning on QoL in children with CP.   

4. The relevance of identifying quality of life determinants  

To enhance children’s well-being, it is crucial to determine the factors that contribute to 

QoL. The identification of these factors should guide interventions and, consequently, 

resource prioritization. In the context of CP, it has become evident that interventions 

aimed at increasing QoL should primarily focus on executive functions.  

This thesis highlights the importance of neuropsychological, clinical, and psychosocial 

variables in the QoL of children with CP. Regarding neuropsychological aspects, it is 

important to consider that executive functions, visual perception, and ASD traits are good 

predictors of QoL. Executive functions play a crucial role in the QoL of individuals with CP, 

impacting their lives throughout their lifespan. This emphasizes the importance of 

assessing and addressing executive functions in both children and adults. Research on CP 

has determined the influence of executive functions in children aged eight and above. 

However, there is a lack of evidence regarding the influence of these cognitive functions 

in early childhood. Therefore, further research should be conducted during early 

childhood to determine whether executive functions should be considered relevant from 

the earliest stages of life. In addition, gross motor function plays an important role in the 

QoL. The results also demonstrate the relevance of the biopsychosocial approach in 

determining the well-being of individuals with CP, and consequently, the need for 

multidisciplinary work to improve QoL.  

The ICF framework is becoming increasingly important in the QoL field. Based on this 

model, Almasri and Alquaqzeh (2023) conducted a systematic review to summarize the 

determinants of QoL in children with CP. The authors reported several factors that 

influence each component of ICF: (1) body function and structure: CP type, child’s 

behavioural difficulties, and the presence of pain, hearing, and speech impairments in the 

body; (2) activities: gross motor and fine motor functions, sleep difficulties, physical activity, 

and walking performance, or poor social interaction and communication skills; (3) 

participation in leisure activities and daily habits; and (4) personal factors: age, child’s 
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motivation to perform tasks, and child’s comfort and emotions. Additionally, 

environmental factors, such as parental stress and depression levels, family coping 

patterns, mother’s age, and education level, also influence QoL. Applying an ICF 

framework to classify the significant determinants of QoL with reference to the systematic 

review conducted by Almasri and Alquaqzeh (2023), we can add the following 

components that influence QoL: (1) body function and structure: executive functions, 

visual perception, and ASD traits; (2) activities: gross motor function; and (3) environmental 

factors: parental stress.  
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FAR TRANSFER EFFECTS OF EXECUTIVE FUNCTION INTERVENTIONS IN PEOPLE WITH 

CEREBRAL PALSY  

 
The results of Studies 1 and 2 suggest the possibility of executive function intervention as 

a treatment for enhancing cognitive function and QoL in children with CP. However, 

further research is needed to optimise the effects of cognitive interventions on CP. This 

aim was covered by Study 3, in which the final goal was to explore the potential far transfer 

effects of home-based computerized executive function interventions on other cognitive 

functions (memory and visual perception) and various aspects of daily life (QoL and 

participation). Additionally, long-term effects were assessed by examining whether the 

intervention’s benefits persisted after a nine-month period and whether any delayed 

effects emerged.  

1. Near and far transfer effects, what are more usual 

Study 3 showed far transfer effects on specific domains of memory and visual perception 

after an executive function intervention in children with CP. Specifically, verbal immediate 

memory, verbal learning, and object/picture recognition improved after 12 weeks of the 

intervention. However, no beneficial effects were reported in visual memory, visual spatial 

perception, or aspects of daily life such as QoL and participation.  

As seen previously, this thesis is part of the ETCONNECT project, which examined the near 

and far transfer effects of a home-based executive function intervention in a group of 

children with CP. Near transfer effects have been published beyond this thesis (García-

Galant et al., 2023). Before discussing the far transfer effects in detail, it is important to 

consider the near transfer effects. Improvements in all core executive functions (inhibitory 

control, working memory, and cognitive flexibility) were observed in the intervention 

group. These beneficial effects were maintained for up to nine months after the 

intervention. Regarding higher-order executive functions and executive functions in daily 

life, no improvements were observed after the intervention or at the 9-month follow-up. 

Alongside changes in core executive functions, social cognition also improved, with 

follow-up effects observed over the same period (García-Galant et al., manuscript in 

preparation).  
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In summary, improvements in near (core executive functions and social cognition) and far 

(verbal memory and visual perception) transfer effects were obtained through a home-

based executive function intervention. Follow-up results indicated that whereas near 

transfer effects were maintained 9 months later, no far transfer effects remained. These 

results demonstrate that nearly all trained cognitive functions showed significant 

improvements and remained. The results obtained are in line with previous studies, 

indicating that near transfer effects are much more common than far transfer effects 

(Bombonato et al., 2023; Kassai et al., 2019; Luis-Ruiz et al., 2020; Melby-Lervåg & Hulme, 

2013; Sala et al., 2019). Certainly, the debate on the effectiveness of cognitive interventions 

in achieving far transfer effects remains open. In a second-order meta-analysis, Sala et al. 

(2019) found that the far transfer effects were null or small. On the other hand, Bombonato 

et al. (2023) conducted a meta-analysis to clarify the possibility of the far transfer effect of 

executive function interventions in children with neurodevelopmental disorders 

including ADHD, ASD, and other developmental and specific learning disabilities. Five 

studies included in the qualitative analysis reported improvements in memory, nonverbal 

reasoning, and intelligence. However, only three studies were included in the meta-

analysis, and no statistically significant overall effect size was found. 

Although far transfer effects are less common, researchers and clinicians are interested in 

them, especially in populations with chronic conditions where there is multiple and 

heterogeneous symptomatologies, as in the case of CP. The results obtained in the present 

study appear to be better than those of previous systematic reviews and meta-analyses of 

other paediatric populations (Bombonato et al., 2023; Kassai et al., 2019; Luis-Ruiz et al., 

2020; Melby-Lervåg & Hulme, 2013; Sala et al., 2019). Our results reinforce the results of 

the only RCT published, which, as mentioned earlier had an overall 75% unclear bias, on 

the effects of an executive function intervention in children with CP (Di Lieto et al., 2021). 

Di Lieto et al. (2021) found far transfer effects on inhibitory control, visual perception, and 

phonological processing.  

The fact that we obtained greater far transfer effects compared to prior studies in CP and 

other child populations could be explained by differences among the specific executive 

function interventions used. Previous research has mainly focused on working memory 

interventions, particularly for children (Di Lieto et al., 2021; Sala et al., 2019; Strobach & 

Huestegge, 2017). In contrast, our intervention included working memory, inhibitory 
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control, and cognitive flexibility tasks equally from the beginning of the intervention. 

Additionally, higher-order executive functions and social cognition tasks were included 

from week 7. Although no higher-order executive functions were improved, this type of 

cognitive functions implies the integration of lower-level cognitive processes such as 

memory and could consequently produce changes in these functions. Another aspect 

that should be considered is that executive function interventions seem to be more 

effective in children with neurodevelopmental disabilities than in those without (Oldrati 

et al., 2020), probably due to the presence of cognitive impairments. As mentioned earlier, 

a notable number of participants (42%) exhibited executive dysfunction, with cognitive 

flexibility (38%) and inhibitory control (35%) being the most affected domains (see Annex 

1). The results analysed in relation to the number of participants who transitioned from 

the clinical impairment category to the unaffected were considered insufficient for 

drawing conclusive findings. Children in the intervention group may show significant 

improvement without transitioning to the unaffected group, due to their score are not 

situated proximal to the cut-off. Thus, using the initial Z-scores may help capture the 

continuous and cumulative effect of the intervention, helping us uncover any noteworthy 

improvements that may have occurred in intervention group compared to waitlist group. 

The improvements observed in untrained cognitive functions can be explained in two 

ways. First, interventions for these impaired functions can lead to improvements in other 

cognitive functions that are not directly targeted. Second, improvements in executive 

functions themselves can also create transfer effects, thus benefiting these untrained 

functions. It is worth noting that the presence of executive dysfunction in our sample, as 

seen in other neurodevelopmental disabilities (Oldrati et al., 2020), may partially 

contribute to the promising results compared to those reported in previous studies (Kassai 

et al., 2019; Melby-Lervåg & Hulme, 2013; Sala et al., 2019).  

In summary, the results of the RCT (Study 3) demonstrated that executive functions 

interventions improved non-trained cognitive functions. Thus, beneficial effects in specific 

domains of memory and visual perception were observed after 12 weeks of intervention. 

Nevertheless, these beneficial effects were not maintained 9 months after the completion 

of the intervention, probably due to the necessity of a booster dose or perform a more 

ecological intervention. The findings of Study 3 appear to address the initial objectives of 

this thesis, and executive interventions may offer promising treatments for optimising the 
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effects of interventions to improve cognitive function in individuals with CP. In the 

following section, the obtained far transfer effects are discussed in detail.   

2. Far transfer effects on memory skills  

To the best of our knowledge, Study 3 is the first to examine the effects of a cognitive 

intervention on verbal memory in individuals with CP. Our results showed that immediate 

verbal memory and verbal learning improved after 12 weeks of a home-based executive 

function intervention in children with CP. These findings are in line with those of previous 

studies on other child populations (Acosta et al., 2019; Løhaugen et al., 2011).  

The observed changes in immediate verbal memory are not surprising, considering their 

close association with working memory. The Baddeley et al. model (1998; 2011) 

emphasizes the significance of immediate memory (referred to as short-term memory in 

the Baddeley model) in the working memory system. The findings from the ETCONNECT 

project revealed results regarding the interrelationship between near and far transfer 

effects. Initially, no immediate improvements in verbal working memory were observed 

after the intervention. However, it is worth noting that an enhancement in verbal working 

memory was observed nine months later. In contrast, significant improvements in 

immediate verbal memory were evident immediately after the intervention. These 

findings could suggest a potential interplay between immediate memory and working 

memory, indicating a possible transfer effect. Gradual improvements in immediate verbal 

memory might enhance the mechanisms underlying working memory over time, leading 

to delayed effects. Considering Baddeley et al. ’s model (1998; 2011) of working memory, 

the debate remains open regarding whether immediate verbal memory should be 

considered a near or far transfer effect. Certainly, the memory is not trained directly and 

is considered a far transfer effect. However, the interrelationship between working 

memory and memory is evident, and the effects obtained in immediate memory are 

difficult to consider at the same level of the transfer effect as in other cognitive functions. 

In this way, it is not so far far and we could think that the effects obtained are between 

the near and far transfer effects. Consequently, immediate memory improvements could 

be a midd or intermediate transfer effect. Although the idea of effects between near and 

far effects has not been explored sufficiently in cognitive interventions, some authors have 

used the intermediate term to categorize these effects (Melby-Lervåg et al., 2016). 
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Transfer effects were observed in verbal learning. These improvements are of special 

relevance because of the implication of this function in the acquisition of new information 

and knowledge and, consequently, its repercussions in school settings (Smith, 2009). 

Nevertheless, no changes in long-term memory have been reported. This can be explained 

by the fact that long-term memory is a complex and slow process that requires 

considerable time to produce improvement (Cowan, 2008). Executive functions, 

particularly working memory, play an important role in transferring information from 

sensory inputs to immediate memory, and are closely involved in the learning of novel 

information (Baddeley, 2012; Vander Linden et al., 2019). Previous studies have found that 

better working memory is associated with better long-term memory performance (Cotton 

& Ricker, 2022). Thus, it is likely that longer interventions with subsequent improvements 

in working memory and learning could translate to better long-term memory 

performance. Although no significant differences were found in long-term memory, it is 

notable that despite the lack of statistical significance, the intervention group showed 

higher scores in both verbal and visual long-term memory than the control group in 

follow-up assessment, and even higher than their immediate post-intervention scores. The 

baseline performance was considered in the statistical analysis to avoid the influence in 

the results. In general, cognitive performance was worse in the waitlist control group 

compared to the intervention group, but baseline differences were only statistically 

significant between groups in Arrows and Memory for Designs (NEPSY-II). Enhancing long-

term memory can be a complex process, but cognitive interventions, particularly those 

targeting executive function, show promise as potential treatments.   

3. Far transfer effects on visual perception  

After 30 hours of intervention, participants showed significant enhancements in visual 

perception, particularly in the object/picture recognition dimension. These findings are 

noteworthy considering the high prevalence of VPIs in individuals with CP (Ego et al., 

2015). Visual perception difficulties are associated with academic and motor problems in 

individuals with CP (Critten et al., 2018, 2019; James et al., 2015a). Specifically, 

impairments in object/picture recognition have been linked to facial expression and 

reading difficulties (McKillop et al., 2006; Philip & Dutton, 2014). Additionally, it is 

important to note that visual perception affects the QoL. As demonstrated in Study 2, the 

object/facial recognition domain was identified as a relevant variable within the Access to 
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Services domain. Mitry et al. (2016) further highlighted the influence of visual perception 

on the overall QoL of children with CP.  

 

Another important aspect to consider is that the intervention was delivered through a 

computerized program. The results obtained align with those of Study 1 and previous 

research on computerized interventions (Oldrati et al., 2020), suggesting that cognitive 

tasks administered via computerized programs enhance visual perception. Technological 

devices have shown superior effectiveness compared with paper-based interventions in 

studies investigating visual perceptual interventions (Chen et al., 2013; Park & Park, 2015; 

Wu et al., 2022). Chen et al. (2013) found that computerized group and individual training 

were more effective than paper-based interventions in improving the visual perception of 

children with developmental delay. Similarly, Wu et al. (2022) reported significant 

increases in visual perceptual performance in a computerized intervention group; 

however, these improvements were not statistically significant in a standard rehabilitation 

group. This could be attributed to the more engaging experience provided by 

computerized interventions, which enhances participant motivation and engagement. 

 

Visual perception encompasses a wide range of dimensions, including object/picture 

recognition, visual spatial perception, visual discrimination and matching, figure-ground 

perception, motion perception, and visual short-term memory (Ben Itzhak et al., 2021). 

The neuropsychological assessment performed in this study focused on object/picture 

recognition, visual spatial perception, and visual short-term memory, with improvements 

observed in object/picture recognition. These dimensions are commonly evaluated in the 

clinical and research settings. In fact, object/picture recognition and visual spatial 

perception are among the most discriminating dimensions between CVI and no CVI (Ben 

Itzhak et al., 2021). However, as mentioned earlier, children with CP present a wide 

spectrum of visual perceptual profiles with varying impairments in each case. 

 

Professionals have emphasized the necessity of employing an extensive battery of visual 

perceptual tests to comprehensively assess the range of strengths and deficits within each 

child’s profile (Ortibus et al., 2019). Tests such as the Test of Visual Perceptual Skills–Third 

Edition (TVPS-3) (Martin & Gardner, 2006), the Beery-Buktenica Developmental Test of 



 
   
 

 
 

 
 

209 

Visual-Motor Integration-Sixth Edition (Beery-VMI-6) (Beery, 1997) and motion perception 

tasks (Van der Zee et al., 2019) could be useful for targeting visual perceptual profiles. 

However, it should not be forgotten that assessing both near and far transfer effects on 

cognitive function requires extensive neuropsychological assessments.  

 

Recently, advancements have been made in the field of visual perceptual intervention, 

including the development of individualized and adaptive mini-games aimed at targeting 

visual perceptual skills (Ben Itzhak et al., 2022). Although no results from these 

interventions have yet been published, these new developments will allow firm 

conclusions to be drawn regarding the common features with executive function 

interventions. Moreover, further research will provide insights into tasks that should be 

included in home-based executive function interventions for children with CP to enhance 

the multiple dimensions of visual perception and maintain improvements over time.  

 

Improvements in visual perception were observed after the intervention, but no direct 

benefits were observed 9 months later in Study 3. This could be explained by the fact that 

the follow-up 9 months after the intervention was a long period for an intervention of 12 

weeks, when no posterior booster dose was administered. Although long-term effects and 

potential non-cognitive improvements are discussed in detail in the next section, visual 

perceptual improvements could remain, including additional sessions once the 

intervention was completed, known as booster dose, or even including tasks more related 

to visual perception.  

 

4. Far transfer effects on daily life  

To the best of our knowledge, Study 3 is the first study to investigate the effects of 

cognitive intervention on daily life in people with CP. However, contrary to our initial 

assumptions, executive function intervention did not result in significant improvements 

in QoL of children with CP. These findings are consistent with those of previous studies 

conducted in different populations (De Vries et al., 2015; Dovis et al., 2015). For example, 

De Vries et al. (2014) found no transfer effect of executive function interventions on QoL 

in children with ASD, whereas Dovis et al. (2015) reported no significant post-intervention 
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or follow-up improvements in children with ADHD. Moreover, the intervention group in 

our study did not show an increase in participation compared to the waitlist control group. 

 

Nevertheless, recent studies have shown that executive function interventions can 

enhance QoL in paediatric populations with sustained improvements over time (Hahn-

Markowitz et al., 2020; Modi et al., 2021). One possible explanation for the lack of QoL 

improvements could be the absence of changes in executive functions in daily life. Our 

cross-sectional study (Study 2) demonstrated that behavioural manifestations of executive 

function in everyday life were associated with QoL. However, our RCT results indicated that 

these behavioural manifestations of executive function in everyday life, as measured by 

BRIEF-2, did not improve after the intervention (García-Galant et al., 2023). Similarly, De 

Vries et al. (2015) found a relationship between BRIEF and QoL in children with ASD, but 

their subsequent RCT investigating working memory and cognitive flexibility interventions 

showed no improvements in BRIEF and QoL (De Vries et al., 2015). Dovis et al. (2015) also 

reported no improvements in BRIEF or QoL in children with ADHD in their post- and 

follow-up assessments.  

 

The nature of the training tasks used in the intervention may have contributed to this lack 

of change. While some tasks were designed to resemble aspects of daily life, such as 

preparing the backpack, others were less ecologically valid, such as the space conquest 

task. For instance, in preparing the backpack task, the child had to prepare their backpack 

for school by selecting only the necessary material for that day, whereas the space 

conquest was a spaced-themed task involving jumping between different moving planets 

until arriving at the destination. The inclusion of several tasks that were less ecological 

may have hindered the transfer of intervention effects to daily life, including executive 

functions in everyday life. Thus, it is crucial to incorporate tasks that are closely related to 

real-life situations in order to facilitate the transfer effect to other measures. A study of an 

ADHD population showed that improvements in QoL were obtained with an executive 

function intervention supplemented by tasks related to daily activities (Hahn-Markowitz 

et al., 2020).  
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Furthermore, QoL and level of participation in children with CP are influenced by various 

factors. Hence, it is crucial to consider certain environmental factors, such as parental 

stress, because it seems they play a significant role in influencing the QoL of children with 

CP, as observed in Study 2. Although we included parental stress as a potential covariate 

in the ANCOVA, it is imperative that interventions address additional aspects, including 

parental stress, to make a meaningful impact on daily life.  

 

Discrepancies in the effectiveness of cognitive interventions in improving these outcomes 

highlight the need for further investigation in this field. Interventions to enhance QoL and 

participation of children with CP should include ecologically valid tasks, effectively target 

executive functions in daily life, and consider other additional factors.  

 

5. Can cognitive interventions in children with cerebral palsy achieve “long-far” term 

effects? 

Our results indicate that the far transfer effects on visual perception and memory were 

not maintained after a nine-month period. Additionally, no delayed effects on cognitive 

or non-cognitive functions were observed after the same timeframe. However, the near 

transfer effects of the ETCONNECT project demonstrated the maintenance of all core 

executive functions (García-Galant et al., 2023) and social cognition (García Galant et al., 

manuscript in preparation) even after nine months. It is important to note that, if there 

are few studies on the far transfer effect of cognitive interventions, the number of studies 

investigating the long-term effects is even more limited (Bombonato et al., 2023).  

 

Study 1 of this thesis revealed a gap regarding the follow-up effects of cognitive 

interventions and, moreover, in general in interventions with an impact on cognitive 

functions in the CP population. Study 3 was the first to investigate the long-term effects 

of cognitive interventions on CP. These results are not in line with earlier findings 

(Grunewaldt et al., 2013, 2016; Løhaugen et al., 2011) in which far transfer effects on 

memory were maintained during follow-up assessment. One possible explanation for the 

differences in results between studies is the variation in the follow-up assessment periods. 

Løhaugen (2011) and Grunewaldt (2013, 2016) conducted follow-up assessments after 6 

and 7 months, respectively, while our assessment was not performed until 9 months after 
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the intervention (García-Galant et al., 2020). This longer period between the intervention 

and follow-up assessment may have contributed to the lack of maintained effects in our 

case. Long-term effects are essential for confirming the effectiveness of training (De Vries 

et al., 2015).  

 

Various strategies can be employed to maintain these improvements. On the one hand, 

administer a booster dose one period after the intervention is completed. Given that 

previous studies have reported follow-up effects around six months after the intervention 

(Grunewaldt et al., 2013, 2016; Løhaugen et al., 2011), it would be interesting to investigate 

the follow-up effects on non-trained cognitive functions at three and six months after the 

intervention ended. This could help determine the moment at which the effect is lost and 

anticipate the administration of a booster dose. On the other hand, further research 

should explore the effects of executive function interventions that primarily focus on core 

and higher-order executive function tasks, while also incorporating visual perception and 

memory tasks in a minor way. This research could determine whether this approach leads 

to major optimisation of beneficial effects as well as its maintenance, thus implying less 

fatigue and required resources.  

 

6. Is the future of home-based computerized executive function interventions 

promising? 

The intervention was implemented using a computerized program at home. First, 

computer-based interventions have proven to be highly cost-effective compared to 

traditional individual-directed therapy sessions (Sandgreen et al., 2021). In today’s digital 

era, there is increasing emphasis on the use of technology, supported by a growing body 

of literature demonstrating the effectiveness of computerized cognitive interventions in 

children with neurodevelopmental disabilities (Oldrati et al., 2020). These interventions are 

crucial for two main reasons: first, they effectively train specific skills with interactive 

feedback and facilitate their improvement, and second, they are present in an attractive 

way, enhancing motivation and maintaining engagement. To further enhance the 

potential of cognitive interventions, it is important to incorporate more immersive and 

attractive therapy environments such as virtual reality systems (Boato et al., 2022; Vacca 

et al., 2023). These types of interventions allow the remote treatment of cognitive function.  
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Second, our intervention was home-based and had several positive aspects. Home-based 

interventions in diseases, such as CP, eliminate barriers between the person and 

treatment. Additionally, the context in which treatment is applied is meaningful because 

the realization of intervention in natural environments, such as home or school, enhances 

engagement, and at the same time, research has evidenced the possibility of transferring 

to daily life aspects (Beckers et al., 2020; Novak et al., 2009). Although no far transfer effects 

were found in daily life, improvements can be made considering the aspects discussed 

earlier, Beckers et al. (2020) conducted a systematic review to assess the feasibility and 

effectiveness of home-based occupational and physiotherapy programs in children with 

CP. The results of the included studies indicate that home-based training programs are 

feasible. The key elements of the effectiveness of interventions were the intensity of the 

intervention and parents’ implications (Beckers et al., 2020). Parents play an important 

role in home-based interventions and become active participants in their children’s 

therapy (Boato et al., 2022). Otherwise, parents’ responsibilities may hinder their 

participation in and follow-up with the therapy. Hence, effective coaching by therapists 

can help parents become more confident in carrying out the program and make it easier 

to implement in their daily routines (Beckers et al., 2020).  

Combining the advantages of home-based interventions with computerized devices can 

provide a comprehensive treatment for CP. In summary, home-based computer gaming 

is a feasible, safe, cost-effective, and attractive executive function intervention with the 

active role of families. Further research is required to investigate the effects of immersive 

intervention in severe cases.   
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STRENGTHS, LIMITATIONS AND FURTHER RESEARCH 

In addition to what has already been mentioned in the articles and in this discussion, here 

we highlight the most remarkable points of the present work. This thesis has some 

strengths to consider. This work represents a step forward in the current knowledge 

regarding optimising interventions to improve cognition in individuals with CP applicable 

to clinical, educational, and research settings. The application of different designs, 

including a systematic review, a cross-sectional study and an RCT, allows for a better 

understanding of the available interventions. The systematic review conducted in the field 

of interventions with an impact on cognitive functions provided an overview of the state-

of-the-art. The use of international guidelines (such as PRISMA, Cochrane Collaboration’s 

risk of bias, and CEBM guidelines) resulted in a rigorous search strategy and assessment 

of the quality of evidence. The use of cross-sectional and RCT designs enabled us to 

establish the relationship between cognitive variables and QoL while also exploring the 

causality of interventions on cognitive function improvement. In terms of assessment, we 

conducted an extensive neuropsychological assessment by a researcher who was blinded 

about group assignment during the project. Moreover, the tests were carefully selected to 

reduce any influence from motor severity or time constraints, ensuring minimization of 

possible biases by the non-cognitive aspects associated with CP. Furthermore, we 

employed condition specific QoL and participation questionnaires designed for 

populations with CP. 

Interventions for CP can be challenging because of the high burden on the child and their 

family, along with motor restrictions that hinder visits to the health centre for treatment. 

A home-based intervention tailored to each participant’s performance and including 

numerous games targeting specific executive functions helps professionals increase 

engagement, reduce costs, adapt to the routine, individualize treatment, and 

consequently achieve greater improvements. Following the Cochrane Collaboration’s risk 

of bias tool, our RCT had a low risk of bias in the categories of random sequence 

generation, allocation concealment, blinding of outcome assessment, and selective 

reporting outcomes. The overall low of bias in our study represents an improvement in the 

methodology of cognitive interventions in CP compared to the previous one (Di Lieto et 

al. 2021) in which the overall risk of bias was unclear. The low risk of bias in our study 
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represents an improvement in the methodology of cognitive interventions for CP and 

increases the validity and reliability of our study results. 

 

The strengths mentioned are accompanied by some limitations that should be taken into 

account. One limitation was the characteristics of the participants. Most participants 

involved in the three studies had mild-to-moderate motor severity, with spastic CP being 

the most prevalent type. While the generalization across the CP spectrum is limited, 

including mild to moderate cases in Studies 2 and 3, it helped homogenize the sample 

characteristics and the effective time of the cognitive intervention among participants. 

Furthermore, in Study 1, only published literature was included, thus limiting the inclusion 

of interventions reported in grey literature that might be effective in improving cognition, 

which is not evidenced in the present thesis. The visual perceptual assessment in the 

cross-sectional and RCT studies (Studies 2 and 3) was also limited to specific domains of 

this cognitive function, hindering analysis of the possible relationship between other visual 

perceptual domains and QoL, or their improvement after the executive function 

intervention. Another limitation is that participants and their families were unblinded to 

their assignment to either intervention or waitlist control group. This was necessary 

because of difficulties in conducting a study involving suitable passive cognitive 

interventions. Passive cognitive interventions are challenging to implement without 

incorporating tasks that require a certain level of executive function.  

 

In general, the findings obtained in the present thesis raise the need for further research 

to explore the far transfer effects of executive function interventions. Firstly, the effects of 

these interventions on other cognitive and non-cognitive functions, should be examined 

using the ICF framework. Understanding the impact of cognitive interventions on different 

aspects of individuals with CP is of special relevance to determining which intervention is 

the most effective in this population. Recent research (Duarte Machado et al., 2023) has 

investigated the effectiveness of interventions across ICF domains, and further research is 

needed in this field. From a neuropsychological approach, it would be of particular interest 

to explore the effects on other cognitive functions, such as general intellectual functioning 

or language. Additionally, the beneficial effects observed in mild-to-moderate CP research 

raises the need for future work to examine the far transfer effects on the most severe cases. 
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Future works should include tools that facilitate the assessment and intervention of severe 

cases. Nowadays, neuropsychological assessments in severe cases imply the need to 

conduct some adaptations to the tools, and in some cases these changes are not enough 

to evaluate the individual with CP (Stadskleiv et al., 2021). Consequently, further research 

should guide which test should be administered and may feasible the use of relatively 

new techniques such as eye-tracking. Severe cases of CP are associated with higher 

cognitive impairments and it is crucial to determine whether more pronounced benefits 

could be obtained. While some studies have considered the inclusion of an active control 

group as an advantage, others have viewed it as a disadvantage, leading to an ongoing 

debate on the subject. Beliefs and expectations play a significant role in the effectiveness 

of control groups in research studies (Au et al., 2015, 2020; Melby-Lervåg et al., 2016; Melby-

Lervåg & Hulme, 2013; Tsai et al., 2018). To address this issue, further research is necessary 

to identify and quantify any non-specific effects of interventions that may exist, such as 

placebo effects, participants’ characteristics, and other influences. Neuroplasticity is 

crucial for the rehabilitation process and can provide a better understanding of the impact 

of cognitive interventions on individuals with CP (Pereira et al., 2018). Consequently, 

further research should include neuroimaging studies to determine the changes in brain 

connectivity in children with CP after cognitive interventions. A major comprehension of 

far transfer effects is possible after investigating the brain changes underlying to 

intervention.  

 

Finally, in line with obtaining greater optimisation of intervention in CP, further research 

should explore the inclusion of booster doses and more ecological interventions to 

investigate the possilibity of obtaining long-term far transfer effects on cognitive functions 

as well as their impact on well-being.  
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CONCLUSIONS 
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The main conclusions of the thesis can be summarized as follows:  

I. Available evidence shows that the interventions proposed to assess their effects on 

cognitive functions in CP are mainly physical interventions. These physical 

interventions enhance general cognitive functioning and the inhibitory control 

domain of executive functions. Interventions that combine physical and 

computerized cognitive tasks (multi-modal interventions) improve other cognitive 

functions such as visual perception.  

II. Among the scarce cognitive interventions available for CP, interventions targeting 

executive functions stand out due to obtaining near transfer effects on a major 

number of core executive functions in children with CP.  

III. A home-based computerized executive function intervention of 12 weeks, with 

sessions lasting 30 minutes per day, 5 days per week, is effective in obtaining far 

transfer effects not only in visual perception but also in memory in children with 

CP.  

IV. Applying the ICF framework, our results indicate that the determinants of QoL 

include body function and structure, activities, and environmental factors. In 

particular, executive functioning plays an important role in the QoL of children with 

CP, influencing both the overall and specific QoL domains. In addition to executive 

functions, gross motor functional status is a significant explanatory variable for the 

overall QoL of children with CP. Visual perception, ASD symptoms, and parental 

stress are explanatory variables for the specific QoL domains.  

V. Until now, interventions targeting executive functions have not improved the well-

being of children with CP (quality of life and participation in daily activities).  

VI. A home-based computerized executive function intervention fails to produce long-

term far transfer effects on cognitive functions and well-being in children with CP.  

To sum up, the results of this thesis emphasize the importance of considering executive 

functions to optimise interventions in CP population. Among cognition, executive 

functions play the most relevant role in the QoL of children with CP. A home-based 

computerized executive function intervention produces far transfer effects on other 

cognitive functions. New insights should explore ways to maximize these far transfer 

effects over time and achieve impact on the well-being across the CP spectrum. 
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Table 1. Participants with cognitive impairments in intervention and waitlist control groups.      
Cognitive function Measure Baseline Post Follow-up   Baseline Post Follow-up 

n % n % n % n % n %   n % 
Memory              
   Immediate memory, verbal Digit Span Forward – WISC-V 3 10 3 10 3 10   6 20   8 28   9 30 
   Immediate memory, visual Spatial Span Forward – WNV 8 27 6 20 7 23 10 33 10 33 10 33 
   Learning, verbal Word Selective Reminding – 

TOMAL 
6 20 4 13 4 13 16 53 10 33   9 31 

   Learning, visual Memory for Designs – NEPSY-II 11 38 7 24 5 17 18 60 17 57 11 41 
   Long-term memory, verbal Word Selective Reminding 

Delayed – TOMAL 
 2 6.7 1   3 2   7   7 23   8 27   5 17 

   Lonong-term memory, visual Memory for Designs Delayed – 
NEPSY-II 

11 39 8 28 6 21 17 57 16 53 10 38 

Visual perception              
   Object recognition Facial Recognition Test 2 6.7 4 13 1   3 4 13 5 17 2 7 
   Visual spatial perception Arrows – NEPSY-II 8 27 7 23 9 30 16 53 15 50 13 46 
Notes. Impairment was determined by considering a Z-score < -1.5. 

 
Abbreviations. NEPSY-Second Edition, A Developmental NEuroPSYchological Assessment-II; TOMAL, Test of Memory and Learning; WISC-V, Wechsler 
Intelligence Scale for Children-Fifth Edition; WNV, Wechsler Non-Verbal Scale of Ability. 


