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Supervisors:  Cindy Carlson and Rachel Robillard 

 

This study examined processing speed and executive function late effects in 

survivors of pediatric ALL (hereafter referred to as Survivors).  Late effects are long-

term, treatment-related health problems associated with the neurotoxic side-effect of 

cancer treatment on brain development.  Processing speed —mental and motor speed 

with which a person can solve nonverbal problems — was estimated via an composite of 

processing speed attained from several measures of processing speed.  Executive function 

— a collection of processes orchestrated in the performance of purposeful, goal-directed 

behavior — was measured using the Parent and Teacher forms of the Behavior Rating 

Inventory of Executive Function (BRIEF).  This study also explored the effect of 

previously identified risk factors for processing speed and executive function late effects.  

Finally, executive function late effects were further explored via the use of performance-

based measures, including the Tower and Trail Making (Condition 4) tests of the Delis-

Kaplan Executive Function System (D-KEFS).   

Hypotheses included (1) Survivors would demonstrate significantly poorer 

processing speed; (2) late effects risk factor variables (i.e., greater elapsed time since 
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completion of treatment, lower age at diagnosis, and higher intensity of treatment) would 

predict poorer processing speed; (3) female gender would predict poorer processing 

speed; (4) parents and teachers would demonstrate both low interrater agreement 

(Hypothesis 4a) and differ significantly in the severity (Hypothesis 4b) of their ratings of 

Survivor executive function; (5) parent and teacher ratings of executive function would 

indicate significantly poorer Survivor metacognition (Hypothesis 5a), whereas Survivor 

behavioral regulation would not differ significantly (Hypothesis 5b); (6) risk factor 

variables would predict poorer Parent and Teacher ratings of Survivor metacognition; (7) 

female gender would predict poorer Parent and Teacher ratings of Survivor 

metacognition; (8) survivor processing speed and Parent and Teacher ratings of executive 

function would exhibit a positive relationship; and (9) poorer Survivor processing speed 

would predict poorer parent and teacher ratings of executive function. Results provided 

support for hypothesis 1 and 5a. Partial support was obtained for hypotheses 4a, 4b, and 

7. Hypotheses 2, 3, 5b, 6, 8, and 9 were not supported.  
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CHAPTER I: INTRODUCTION 

While cancer is rare in children, there are 1 in 7,000 newly diagnosed cases in the 

United States each year (Ries et al., 1999).  The most common form of childhood 

malignancy between 0–14 years of age is acute lymphoblastic leukemia (ALL), 

accounting for nearly one-third of all pediatric cancers (American Cancer Society, 2006).  

While a diagnosis of ALL was considered almost certainly fatal prior to 1960, advances 

in the field of pediatric oncology have contributed to current expected 5-year event-free 

survival (EFS) rates exceeding 80% for pediatric ALL.  As a result, the majority of 

children diagnosed with ALL are expected to enter survivorship (i.e., EFS remission of 

leukemia) and live well into adulthood (Pui, 2006).   

The introduction of central nervous system (CNS) prophylaxis is widely believed 

to be the major breakthrough responsible for current treatment success (Pui, 2000).  Prior 

to prophylaxis, the CNS was the most common site of relapse following remission.  By 

effectively preventing the recurrence of leukemic cell proliferation in the CNS, incidence 

of disease-free EFS has significantly improved.  Traditionally, CNS prophylaxis has 

consisted of the administration of such neurotoxic agents as (1) cranial radiation therapy, 

(2) chemotherapy (typically methotrexate, administered intrathecally and/or 

systemically), or (3) a combination of the two.  The goal of treatment is to deliver a high 

dose of therapy without causing overwhelming systemic change.  Early studies suggested 

that the systemic effect of radiation exceeded this balance and posed significant risk of 
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prophylaxis-induced neurotoxicity.  Overwhelming findings for significant risk of long-

term sequelae (i.e., late effects) following treatment with radiation has now resulted in a 

therapeutic shift in the past 10 years—from the use of radiation to an almost exclusively 

multimodal approach that may include high-dose chemotherapy and steroids (Moleski, 

2000; Pui, 2006; Roman & Sperduto, 1995).  While this shift has been thought to carry 

milder risk of neurotoxicity with equivalent success in the prevention of CNS relapse, 

questions remain (Buizer, Sonneville, & Veerman, 2009).    

The potential risk of neurotoxicity-induced late effects may be particularly salient 

for children diagnosed with ALL, as the majority of this population is diagnosed and 

begins treatment during neurodevelopmentally sensitive periods of CNS maturation (i.e., 

2–5 years of age).   In fact, younger age at diagnosis has been consistently demonstrated 

to be associated with increased risk of neurocognitive late effects following treatment 

(Moleski, 2000) with children younger than 5 years of age at diagnosis having evidenced 

significantly greater declines in neurocognitive as compared to same-age peers (Buizer et 

al., 2005; Von der Weid et al., 2003; Précourt et al., 2002).  Female gender has been 

demonstrated as another factor associated with increased risk for neurocognitive late 

effects (Buizer et al., 2005a, 2005b; Waber et al., 1996); it is hypothesized that gender 

differences in white matter development (i.e., slower development in females during 

early childhood) may make females particularly vulnerable to treatment-related white 

matter insult (De Bellis et al., 2001).  Additionally, the intensity of treatment has been 

linked to neurocognitive late effects, with particular functional implications for attention 

and visuomotor functioning (Buizer et al., 2005a, 2005b).  It is believed that increased 
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risk is predominantly restricted to high dose, systemic methotrexate; however, 

associations with intrathecal treatment have also been reported (Pui, 2006).  Other 

treatment modalities, such as corticosteroids (e.g., dexamethasone), have also been 

implicated in neurocognitive declines (Waber et al., 2000).  Finally, time elapsed since 

completion of treatment has been associated with late effects as well, with studies having 

demonstrated that sequelae are not likely to become apparent until 4 to 5 years following 

treatment (Brown et al., 1996; Cousens et al., 1988; Mennes et al., 2005). 

Emerging research suggests that treatment of ALL may be associated with diffuse 

reductions in cortical white matter volume and cerebral atrophy, and intracerebral 

calcifications within gray matter have also been implicated (Carey et al., 2008; Dellani et 

al., 2008; Kingma et al., 2001; Waber & Mullenix, 2000).  The white matter of the 

cerebrum is thought to mediate the inter- and intrahemispheric connectivity among 

cortical and subcortical regions of gray matter responsible for the performance of such 

higher cerebral functions as attention, executive function, learning, and speed of 

information processing (Buizer et al., 2005; Kolb & Wishaw, 2003; Schiffer, Rao, & 

Fogel, 2003).  Peaks in cognitive maturation have been shown to correlate with white 

matter development in the prefrontal regions, internal capsule, basal ganglia, thalamic
 

pathways, ventral visual pathways, and the corpus callosum.  For ALL survivors, some 

research suggests particular late effects to the white matter right prefrontal cortex (Carey 

et al., 2008; Reddick et al., 2006), while others have found the temporal lobes, 

hippocampi, and thalami to be affected (Dellani et al., 2008).  Some studies have failed to 

find differences in white matter volume (Hill et al., 2004).  Ongoing white matter 
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maturation during childhood (i.e., organization of white matter association fibers) is 

thought to be essential for speed of cognitive performance (Schmithorst et al., 2002), and 

studies of survivors have linked damage to white matter tracts to declines in various 

domains of neurocognitive functioning, including working-memory, spatial-reasoning, 

speed of information processing, and varying executive functions (Carey et al., 2008; 

Mulhern & Palmer, 2003).   

While the relationship between neurocognitive impairment and structural white 

matter abnormalities in ALL survivors remains a source of debate, recent research 

supports the hypothesis that prophylaxis-induced declines in cerebral white matter 

volumes are linked to the neurocognitive late effects observed in ALL survivors (Reddick 

et al., 2006; Schmithorst, Wilke, Dardzinski, & Holland, 2005).  The expression of late 

effects may be conceptualized within a framework where (a) the administration of CNS 

prophylaxis has a deleterious neurotoxic effect on (b) the neurobiological substrates 

underlying core neurocognitive abilities, resulting in (c) secondary neurocognitive effects 

that may be expressed in the performance of everyday activities of patients (Mulhern, 

2003).  Late effects in ALL survivors following chemotherapy have included observed 

declines in overall intellectual ability (Mulhern, Ochs, & Fairclough, 1992), academic 

performance (Daly & Brown, 2007), memory and learning (Hill, Ciesielski, & Sethre-

Hofstad, 1997), attention and concentration (Lockwood, Bell, & Colegrove, 1999), 

visuospatial skills (Espy, Moore, & Kaufmann, 2001), processing speed (Kaleita, 

Reaman, & MacLean, 1999), and executive functions (Campbell et al., 2009).   
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Despite evidence of neurocognitive late effects in ALL survivors treated with 

dated therapies, research regarding contemporary treatment is limited and equivocal, with 

some studies indicating treatment-related late effects (Anderson, Godber, Smibert, & 

Ekert, 1997; Campbell et al., 2007; Lesnik et al., 1998), while others suggest none 

(Spiegler et al., 2006).   

Our current understanding of the severity and domain specificity of 

neurocognitive late effects in ALL survivors following contemporary therapies remains 

limited (Buizer, Sonneville, & Veerman, 2009).  Two of the least well-understood 

neurocognitive late effects in ALL survivors are processing speed and executive function 

(Campbell et al., 2007).  The term executive function commonly refers to a group of 

more discreet processes necessary in the performance of effective goal-directed activity, 

including planning, organization, metacognition, behavioral regulation, assessment of 

feedback, and adaptation (Anderson, 2002; Denckla, 1997; McCloskey, 2009).  In the 

school context, executive function difficulties are not believed to directly result in 

manifested learning disabilities; rather, it is believed that they will more likely impact 

effective academic performance or in the form of subsequent “producing” disabilities 

(Denckla, 1996).  Even when controlling for school absences and pre-morbid levels of 

functioning, sluggish cognitive performance and executive function deficits have been 

shown to result in academic difficulties in ALL survivors (Eiser & Tillman, 2001).  

Clearly, as the population of survivors of pediatric ALL increases, a more thorough 

understanding of the neurocognitive late effects and their effect on the performance of 

executive functions in the school and home environment becomes increasingly urgent.   
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The purpose of this study was to examine processing speed and executive 

function in survivors of pediatric ALL.  Processing speed — the mental and motor speed 

with which a person can solve nonverbal problems — was estimated via an composite of 

processing speed attained from several measures of processing speed.  Executive function 

— a collection of processes orchestrated in the performance of purposeful, goal-directed 

behavior — was measured using the parent and teacher forms of the Behavior Rating 

Inventory of Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000).  

This study also explored the effect of previously identified risk factors on processing 

speed and executive function late effects.  Finally, executive function late effects were 

further explored via the use of performance-based measures, including the Tower and 

Trail Making (Condition 4) tests of the Delis-Kaplan Executive Function System (D-

KEFS; Delis, Kaplan, & Kramer, 2001).  Clear guidelines are needed to ensure that 

children cured of ALL receive appropriate access to remediation and intervention 

services tailored to meet their unique needs.  Many of these needs have only recently 

been identified and require further exploration.  Through the identification of what, if 

any, abilities are affected, it is possible that results may provide information useful in the 

development of differentiated services in the school system as well as inform medical 

treatment that may result in newly tailored treatment protocols.    
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CHAPTER II: LITERATURE REVIEW 

Cancer Overview 

Pediatric cancer is the leading cause of disease-related mortality in the United 

States among children 1 to 14 years of age (Ries et al., 2004).  Medically known as 

malignant neoplasm, cancer is a class of diseases characterized by an uncontrolled 

growth and replication of cells.  Malignant refers to the severe and progressively 

worsening nature of the disease, whereas neoplasm refers to the structural tissue formed 

as a result of uncontrolled proliferation of cells (Dorland, 1988).  Leukemia comprises 

nearly 1/3 of childhood malignancies and it is expected that nearly 3,250 new cases will 

be diagnosed in the United States each year (Ries et al., 2004).  Little is known regarding 

the underlying mechanisms of neoplasmic growth in children, yet current theory posits 

that the clinical presentation of cancer in children likely involves complex interactions 

among heritable cancer-promoting gene alterations that become “active” neoplasms via 

cancer-promoting agents in the environment  (Mulhern, Phipps, & White, 2004; Pui, 

2000).   

Cancer is fundamentally a disease resulting from abnormalities in the genes 

responsible for regulating normal cell proliferation and death (aptosis).  Aptosis is the 

orderly, programmed mode of cell death that occurs in response to a variety of stimuli, 

including cytotoxic (toxic to cells) agents such as radiation or chemotherapy, viral 

infection, or changes in hormonal growth factor (Kastan, Lim, Kim, & Yang, 2001).  

While aptosis is a critical event in normal cell development and tissue homeostasis, it is 
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the disruption of this process and the subsequent uncontrolled proliferation of malignant 

tissue cells that is believed to be the key feature in cancer development. 

CANCER CLASSIFICATION AND CATEGORIZATION  

Childhood cancers are thought to be clinically, histopathologically, and 

biologically distinct from adult-onset malignancies, exhibiting a clear departure from the 

clinical presentations, molecular profiles, and associations with exposure to 

environmental carcinogens observed in adult cancers (Quesnel & Malkin, 1997).  

Cancers are generally classified based on the type of cell from which the tumor is 

derived.  This may include carcinomas of the epithelial cells (i.e., lung, colon, or breast 

cancer), sarcomas of the connective tissue, germ cell tumors of the totipotent cells (i.e., 

reproductive cells in testicular or ovarian cancer), blastic tumor or blastomas resembling 

immature or embryonic tissue, and lymphoma and leukemia of the hemopoetic (blood-

forming) cells (NCI, 2008b).   

Tumors are solid neoplasms (i.e., abnormal swelling, lump, or mass) that may be 

malignant or benign (i.e., self-regulated and non-invasive with a more favorable 

prognosis).  Malignant neoplasms may divide and multiply uncontrollably, invading and 

destroying adjacent tissues or organs.  Some neoplasms, such as leukemia, do not form 

tumors and are instead characterized by metastasis, the spread of malignant cells 

throughout the body via the bloodstream or lymphatic system (NCI, 2008b).  In 

metastasis, a tumor cell leaves its primary environment, enters the circulatory system and 

migrates towards a target organ, extravasates (passes through walls into surrounding 
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tissues), and begins to proliferate in a new environment (Kastan, Lim, Kim, & Yang, 

2001).  Two broad categories of genes involved during growth abnormalities in cancer 

are oncogenes and tumor suppressor genes.  Oncogenes can present as normal or 

genetically altered genes expressed at abnormally high levels.  Tumor suppressor genes, 

whose function it is to negatively regulate cell division cycle (aptosis), are abnormally 

disabled from their typical regulatory function (i.e., inhibit cell division, survival) in 

cancer (Knudson, 2001).  Unlike adult cancers, where epithelial tumors predominate, the 

most common form of pediatric malignancy is leukemia of the central and sympathetic 

nervous system (CNS; Ross & Olshan, 2004). 

Understanding Pediatric Acute Lymphoblastic Leukemia 

OVERVIEW AND INCIDENCE 

The most common pediatric cancer among children 1 to 7 years old is acute 

lymphoblastic leukemia (ALL), accounting for nearly 80% of all leukemia (Smith & 

Ries, 2002).  Event-free survival (EFS) in relation to cancer refers to the time span 

following treatment during which there are no objective signs of disease recurrence.  

While event-free survival (EFS) rates for pediatric cancer have progressed dramatically 

in the last 40 years as a whole, the most significant improvements have been observed in 

children with ALL (Ries, 1996).  In fact, contemporary therapies have become so 

efficacious that current 5-year EFS for newly diagnosed pediatric ALL cases exceed 80% 

(Pui, 2006).   

The incidence of ALL has remained constant over the past 3 decades, with 
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approximately 2,400 children diagnosed annually in the United States (Pui, 2001).  Peak 

incidence globally has been shown to occur between 2—5 years of age, yet a downward 

trend has been observed in the United States and the United Kingdom with peak 

incidence estimated to occur between 2—3 years of age (Swenson, Ross, Severson, 

Pollock,  & Robison, 1997; McNally, Rowland, Roman, & Cartwright, 1997).  

Historically, these younger age peaks have corresponded to major periods of 

industrialization and may reflect periods of varying exposure to new environmental 

factors known or suspected to cause leukemia (Desch & Bleyer, 1994; Kaiser, 1999).   

RISK FACTORS 

While a clear etiology for pediatric ALL remains elusive (NCI, 2008e), there 

appear to be certain factors associated with increased risk of developing the disease.  

Historically, exposure to ionizing radiation during prenatal diagnostic x-rays has been 

demonstrated as responsible for increased risk of developing ALL.  In fact, the 

therapeutic irradiation intended to treat cancer itself is known to increase the 

development of secondary cancers.  In the U.S., race has also been shown to be 

associated with increased risk for ALL, as Caucasian children have an incidence rate 

nearly twice that of African American children.  Being male and having a brother or 

sister with leukemia has also been associated with increased risk (NCI, 2008e).   Specific 

genetic conditions identified with increased risk of ALL include Down syndrome, 

neurofibromatosis type 1, Bloom syndrome, ataxia-telangiectasia, and Langerhans cell 

histiocytosis (Ries, et al., 1999).  Additional risk factors associated with higher incidence 
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of ALL include maternal reproductive history of prior fetal loss, increasing maternal age, 

higher birth weights, and paternal chemical exposure (Margolin, Steuber, & Poplack, 

2001).   

DISEASE PROGRESSION  

The hallmark of ALL is a progressive appearance of malignant cell behavior that 

is triggered by the evolution of altered gene function (Roman-Gomez et al., 2003).  In 

healthy individuals, bone marrow produces immature stem cells (lymphocytes) that 

subsequently “mature” into lymphoid cells.  When healthy, these cells of the immune 

system defend against infectious disease and foreign materials.  Genetic alterations to 

immature lymphocyte precursors are thought to occur at discreet stages of normal 

maturation and result in the malignant transformation of a single cell with the capability 

to expand via indefinite renewal (i.e., clone).  These clones, however, do not respond to 

orderly cell aptosis and subsequently have the capability to proliferate uncontrollably, 

accumulate and, over time, “crowd out” healthy cells and interfere with functions of vital 

organs (Roman-Gomez et al., 2003).  Furthermore, as clones arise from the hemapoietic 

(blood-forming) system and are capable of metastasizing throughout the body, the 

potential for clone proliferation into the CNS significantly increases and, consequently, 

so does the risk of secondary CNS-leukemia, treatment-induced morbidity, and mortality 

(Pui, 2006).   
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SUBTYPE STRATIFICATION 

Leukemia has been broadly categorized into two subtypes reflecting the type of 

blood cell affected.  Lymphoblastic leukemia affects immature precursor lymphocytes.  

Myelogenous leukemia is marked by an overproductions of immature, abnormal white 

blood cells (myeloblasts) that rapidly accumulate in the bone marrow and interfere with 

the normal production of healthy white and red blood cells, and platelets (NCI, 2008d).  

Leukemia is also classified as being either acute or chronic in disease progression.  This 

results in in the stratification of four broad subtypes: acute lymphoblastic leukemia 

(ALL), chronic lymphoblastic leukemia (CLL), acute myelogenous leukemia (AML), and 

chronic myelogenous leukemia (CML).  Pediatric ALL accounts for approximately 

23.5% of all childhood cancers and over 75% of all childhood leukemia.  Most of the 

remaining cases are acute myelogenous leukemia (AML); however, AML is rare in 

children and more common in adults, accounting for approximately of 90% of all 

presentations (Jemal, Thomas, Murray, & Thun, 2002).  Finally, lymphoblastic leukemia 

may be further distinguished according to the stage of cell maturation during which 

aberrant changes in DNA occur.  This includes precursor B-cell lineage, accounting for 

approximately 80% of ALL cases, common-B cell lineage, accounting for 1—2% of ALL 

cases, and T-cell lineage, accounting for approximately 10—15% of ALL cases (NCI, 

2008e).   
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CLINICAL SIGNS AND SYMPTOMS 

The signs and symptoms of ALL arise from a lack of normal, healthy blood cells, 

as well as from the effects of cell “crowding” due to the abnormal proliferation of 

immature lymphocytes.  Early signs and symptoms may resemble the flu (e.g., fever, 

weakness, aching of long bones), yet the features that typically attract medical attention 

include pale skin and weakness (anemia), excessive bruising and nosebleeds (low platelet 

count), fever and persistent infection (low white blood cell count), weight loss, bone pain, 

abdominal pain, and possible enlargement of the lymph nodes, liver, and spleen (Pui, 

2000).  The diagnosis of ALL is based on analysis of white blood cell counts with 

suspected cases confirmed by additional bone marrow aspiration and biopsy.   

Treatment of Acute Lymphoblastic Leukemia 

HISTORY AND PROGRESSION 

In 1948, Farber, Diamond, Mercer, Sylvester, and Wolff reported inducing temporary 

remission of ALL in children following administration of the folic antagonist 

aminopterin, a chemotherapeutic drug with anti-cancer cell properties.  Prior to this 

finding, the life expectancy of children following a diagnosis was approximately 3 

months.  Although the remission effects Faber and colleagues attained were temporary, 

these findings aroused wide interest over the next decade in the potential of 

chemotherapy in treating ALL (Picard & Rourke, 1995).  Further developments in 

research subsequently began to link the infiltration of leukemic cells into the CNS to high 
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rates of relapse, suggesting that cancer cells were able to cross across the blood-brain 

barrier.  However, chemotherapeutic agents were not adequately able to cross the blood-

brain barrier with regimens at the time, and the CNS remained a sanctuary for leukemic 

cells, significantly raising the risk for developing secondary CNS leukemia (Haaxma-

Reiche, 2003).   

CENTRAL NERVOUS SYSTEM PROPHYLAXIS 

It is widely agreed upon that the advent of CNS prophylaxis–treatment administered 

with the sole purpose of preventing the development of secondary leukemia in the CNS–

was the key factor underlying developments leading to improved prognosis and nearly 

non-existent occurrence of CNS relapse achieved in modern treatments of childhood 

ALL (Pui et al., 2003).  Administered directly into the cerebrospinal fluid, CNS 

prophylaxis is able to cross the blood-brain barrier and thus address the risk of residual 

leukemia.  In fact, without the use of CNS prophylaxis, up to 80% of children with ALL 

will develop CNS leukemia relapse, greatly increasing the risk of morbidity and mortality 

(Evans, Gilbert, & Zandstra, 1970; George, Ochs, & Mauer, 1985; Pui, 2006).   

One of the earliest prophylaxis therapies consisted of the administration cranial 

radiation therapy in combination with intrathecal methotrexate once the patient entered 

remission (Moleski, 2000).  This combination therapy regimen reduced incidence of 

systemic relapse from 90% to 10% and was maintained as the “gold standard” approach 

for some time (Haaxsma-Reiche, 2003).  However, reports of treatment-induced 

neurotoxicity and structural brain damage in the developing brain soon followed, and 
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radiation was thought to be the responsible component for observed neurological 

complications (Moss, Nannis, & Poplack, 1981; Peylan-Ramu et al., 1981; Brouwers, 

Riccardi, Poplack, & Fedio, 1984), growth inhibition (Wells, Foster, & D’Ercole, 1960; 

Sklar, Mertens, & Walter, 1993), second malignancies (Neglia et al., 1991; Walter, 

Hancock, & Pui, 1998), and cognitive and academic declines (Moleski, 2000).  As a 

result, clinicians began to reduce cranial radiation doses with the goal of maintaining 

comparable rates for remission induction (Sullivan, Chen, & Dyment, 1982).  Despite the 

reduction of radiation in combination therapy, reports of late effects remained and a 

synergistic effect of increased neurotoxicity in combination therapy was suspected 

(Moss, Nannis, & Poplack, 1981; Fletcher & Copeland, 1988; Cousens, Waters, & Said, 

1988; Stehbens et al., 1991).  For patients with ‘standard risk’ALL presentations, some 

clinicians began to halt the administration of radiation entirely, instead intensifying 

chemotherapy with equivalent results for risk of cancer relapse (Nachman, Sather, & 

Cherlow, 1998; Kamps, Bokkerink, & Hahlen, 1999; Kamps, Bokkerink, & Hakvoort-

Cammel, 2002).  In sum, this shift in treatment protocol was a result of research-informed 

observations that non-irradiated therapies were associated with decreased risk of 

structural brain damage and persistent cognitive impairment.  Despite these advances, 

delayed effects are still observed in contemporary protocols (Moleski, 2000).   

TREATMENT AGENTS 

Prophylaxis may involve the administration of intrathecal (i.e., into CNS via spinal 

canal or lumbar puncture) or systemic (i.e., orally or intravenously) routes of 
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administration of cranial radiation therapy, chemotherapy, or combination therapy.  

While modern regimens typically rely on the administration of chemotherapy, reserving 

the use of radiation for high-risk presentations, a description of all potential treatment 

agents follows. 

Cranial radiation therapy.  The use of cranial radiation therapy refers to the process 

of emitting radiant energy in the form of waves or particles with the intent to target 

cancerous cells and stop them from reproducing.  This is achieved when radiation 

oncologists administer high-energy, electromagnetic radiation or machine-generated, 

high-speed particles with the intent of inflicting damage to the DNA-strands of cancer 

cells, causing cell death and the inability for a cell to reproduce (Greenberg, 1998).  In 

the process, however, healthy cells are destroyed and clinicians must strike a balance 

between killing the most cancerous cells while concurrently minimizing healthy cell 

damage.   

Chemotherapy.  Chemotherapy is used to destroy cancer cells or stop them from 

reproducing.  In the treatment of ALL, chemotherapy typically consists of methotrexate 

that is administered intrathecally and/or systemically, either as the sole chemotherapeutic 

agent or in combination with cytosine arabinoside, hydrocortisone, and systemic steroids 

(NCI, 2005a).  Three classes of chemotherapy are believed to result in delayed neurotoxic 

effects: glucocorticoids, nucleoside analogs, and–most commonly administered–

antifolates (Cole & Kamen, 2006).  Methotrexate is a diydrofolate reductase inhibitor that 

prevents the replication of cancer cells at the DNA synthesis phase (Plotkin & Wen, 

2003).  Because few agents are able to cross the blood-brain barrier on their own, 
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methotrexate must be administered intrathecally, in high doses systemically, or via an 

Ommaya reservoir, an intraventricular catheter system that is placed under the scalp.  The 

clinical expression of methotrexate neurotoxicity is dependent upon the dosage 

administered, its route of administration, and its combined administration with cranial 

radiation therapy.  It is believed that lower dosage, intravenous administration, and no 

concurrent cranial radiation therapy lower the risk of short- and long-term sequelae 

(Plotkin & Wen, 2003). 

Combination therapy.  The addition of chemotherapy to cranial radiation therapy is 

thought to result in an increased lethality of ionizing radiation (i.e., radiosensitization).  

The synergistic effect has been shown to result in greater neurotoxicity than when 

administered as radiation or chemotherapy alone (Bleyer, 1998).  The synergistic 

interaction in combination therapy continues to be examined with active treatments.  A 

proposed mechanism of increased neurotoxicity in combination therapy is that 

methotrexate may lower the blood-brain barrier threshold, thereby intensifying the effects 

of cranial radiation therapy (National Cancer Institute, 2005a).   

RISK-BASED STRATIFICATION 

Contemporary ALL treatment protocols emphasize the use of risk-based stratification 

(i.e., process of tailoring treatment according to a predicted risk of relapse).  Those with a 

“high-risk” presentation of ALL will subsequently receive more aggressive treatment, 

whereas “standard-risk” ALL is treated with effective levels of therapy that minimize 

unnecessary exposure to treatments associated with short- and long-term risks (Eiser & 
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Tillman, 2001).  Predictive risk of relapse is based on clinical factors (age, gender, and 

white blood cell [WBC] count), biological factors (leukemic cell geno- and 

immunophenotype), and rapidity of response to early therapy (Pieters & Carroll, 2008).  

Standard-risk ALL is most common among children ages 1 to 9 years of age and females, 

and is also associated with low WBC (< 25 x 10 
e 
9/L) and favorable immunophenotype 

(Common or pre-B) or genotype (Hyperdiploidy, TEL/AML1 fusion).  Conversely, high-

risk ALL is more common among children younger than 1 (with lesser risk for those 

older than 10 years of age) and males, and is associated with high WBC (> 25 x 10 
e 
9/L) 

or the presentation of a high-risk immunophenotype (B-, T-lineage) or genotype 

(Hypodiploidy, MLL/AF4 fusion, BCR/ABL fusion).  Other high-risk prognostic factors 

include the presence of leukemic CNS involvement or testicular leukemia (NCI, 2005a).  

Recent determination of minimum residual disease (MRD) in the bone marrow has also 

shown promise as a factor with high prognostic value (Pieters & Carroll, 2008). 

TREATMENT REGIMENS  

Modern approaches to ALL treatment may vary somewhat, but are typically 

characterized by 4 phases: a remission induction phase, followed by a CNS-directed 

treatment and consolidation phase, reinduction (sometimes referred to as intensification), 

and, finally, a maintenance phase designed to ensure continuation of remission (Pieters & 

Carroll, 2008).  Research has demonstrated that effective treatment requires a minimum 

duration of 24 months and no apparent benefit for continuation beyond 3 years (Picard & 

Rourke, 1995).   
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Phases of treatment.  During induction, the goal is to bring about morphological 

remission, defined as destruction of disease cells and restoration of normal bone marrow 

hematopoiesis (Pui, 2006).  The goal of induction is to kill 99.9% of cancerous leukemic 

cells and force the cancer within the blood and bone marrow into remission (Armstrong 

& Mulhern, 1999; NCI, 2008e).   Induction therapy achieves a remission in more than 

95% of children (Margolin, Steuber, & Polack, 2002), is usually very intense, lasting 

approximately 4—6 weeks, and includes the administration of intrathecal therapy 

containing 3 to 4 systemic drugs.  While the administration of vincristine and the 

glucocorticoid prednisone are considered the standard against which all other 

chemotherapeutic agents are compared, L-asparaginase, and the glucocorticoid 

dexamethasone are also common (Picard & Rourke, 1995).  Glucocorticoids have a direct 

cytolytic (cell destroying) effect on cancerous cells, particularly when combined with an 

alkaloid such as vincristine (Plotkin & Wen, 2003).  Other chemotherapeutic agents (L-

asparaginase) improve remission rates by inhibiting the protein synthesis of cancerous 

cells.  While this stage typically results in the induction of “remission,” it should be noted 

this does not equate with a complete absence of leukemic burden; rather, the risk of CNS-

relapse remains, as patients at this point in treatment may still harbor as many as 1 x 
10

 

leukemic cells in their bodies (Pui, 2000).   

The aim of the CNS-prophylaxis and consolidation phases is to further reduce the 

systemic residual burden of leukemic cells that may be protected within the blood-brain 

barrier and prevent the development of secondary CNS-relapse.  This stage is 

characterized by weekly or bi-weekly intrathecal therapy combined with systemically 
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administered drugs.  The drugs and doses used may vary according to a patient's risk 

factors, yet most protocols administer high-dose methotrexate and 6-mercaptopurine (6-

MP), an immuno-suppressor of new leukemic cell synthesis. 

During reinduction, most protocols administer a therapeutic regimen analogous to 

that of the induction and CNS-prophylaxis and consolidation phases.  The total duration 

of treatment from CNS-prophylaxis through reinduction lasts approximately 4 to 8 

months (Armstrong & Mulhern, 1999).  The intensity of treatment during this period may 

induce side effects requiring that the child be admitted for 3—4 days of hospitalization 

approximately every 3 weeks during this period.   

Total treatment duration for the final maintenance phase is approximately 2 years 

and is intended to destroy any potential remaining leukemic disease.  Treatment consists 

of daily administration of 6-MP and methotrexate with some protocols providing booster 

doses of a glucocorticoid, vincristine, and intrathecal therapy.  Drugs administered during 

this phase are considered to have fewer side effects and suitable for lengthy 

administration (Pui, 2000).   

Relapse.  While therapy brings about a remission in most patients, some patients 

may experience a return of the disease (i.e., relapse).  Patients who relapse after 

chemotherapy may be treated with different chemotherapy drugs and/or more intense 

doses.  Patients who relapse soon after remission or while they are receiving 

chemotherapy are considered to have a high-risk presentation of the disease.  For those 

patients, chemotherapy is less likely to achieve a long-term remission, and a bone 

marrow transplant may be more effective (Pui, 2006). 
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Effects of Treatment of Acute Lymphoblastic Leukemia 

The neurotoxic side effects of ALL treatments are categorized according to the time 

of complication onset (Behin, Hoang-Xuan, Carpentier, & Delattre, 2003).  Acute effects 

are those occurring days to weeks following the initiation of treatment, whereas 

intermediate effects typically present 1 to 6 months following administration of therapy.  

Late effects follow the administration of prophylaxis by more than 6 months, but typically 

do not become evident until 3 years post-diagnosis (Fletcher & Copeland, 1988).   

Treatment induced toxic leukoencephalopathy, characterized by progressive damage 

to the white matter of the brain, may occur weeks to months following treatment and may 

be progressive in nature.  Leukoencephalopathy is marked by a disturbance of higher 

cerebral functions (i.e., problems with attention, memory, and verbal expression) and 

may result in personality changes, transient dementia, and in rare cases, coma and death 

(Cole & Kamen, 2006).  Studies have clearly demonstrated associations between cranial 

radiation therapy and toxic leukoencephalopathy (Davis, Hoffman, Pearl & Braun, 1986; 

Kingma et al., 1993); however, white matter damage is not isolated to cranial radiation 

therapy alone and has also been observed in patients undergoing high-dose chemotherapy 

(Mulhern & Palmer, 2003).  In fact, administration of high-dose chemotherapy has been 

linked to acute and intermediate toxic leukoencephalopathy in as many as 80% of 

pediatric cases (Reddick et al., 2006).   
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LATE EFFECTS OF TREATMENT 

Late effects appear months to several years following the completion of medical 

treatment of pediatric ALL and are known to be irreversible and progressive in their 

course (Pui, 2000).  They are frequently associated with the use of neurotoxic radiation 

and chemotherapy, particularly methotrexate.  Late effects of treatment may present 

clinically as changes in neuroanatomical, neurophysiolocial, and neuropsychological 

functioning.  While the effects of acute and intermediate leukoencephalopathy are 

thought to be transient and decrease in prevalence and intensity following completion of 

therapy (Reddick et al., 2006), studies in some patients have shown long-term sequelae of 

diminished white matter volumes despite the resolution of MRI-evident 

leukoencephalopathy.  It is believed that these treatment-induced changes to white matter 

integrity underlie the manifestation of treatment late effects (Butler & Haser, 2006).         

EFFECTS OF TREATMENT ON WHITE MATTER 

White matter is the myelinated axon tissue through which messages pass among 

the grey matter areas of the cerebral hemispheres, association areas of the cerebral cortex, 

and cerebrum.  White matter is composed of myelinated nerve cell bundles (axons) that 

get their color from the fatty substance (myelin sheath) surrounding axons.  The myelin 

sheath insulates axons and helps them facilitate the rapid transmission of electrical 

impulses from axon to axon.   Unlike white matter, which is composed of impulse 

conducting nerve cell axons, the nerve cell bodies of gray matter form structures (i.e., 

cortex, subcortical nuclei) designed to mediate ‘higher’ cerebral functions while white 
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matter forms connections between structures that bring about these specialized cognitive 

processes (Carlson, 2007).   Cell bodies predominate the cerebral cortex, giving it a 

grayish-brown appearance, and its reference as gray matter.  Millions of axons lie 

beneath the cortex, connecting the neurons of the cerebral cortex with those located 

elsewhere in the brain (Carlson, 2007).   

If one were to conceptualize features of the brain as a network of ‘computers’ 

performing specific neurocognitive functions (i.e., gray matter regions), then white matter 

connectivity would be analogous to the function of ‘network cables’ allowing the 

transmission of data among the networks computers.    It is believed that this 

interconnectivity is partially responsible for the performance of higher order cognitive 

processes (e.g., perceiving, learning and remembering, planning).   High concentrations 

of white matter have been found in the frontal and pre-frontal regions of the brain.  These 

tracts extend to various association areas of the cortex and are believed to be involved in 

the performance of executive functions (Carlson, 2007; Gioia et al., 2000).  The corpus 

callosum—a band of axons facilitating the communication between the left and right 

temporal lobes—is another region of dense white matter organization (Carlson, 2007).   

WHITE MATTER DEVELOPMENT 

Maturation of white matter pathways in the brain is critical
 
to cognitive, behavioral, 

emotional and motor development during
 
childhood and adolescence (McGivern et al.,

 

2002; Sowell et al., 2004).  The myelination of axons begins in utero and continues to 

mature until the third decade of life (Mulhern & Palmer, 2003).  In addition to 
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developments in synaptic proliferation and pruning, ongoing myelination is
 
assumed to 

play an important role in neurodevelopmental, age-associated improvements in 

neurocognitive abilities such as working
 
memory, planning, metacognition, speed of 

information processing, and attention (Berman and Friedman, 1995; Luciana and Nelson, 

1998; Luna et al., 2001; Kwon et al., 2002).  Developing in a curvilinear manner across 

the lifespan, our white matter maturation and increased neurocognitive abilities 

progressively mature from birth to adulthood and begin to decline in late adulthood. 

Developmental increases in white matter anisotropy, a measure of integrity of white 

matter structures, have been observed to parallel the increased sophistication and 

integration of cognitive functions throughout childhood and adolescence (Barnea-Goraly, 

et al., 2005; Nagy, Westerberg, & Klingberg, 2004).  Overall white matter volume 

increases and region specific myelination have also been observed throughout these 

developmental periods, with particularly significant maturation occurring during 

childhood (Paus et al., 2001).  Peaks in cognitive maturation have been shown to 

correlate with white matter development in the prefrontal regions, internal capsule, basal 

ganglia, thalamic
 
pathways, ventral visual pathways, and the corpus callosum.  Ongoing 

white matter tract development (i.e., organization of white matter association fibers) is 

considered essential for rapid cognitive performance (Schmithorst, Wilke, Dardzinski, & 

Holland, 2002).  In fact, thicker myelin sheaths, increased
 
axonal diameter, and refined 

organization of white matter tracts
 
improve signal transduction and are believed to be 

critical factors
 
in the efficient performance of cognitive, behavioral, and emotional 

functions
 
(Ries et al., 1996; Schmithorst et al., 2002).   
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EFFECTS OF WHITE MATTER DAMAGE 

The structural properties of white matter can be examined via several imaging 

techniques (Assaf & Pasternak, 2008; Kherlopian et al., 2008).  Magnetic resonance 

imaging (MRI) is a tomographic technique for imaging slices of the brain to examine 

lesions.  Diffusion tensor imaging (DTI) is a MRI-based neuro-imaging technique 

particularly useful in the visualization of location, orientation, and anisotropy of the 

brain's white matter tracts.  Voxel-based morphometry (VBM) is a technique for 

exploring the volumetric difference in brain anatomy to determine structural integrity.   

Research has demonstrated links between white matter integrity and cognitive 

function within a variety of clinical, neurological, and typical populations (Amato, Zipoli, 

& Portaccio, 2008; de Groot, & Hofman, 2000; Rovaris et al., 2002; Schmithorst et al., 

2005).  Multiple sclerosis (MS) is one of the most common and well-understood diseases 

affecting white matter.  In MS, the myelin sheaths surrounding axons become inflamed 

and result in compromised white matter integrity.  Resulting impairments in memory, 

complex attention, verbal fluency, and spatial recall are commonly linked to 

demyelination in MS (Rovaris et al., 2002).  White matter volumes in MS have also been 

associated with executive functions and speed of information processing (Amato, Zipoli, 

& Portaccio, 2008).  These findings are consistent with reported associations between 

white matter damage in individuals with vascular dementia (O’Sullivan et al., 2001) and 

Alzheimer’s disease (Rose et al., 2000).  White matter is similarly thought to be 

responsible for the subtle declines in psychomotor efficiency in diabetes (Ryan, 2003).  

These links have also been observed in healthy populations, as age-related, late adulthood 
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declines in white matter integrity have been linked to deleterious performance of 

executive function (O’Sullivan et al., 2001a) and processing speed (de Groot & Hofman, 

2000).   

WHITE MATTER DAMAGE IN ALL 

Current theory posits that treatment-induced white matter damage is responsible 

for the neurocognitive late effects observed in pediatric ALL survivors (Butler & Haser 

2006; Reddick et al., 2006).   While the pathogenesis of damage remains poorly 

understood, it has been proposed that neurotoxicity results from some combination of (a) 

failure of typical maturation and myelination of white matter and subsequent delays in 

age-appropriate developmental rates and (b) necrosis of existing white matter tracts 

(Aukema et al., 2009).   Although gross myelination is thought to be virtually complete 

by age 5 (Nakagawa et al., 1998), it is believed that the young child’s developing brain is 

particularly vulnerable to the neurotoxic effects of cancer treatments.  Possible 

explanations for this phenomenon include higher metabolic rates for newly synthesized 

myelin in childhood and lower stability and diffusion of developing white matter tracts 

during this period (Paakko et al., 2000).  The majority of children with ALL are 

diagnosed during early childhood and, thus, may be at risk for neurotoxicity-induced late 

effects (Reddick et al., 2006). 

COGNITIVE AND ACADEMIC LATE EFFECTS OF TREATMENT 

The majority of extant research has explored the effects of ALL treatments on 

intellectual functioning, with most results indicating some form of decline following 
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treatment (Brown & Madan-Swain, 1993; Cousens, 1988; Kaemingk et al., 2004; 

Mulhern, 1994; Said et al., 1989; Schatz et al., 2000).  Most survivors evidence 

decrements of 2/3 to 1 standard deviation, or approximately 10—11 points, on standard 

intellectual measures within 7 years following treatment (Brown & Madan-Swain, 1993; 

Cousens, 1988; Said et al., 1989; Schatz et al., 2000); however, not all researchers are in 

agreement as to the underlying basis of these declines (Fletcher & Copeland, 1988; 

Moleski, 2000).  Some have implicated decrements in motor agility, processing speed, 

memory, and problem solving as possible contributors (Brown & Madan-Swain, 1993; 

Schatz et al., 2000; Waber, Isquith, & Kahn, 1994).  While preliminary research has not 

presented a clear relationship between the potential late effects of intrathecal 

methotrexate on intellectual functioning in ALL survivors, when compared to healthy 

controls (Moleski, 2000; Précourt et al., 2002), recent findings indicate that declines in 

intelligence are associated with smaller white-matter volumes in children treated with 

chemotherapy, with increasingly deleterious effects for those treated with a combination 

regimen (Reddick et al., 2006). 

Numerous studies have also examined the late effects of treatment on academic 

achievement (Moleski, 2000) with some suggesting that academic late effects underlie 

the incidence of nearly 1/3 of ALL survivors meeting sufficient criteria for special 

education services (Kingma et al., 1993; Stehbens et al., 1991).  Consistent with findings 

for intellectual functioning, declines in academic achievement have been associated with 

smaller white-matter volumes in survivors treated with chemotherapy and combined 

regimens.  The true extent of treatment-related learning problems, however, remains 
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unknown, and it is alleged that these findings may be an underestimate, as nearly 70% of 

ALL survivors report having sought some form of academic remediation (Stehbens et al., 

1991).  The most frequently reported academic areas affected are mathematics (Brown & 

Madan-Swain, 1993; Espy et al., 2001; Kaemingk et al., 2004; Kleinman & Waber, 1992; 

Moleski, 2000; Said et al., 1989; Temple, 1997), yet research has also implicated late 

effects for reading achievement (Kleinman & Waber, 1992; Reeves et al., 2007).   

NEUROCOGNITIVE LATE EFFECTS OF TREATMENT 

With a pattern of intellectual and academic decline following treatment fairly well 

established, researchers have more recently begun to unravel the late effects and 

implications for overall functioning of more specific neurocognitive abilities.  To date, 

the majority of research has attended to the areas of attentional capacity, memory 

functioning, tactile-perceptual and fine-motor skills, and visuomotor integration and 

visual-perceptual skills. 

Attentional capacity.  One of the most frequently reported late effects following 

treatment involves declines in sustained attention (Anderson et al., 1997; Armstrong, 

Blumberg, & Toledano, 1999; Brown & Madan-Swain, 1993; Ciesielski et al., 1999; 

Lesnik et al., 1998; Lockwood et al., 1999; Précourt et al., 2002).  However, results from 

previous research are equivocal–likely due to the use of insufficient measurement 

instruments–and, therefore, the true extent of attention deficits following treatment 

remains unknown (Pui, 2006).  Specifically, early studies relied heavily upon intelligence 

measures, such as the freedom from distractibility index (Wechsler Intelligence Scale for 
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Children, Revised Edition, WISC-R), to assess attention, yet the use of intelligence tests 

has since been deemed insufficiently sensitive in the measurement of attentional capacity 

(Cohen, 1993).  Thus, it is important to differentiate among more specific attention 

subtypes (Lezak et al., 2004; Lockwood et al., 1999; Van Zomeren & Brouwer, 1994).  

More recent research has examined the effect of treatment on sustained attention and 

impulsivity (e.g., Conners’ Continuous Performance Test) in survivors treated with 

combination therapy or chemotherapy, reporting significant effects greater than 1.0 

standard deviation from normative test scores for both groups on measures of omissions, 

attentiveness, and risk-taking responses (Reddick et al., 2006).  Reddick and colleagues 

(2006) noted that these deficits were associated with smaller white-matter volumes in 

these individuals, corroborating similar findings for linking reduced attention functioning 

and reduced frontal white matter volumes in ALL survivors (Carey et al., 2008).   

Memory functioning.  Research suggests that survivors frequently demonstrate 

memory and learning late effects, yet their underlying cause remains a source of debate 

(Ciesielski et al., 1999; Précourt et al., 2002).  The memory system is comprised of 

varying modes of input (visual, auditory) and processes (input, storage, and retrieval).  

Memory functioning is also heavily dependent on attentional capacities and working 

memory (Karl, 1997).  Working memory has been described as the capacity to 

temporarily store in mind and manipulate information (Schatz et al., 2000) and is 

considered closely related to attentional capacities (Cohen, 1993; Van Zomeren & 

Brouwer, 1994).  Visual memory involves the visual association area of the occipital 

lobe, whereas auditory information is processed in the superior temporal region (Lezak et 



 30 

al., 2004).  For visual memory, input involves processing and interpreting information 

from sensory organs prior to storage.  During the storage process, information is 

transferred from the primary sensory cortex to adjacent association areas and retrieval 

entails locating previously acquired information (Lezak et al., 2004).  Thus, an adequate 

understanding of memory late effects in ALL survivors requires examination of the 

individual components of memory.   

Research on working memory in ALL survivors is lacking (Schatz et al., 2000).  

Poor performance on working memory tasks suggests that either information is not being 

efficiently transmitted from the sensory systems or that information is not being properly 

encoded once it reaches the brain.  Schatz and colleagues (2000) found that 

neurocognitive deficits in working memory for ALL survivors were not uniform, 

attributing these results to the insufficient sensitivity to detect the subtle effects in this 

population.  In fact, the authors incorporated the use of spatial spans tasks, an instrument 

deemed to be lacking sensitivity in the measurement of subtle impairments (Bor, Duncan, 

Lee, Owen, & Parr, 2006).  While working memory difficulties were found to be more 

prominent for survivors treated with combination treatments, the authors believed these 

findings are the result of late effects involving encoding and rehearsal, rather than 

working memory (Schatz et al., 2000).   This hypothesis is supported by findings for 

slower learning curves (across trials), but comparable delayed recall, compared to healthy 

controls, on list-learning tasks (e.g., California Verbal Learning Test, CVLT) in ALL 

survivors treated with chemotherapy (Ciesielski et al., 1999; Kaemingk et al., 2001; 

Précourt et al.  2002; Schatz et al., 2000).   In the work by Précourt and colleagues 
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(2002), however, the findings for comperable delayed recall were not observed in a group 

treated with combination therapy, suggesting the synergistic effect of combination 

therapy protocols may have a more deleterious effect on verbal memory. Studies 

including a list-learning task, where the examinee is presented with lists of verbal 

information presented in a repeated trials format, have reported impairments in initial 

trials (thought to tap into working memory abilities), but no significant differences on 

delayed memory recall.  These findings suggest the possibility of relatively intact verbal 

memory, but possible late effects for working memory and/or attention (Ciesielski et al., 

1999; Kaemingk et al., 2001; Schatz et al., 2000).   

Declines in visual memory following chemotherapy also appear to be a potential 

late effect (Ciesielski et al., 1999; Mulhern, 1994; Regan & Reeb, 1998).  Autopsies of 

children treated for ALL reveal extensive damage to the mammilary bodies of the frontal 

lobes, which are believed to play a pivotal role in visuospatial memory in both humans 

and primates (Ciesielski et al., 1999).  Meta-analysis has indicated that ALL survivors 

scored below expected norms on nearly 70% of measures of visual memory (Mulhern, 

1994).  Conversely, delayed reproductions of complex figures, as measured by the Rey-

Osterrieth complex figure test, were not found to differ significantly from healthy 

controls for survivors treated with combination therapy or chemotherapy; however, the 

combination therapy group performed significantly worse than the chemotherapy group 

on a measure of short-term memory for complex figures (Mennes et al., 2005). 

Tactile-perceptual and fine-motor skills.  Sensorimotor skill, believed to be 

mediated by the function of the basal ganglia and its role in both fine and gross motor 



 32 

movements, has been shown to be susceptible to treatment-associated late effects 

(Copeland et al., 1988; Lesnik et al., 1998; Mennes et al., 2005).  Research indicates that 

those treated with chemotherapy perform significantly worse on measures of fine-motor 

skill integration (e.g., Finger Tapping, Grooved Pegboard, Trails A & B) and tactile-

perceptual abilities one year after diagnosis (Copeland et al., 1998).  Mennes and 

colleagues (2005) noted intact performance during single-hand trials on the Purdue 

Pegboard, but impaired ability during the more complex bilateral task.  Kingma and 

colleagues (2001) found similar results when using published norms to evaluate survivors 

treated with chemotherapy, finding significant bilateral fine-motor deficits on the Purdue 

Pegboard, in addition to impaired fine motor speed with the preferred hand (as measured 

by finger tapping).   

Visuomotor integration and visual-perceptual skills.  Studies of visual-motor 

integration and perception have demonstrated late effects following chemotherapy 

(Brown & Madan-Swain, 1993; Brown et al., 1998; Ciesielski et al., 1990; Kaemingk et 

al., 2004; Lesnik et al., 1998; Mennes et al., 2005; Précourt et al., 2002).  A synergistic 

effect in combination therapies, resulting in greater severity of decline, has also been 

demonstrated (Brown et al., 1998; Espy et al., 2001; Lesnik et al., 1998; Regan & Reeb, 

1998).  For children who received combination therapy, a progressive decrease of 3.12 

points per year on the Beery-Buktenica Developmental Test of Visual-Motor Integration 

(Beery VMI) was observed, whereas those treated with chemotherapy alone showed an 

average decrease of .95 points annually (Espy et al., 2001).  While findings for 

visuomotor late effects are generally accepted, researchers disagree on the underlying 
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processes contributing to these findings; some have suggested impairments in visual 

organization (Regan & Reeb, 1998), while others implicate fine motor speed (Espy et al., 

2001; Schatz et al., 2000).  Visual-perceptual late effects have been demonstrated with 

the Hooper Visual Organization Test, a measure of ability to organize visual stimuli 

(Mennes et al., 2005).  Other researchers assessing visuomotor and visual-perceptual 

skills, as measured by the Bender Gestalt test, have not found late effects in combination 

therapy survivors; however, survivors were evaluated 6 months post-prophylaxis and 

research indicates late effects may not become evident until at least 3 years following 

diagnosis (Mulhern, 1994). 

Processing speed.  Late effects for processing speed–a basic neurocognitive 

ability reflecting the efficiency with which a person can complete cognitive operations–in 

ALL survivors have only recently begun to be explored (Moleski, 2000).  Processing 

speed is, as defined by the Cattell-Horn-Carroll theory of cognitive abilities (CHC theory; 

McGrew & Flanagan, 1998), the ability to rapidly execute relatively easy or routine tasks 

(Floyd, Evans, & McGrew, 2003).  Normal child development and adult aging have been 

associated with a curvilinear developmental trajectory (i.e., increases from birth into 

adulthood, declines thereafter into late adulthood) of processing speed, paralleling a 

general maturation, refinement, and eventual decline of neural systems, particularly of 

white matter (Barnea-Goraly et al., 2005; Kail, 1992; Schmithorst et al., 2005; Salthouse, 

1996).  A pivotal factor in predicting processing speed late effects appears to be the 

interaction of the specific treatment modality used and age at diagnosis.  Regan and Reeb 

(1998) reported greater processing speed deficits in children who received a combination 
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of radiation and intrathecal chemotherapy in comparison to both children who received 

chemotherapy-alone treatments and healthy controls.  Among studies that have focused 

specifically on the effects of chemotherapy, findings suggest a linear relationship 

between chemotherapy dosage and decrements in processing speed (Heukrodt et al., 

1988).  Ciesielski et al.  (1999) reports similar results, although the authors noted that 

only ALL survivors who had been diagnosed prior to the age of 5 showed delays in 

processing speed. 

Late effects risk factors.  The late effects risk factors associated with CNS 

prophylaxis most commonly include age at diagnosis, gender, and intensity of treatment, 

but also include time elapsed since completion of cancer treatment.   

 Younger age at diagnosis is now accepted as a risk factor for late effects 

(Armstrong & Mulhern, 1999).  Children younger than 5 years of age at diagnosis have 

demonstrated significantly greater declines in intellectual functioning over time 

compared to those diagnosed later in life (Buizer et al., 2005; Von der Weid et al., 2003; 

Précourt et al., 2002).  Age has also been linked to late effects for reading, indicating a 

more pronounced frequency of phonological errors in children treated prior to the age of 

5 (Kleinman & Waber, 1992).  With cortical gray matter development peaking near age 4 

and the white matter continuing to develop late into the second decade of life 

(Pfefferbaum et al., 1994), it is suggested that increased risk among children under age 5 

is due to neurodevelopmental immaturity and increasing vulnerability to neurotoxic insult 

of the brain’s white matter structures (Mulhern, Reddick, & Palmer, 1999; Mulhern et al., 

2001). 
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 Research also suggests that females are at greater risk for cognitive late effects 

than males (Buizer et al., 2005a, 2005b; Waber et al., 1996).  While no clear explanations 

for these differences exist, it is hypothesized that gender differences in white matter 

development (i.e., slower development in females during childhood) may make females 

particularly vulnerable to treatment-related white matter insult (De Bellis et al., 2001). 

 The intensity of therapies has been found to be associated with greater 

neurocognitive late effects, with particular functional implications for attention and 

visuomotor functioning (Buizer et al., 2005a, 2005b).  It is believed that increased risk is 

predominantly restricted to high dose, systemically administered methotrexate; however, 

associations with intrathecal treatment have also been reported (Pui, 2006).  Additional 

findings have suggested that females treated with higher doses of intravenous 

methotrexate combined with cranial radiation therapy may be at risk for even greater 

cognitive declines (Buizer et al., 2005a). 

 There is tentative but increasing evidence that time elapsed since the completion 

of treatment is associated with risk for late effects.  Although the neuronal changes are 

poorly understood, it is hypothesized that structural damage is responsible for a 

progressive lag in the typical neurocognitive developmental course (Schwartz, 1999).  

While most studies indicate that late effects in survivors may initially manifest as subtle 

and do not result in functional impairment until as many as 4 to 5 years following 

treatment initiation (Brown et al., 1996; Cousens et al., 1988; Mennes et al., 2005), some 

do not support a trend of progressive deterioration (Campbell et al., 2007; Han et al., 

2009).  Other research suggests that the relationship between time since diagnosis and 
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subsequent neurocognitive deficits may be an artifact of measurement error (Mulhern, 

1994).  Clearly, further exploration is needed to confirm the increased risk over time 

hypothesis.   

SUMMARY OF TREATMENT NEUROTOXICITY 

 It is now well accepted that the increased survival rates due to modern pediatric 

ALL treatments may still come at a cost (Pui, 2006).  While most survivors of childhood 

ALL demonstrate good long-term neurocognitive outcomes (Spiegler et al., 2006), many 

show some form of late effects associated with treatment (Campbell et al., 2007; Moleski, 

2000).  These may include declines in overall intellectual ability (Mulhern, Ochs, & 

Fairclouch, 1992), academic performance (Daly & Brown, 2007), memory and learning 

(Hill, Ciesielski, & Sethre-Hofstad, 1997), attention and concentration (Lockwood, Bell, 

& Colegrove, 1999), visuospatial skills (Espy, Moore, & Kaufmann, 2001), and 

psychomotor processing speed (Kaleita, Reaman, & MacLean, 1999).  The late effects 

literature, however, remains contradictory, and the diffuse nature of underlying 

neurotoxic insult (i.e., white matter damage) may be to blame (Buizer et al., 2009; 

Moleski, 2000).  Recent evidence suggests that treatment-induced toxicity has deleterious 

implications on the development and functional integrity of white matter tracts (Aukema 

et al., 2009).  This is particularly relevant for children diagnosed with ALL, as the 

majority of diagnoses occur during a critical period of CNS development (i.e., 2–5 years 

of age).  In fact, it is now understood that declines in white matter integrity are associated 

with poorer performance in various cognitive and neurocognitive domains, including 
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intellectual functioning, academic achievement, and sustained attention, and speed of 

information processing (Buizer et al., 2005; Carey et al., 2008; Mulhern & Palmer, 2003).   

 Recently, researchers have begun to turn their attention to the potential effect of 

such white matter changes on the performance of executive functions.  The term 

executive function is an umbrella construct used to describe a collection of more discreet 

processes involved in orchestrating and regulating the cognitive, behavioral, and 

emotional functions necessary for purposeful, goal-directed behavior, particularly in the 

context of novel problem-solving (Anderson, 2002; Gioia, Isquith, Guy & Kenworthy, 

2000; Welsh & Pennington, 1988).  While executive function late effects have clear 

implications for a child’s academic, social, emotional, and vocational development 

(McCloskey, Perkins, & Van Divner, 2009), this area is only recently beginning to be 

explored.  In fact, the limited research that does exist has been confined to the use of 

behavioral laboratory instruments of working memory, cognitive flexibility, and 

planning, with the intent to generalize findings to the impact of potential executive 

function late effects on the everyday functioning of ALL survivors (Campbell et al., 

2007; Carey et al., 2008).  The ecological validity of such measures, however, has been 

questioned (Gioia, Isquith, & Kenealey, 2008; Kenworthy, Yerys, Anthony, & Wallace, 

2008, Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2008), and ratings of executive 

function in the everyday environment may provide a more accurate assessment of 

executive function performance (Gioia, Isquith, & Kenealey, 2008).  As the executive 

function construct is frequently used, yet commonly only described beyond as a set of 

“higher order” functions, further explication, including a basic definition and descriptions 
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of discreet executive function domains, is in order.    

WHAT IS EXECUTIVE FUNCTION? 

The role of executive function has been described as analogous to a chief 

executive officer “CEO” of the brain (Salthouse, Atkinson, & Berish, 2003), directing the 

efficient use of the organization (i.e., the brain) to meet company goals in an adaptive 

manner to the ever-changing demands of the business market (i.e., environmental 

demands).  Some conceptualizations have focused on executive function as the ability to 

flexibly shift and maintain a cognitive set, as well as the use of planning and response 

organization (Seidman, et al., 2000), while others correlate executive function with 

cognitive planning, flexibility, and inhibition (Ozonoff & Jensen, 1999).  The role of 

executive function has also been described as a diverse set of self-regulation capacities 

managing perceptual, emotional, cognitive, and action-oriented domains of functioning 

(McCloskey, Perkins, & Van Divner, 2009).  Gioia and colleagues (2000) described 

executive function as encompassing the use of metacognitive strategies (e.g., 

manipulating information in working memory, cognitive planning, organization, and self-

monitoring) and behavioral self-regulation (e.g., emotional control, inhibition, cognitive 

flexibility) in goal-directed behavior.  For the purpose of this study, executive function 

was conceptualized in accordance with the model of executive function proposed by 

Anderson (2002), wherein discreet executive processes of cognitive flexibility, goal 

setting, attentional control, and information processing operate as an integrative control 

system for the performance of goal-oriented, purposeful activity (see appendix A for 
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model).  This model is based on factor analytic studies and extant knowledge from the 

clinical neuropsychology literature.  The cognitive flexibility domain of executive 

function includes the capacities for divided attention, working memory, and conceptual 

transfer, whereas goal setting includes one’s initiative, conceptual reasoning, planning, 

and strategic organization abilities.  The attentional control domain includes selective 

attention, self-regulation, self-monitoring, and inhibition capacities, whereas information 

processing includes the efficiency, fluency, and speed of information processing.   

Neurophysiology of executive function.  The development of executive function 

is thought to parallel the neurodevelopmental trajectory of the frontal and pre-frontal 

regions and extend well into to the third decade of life (Anderson, 1998; Carlson, 2007).  

Executive function performance is thought to be partially mediated by circuitry in the 

frontal lobes that subsequently plays an organizational, regulatory role of a larger “frontal 

system,” orchestrating the performance of posterior cortical and subcortical processes 

(Welsh & Pennington, 1988).  Neuroanatomical imaging supports this theory, as the 

frontal lobes are a region of dense, bidirectional white matter connections, both among 

cortical and subcortical regions and within the frontal lobes themselves.  It is believed 

these connections among the frontal lobes, the limbic (motivation) system, reticular 

activating system (arousal), posterior association cortex (perception, cognition), and 

motor association regions (movement, action) of the frontal lobes are crucial in the 

performance of executive functions (Carlson, 2000; Gioia et al., 2000).  Additional 

research has localized activity relating to the cognitive demands of working memory to 

the mid-dorsolateral, mid-ventrolateral prefrontal, and dorsal anterior cingulated cortices 
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(Duncan & Owen, 2000).  Research suggests that damage within any component of the 

frontal system is likely to result in executive dysfunction (Mesulam, 1981).  Moreover, it 

is hypothesized that white matter maturation (i.e., axonal thickness and myelination) is 

critical in the processing capacity of gray matter processes (Olesen, Nagy, Westerberg, & 

Klingberg, 2003).  In children with ALL, it is the impaired functioning of the connective 

component of the system (i.e., white matter) that may contribute to executive function 

impairment (Brouwers et al., 1984).   

Assessment of executive function in childhood.  The importance of executive 

function in the performance of everyday cognitive, academic, interpersonal, behavioral, 

and vocational tasks cannot be understated and highlights the importance of examining 

potential late effects in survivors.  Commonly used executive function tests include 

measures of cognitive flexibility and reasoning, such as the Wisconsin Card Sorting Test 

(WCST; Heaton, 1981) and the Children’s Category Test (CCT; Boll, 1993); planning, 

such as the Tower of London (TOL; Shallice, 1982); cognitive shifting, such as the 

Trailmaking Test-B (TMT-B; Reitan & Wolfson, 1985) or Inhibition/Switching of the 

Color-Word Interference subtest of the Delis-Kaplan Executive Function System (D-

KEFS; Delis et al., 2001); inhibition, such as the Stroop Color-Word Test (SCWT; Lowe 

& Mitterer, 1982); and fluency tasks, such as the Controlled Oral Word Association Test 

(COWAT; Benton, Hamsher, & Sivan, 1994).  Other options include the use of test 

batteries covering a broad assortment of domains, such as the NEPSY-II (Korkman et al., 

2007) and D-KEFS (Delis et al., 2001).   

Despite a growing array of executive function assessment tool options for use 
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with pediatric populations, much of the existing instrumentation is limited by such 

validity issues as small and dated normative samples, as well as the majority of tests 

having traditionally been extended downward to child populations despite being initially 

designed to assess focal damage in adult clinical populations (Denckla, 1996).  Another 

criticism regarding executive function assessment in pediatric populations is the limited 

amount of research providing ecological validity for the performance on experimental 

executive function tasks (Gioia, Isquith, Guy & Kenworthy, 2000; McCloskey, Perkins, 

& Van Divner, 2009).  Assessment of executive function has typically involved 

examination using standardized neuropsychological tasks performed in a laboratory or 

assessment environment.  While many executive function tasks are novel and their 

structure relatively limited as to the provision of task instructions, they nevertheless occur 

in a structured environment, independent of environmental factors likely to increase the 

novelty and burden of task performance.  For individuals with diffuse and mild deficits, 

such as pediatric ALL survivors, these structured laboratory tasks may not be sufficiently 

sensitive to capture executive deficits that may be more apparent in complex, 

ecologically valid contexts, such as a child’s home or classroom (Campbell et al., 2009).  

Ecologically valid assessment of executive function would be particularly meaningful in 

the identification of late effects and eventual development of appropriate interventions to 

mediate and/or manage executive function deficits. 

Ecological manifestation of difficulties.  Executive function performance can 

vary greatly depending on the environmental demands and specific information capacities 

being enacted.  In the school context, executive function difficulties are believed to not 



 42 

result in manifested learning disabilities; rather, executive function deficits are more 

likely to impact effective classroom performance, manifesting closer more in line with 

what has been described as “producing” disabilities (Denckla, 1996).  Learning 

disabilities in the absence of production difficulties are rarely recognized (e.g., student 

with superior intelligence, but average academic achievement).  When production 

difficulties co-occur with a learning disability, the likelihood of identification is 

significant.  When executive function deficits result in severe production difficulties, 

however, these producing impairments are frequently attributed to poor motivation or 

personality problems.  In pediatric ALL survivors, production difficulties may be 

attributed to adjustment difficulties following treatment.  Whereas learning is quite 

structured during the primary school years, the academic environment becomes 

increasingly unstructured and the likelihood of executive function difficulties impacting 

classroom learning and performance increases exponentially (McCloskey, Perkins, & 

Van Divner, 2009).  For some pediatric ALL survivors, white matter late effects are 

likely to have deleterious consequences on the interrelated performance of everyday 

executive function and academic production.  A greater understanding of these effects is 

likely to accurately educate the home and school system as to their possible 

manifestation, as well as inform the development of early intervention remediation and 

maintenance efforts.    
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Statement of the Problem 

The treatment of pediatric ALL has seen remarkable advances in the past 40 years 

and the majority of children diagnosed are now expected to survive and be cured 

following therapy.  As the majority of these children now live well into adulthood, 

investigators have begun to assess what cost, if any, is associated with treatment.  The 

present state of knowledge regarding the possible neurotoxic late effects of contemporary 

pediatric ALL treatment is insufficient.  While a sizeable literature has demonstrated the 

deleterious long-term effects of irradiation therapies past and present–contributing to the 

development of new, equally effective therapies that maintain survival rates while 

reducing the risk of neurotoxicity–little is known regarding the extent to which 

contemporary therapies (i.e., intrathecal and systemic chemotherapy and steroids) may 

result in late effects (Campbell et al., 2007; Moleski, 2000; Mennes et al., 2005).   

The most frequently studied late effects involve intellectual functioning and 

academic achievement (Moleski, 2000).  Less is known regarding the neurocognitive 

processes likely to underlie these effects.   Least understood are what, if any, late effects 

exist in the areas of processing speed and executive function.  This gap in the literature is 

problematic, given the evidence of detrimental effects of treatment neurotoxicity on white 

matter.  The integrity of white matter structure is crucial to information processing and 

white matter is particularly dense regions in associated with the performance of 

executive.  The diffuse nature of white matter damage may be responsible for an excess 

of mixed findings in the pediatric ALL late effects literature.  To date, few studies have 
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investigated the late effects of executive function in survivors.  Even fewer have 

investigated the late effects of treatment on the performance of executive function in 

everyday settings.  To date, no studies have investigated the relationship between 

processing speed and the performance of executive function across the home and school 

environments.   

This study examined potential processing speed and executive function late 

effects in pediatric ALL survivors.  As part of a full neuropsychological evaluation, 

processing speed was assessed using the Speed of Information Processing subtest of the 

Differential Ability Scales, Second Edition (DAS-II; Elliot, 2006), and the Coding and 

Symbol Search subtests of the Wechsler Intelligence Scale for Children, Fourth Edition 

(WISC-IV; Wechsler, 2003).  Executive function was assessed using the Parent and 

Teacher Forms of the Behavior Rating Inventory of Executive Function (BRIEF), a 

measure of everyday behavior associated with specific domains of the executive function 

(Gioia, Isquith, Guy, & Kenworthy, 2000).   Executive function was also explored using 

performance-based measures, including the Tower and Trail Making (Condition 4) tests 

of the Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 

2001).  This study asked the following research questions:   

(1) Are there neurocognitive late effects for processing speed among pediatric ALL 

survivors?  

(2) Do the independent variables elapsed time since completion of treatment, age at 

initiation of treatment, and intensity of treatment predict processing speed 

performance among pediatric ALL survivors?  
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(3) When holding the above independent variables constant, does gender predict 

processing speed among pediatric ALL survivors?  

(4) What is the degree of concordance for independent parent and teacher reports of 

executive function in pediatric ALL survivors on the Behavior Rating Inventory of 

Executive Function (BRIEF)?  

(5) Are there neurocognitive late effects for executive function, as measured by ratings 

on the BRIEF, among pediatric ALL survivors?  

(6) Do the independent variables elapsed time since completion of treatment, age at 

initiation of treatment, and intensity of treatment predict ratings of executive function 

performance among pediatric ALL survivors, as measured by the BRIEF?  

(7) When holding the above independent variables constant, does gender predict ratings 

of executive function among pediatric ALL survivors?  

(8) Is there a relationship between processing speed and measures of executive function 

among pediatric ALL survivors?  

(9) Does processing speed performance predict executive function performance among 

survivors of pediatric ALL? 

It is believed that findings from this research will contribute to the extant 

literature regarding neurocognitive late effects in pediatric ALL survivors following 

contemporary therapies.  It is anticipated this study will inform the development of 

differentiated early intervention protocols, involving parents, schools, and surrounding 

communities, that are tailored to meet the specific neurocognitive needs of the ALL 

survivor population.  The results of this study may also be used to inform educators of the 
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possible late effects of treatment, in addition to viable interventions for those late effects.  

Finally, it is hoped that findings from this research will contribute to further advances and 

development of future cancer therapies that minimize neurotoxicity while maximizing the 

efficacy of treatment.   
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CHAPTER III: METHOD 

Chapter three is divided into four major sections: Procedure, Participants, 

Instrumentation, and Experimental Design and Hypotheses.  The Procedure section 

includes the methods that were used to recruit participants and to collect, administer, and 

score the data.  The second section, Participants, describes inclusion criteria and the 

demographic information for the sample.  In the third section, Instrumentation, 

independent variables and dependent measures will be described, with the latter’s 

psychometric properties reviewed.  In the final section, Research Questions and 

Hypotheses, the study’s research questions and related hypotheses and rationale are 

presented. 

Procedure 

This study was in compliance with the ethical issues and standards of research 

delineated by the American Psychological Association (2002) and the Procedures 

Governing Research with Human Subjects at Dell Children’s Blood and Cancer Center of 

Central Texas (hereafter referred to as DCBCC) in Austin, Texas.   On December 17, 

2009, the Departmental Review Committee of the Department of Educational Psychology 

and the Institutional Review Board approved the study.  Parents/guardians of each child 

participant signed an IRB-approved consent form and each child participant signed a 

form of assent.  Copies of the study approval letter, consent form, and assent form can be 

found in Appendix B, C, D, and E. 
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RECRUITMENT OF PARTICIPANTS 

 Participants were recruited through LIVESTRONG in one of two ways, either as 

(1) individuals newly identified by a LIVESTRONG oncologist as meeting survivorship 

criteria (hereafter referred to as a New Survivor) or (2) individuals previously identified 

by a LIVESTRONG oncologist as meeting survivorship criteria and are scheduled for an 

annual follow-up meeting (hereafter referred to as Long Term Survivor).  New Survivors 

were referred for neuropsychological evaluation by their nurse practitioner or social 

worker as a standard component of their survivorship services.  Long Term Survivors 

were recruited by their nurse practitioner or social worker in conjunction with their 

annual LIVESTRONG checkup.   

Initial screening for the investigation resulted in 65 individuals identified by the 

LIVESTRONG Survivorship Center (LSC) at DCBBC as potential participants.  A 

recruitment flyer, describing the purpose of the study and procedures for contacting the 

principle investigators for interested individuals, was next distributed via mail to potential 

participants by the LSC in February of 2010 or in person by LSC staff to 

parents/guardians during their annual LIVESTRONG check-up (a standard of care for all 

cancer survivors).  Twenty-five individuals responded, but only 23  met this study’s 

inclusion criteria, as 2 were identified as having a developmental disability.  The sample 

was further reduced when 2 respondents elected not to participate or did not return when 

attempts were made to contact them, 1 was identified post-participation (i.e., completion 

of the neuropsychological evaluation) as having a history of cancer recurrence and 

radiation therapy, and 1 individual passed away prior to participation.  The final sample 
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was thus reduced to 19 participants. 

DATA COLLECTION 

 Youth participant data was attained via the completion of a neuropsychological 

evaluation assessing the following domains: general psychometric intelligence, academic 

achievement, memory, language and communication skills, motor and sensory 

functioning, spatial abilities, attention, executive function, and emotional and behavioral 

function.   Completion of testing required approximately 120-150 minutes and was 

administered in a one-to-one examination room setting within LIVESTRONG at 

DCBCC.  This study also collected questionnaire data from youth participant’s 

parents/guardians (N=18) and teachers (N=14), using the Behavior Rating Inventory of 

Executive Function (BRIEF) to assess participant performance of executive function in 

the natural environment.  To distribute the teacher ratings questionnaire, parents were 

asked to consent and distribute a packet to their child’s teacher that included a teacher 

consent form, the questionnaire, and an investigator-addressed, stamped envelope.  For 

non-respondent teachers, an additional attempt to have parents distribute the BRIEF 

questionnaire was made. 

Although this study only used data from measures of processing speed and 

executive function, other measures were administered for the purpose of attaining the 

necessary data to complete a full neuropsychological evaluation, including: Wechsler 

Abbreviated Scales of Intelligence (WASI); Wide Range Achievement Test, Fourth 

Edition (WRAT-4; selected subtests), Test of Memory and Learning, Second Edition 



 50 

(TOMAL-2; selected subtests), Wechsler Intelligence Scale for Children – Fourth Edition 

(WISC-IV; selected subtests), Differential Ability Scales, Second Edition (DAS-II; 

selected subtests), Halstead-Reitan Battery (selected subtests), Controlled Oral Word 

Association Test (COWAT), Tower and Trail Making tests of the Delis Kaplan Executive 

Function System (D-KEFS), and Behavior Assessment Scale for Children, Second 

Edition (BASC-2; Parent-Report, Self-Report, and Structured Developmental History 

form).   

The neuropsychological assessment battery was administered to each participant 

individually by one of two graduate students in School Psychology who was trained in 

individual assessment and who met qualification standards for the administration of these 

measures.  All measures were completed in a one-to-one testing at LIVESTRONG.  

Upon completion of each evaluation, the administrator scored each measure and wrote an 

integrated report which included summaries of the child’s functioning, implications for 

school and home functioning, and recommendations.  Each doctoral candidate was 

supervised by a Ph.D. level licensed neuropsychologist.  When each report was complete, 

the youth’s parent/guardian was given the option of receiving feedback over the phone 

summarizing the results of the evaluation.  A copy of the report was then sent to the 

parent/guardian and an additional copy was archived into the survivor’s medical record at 

LIVESTRONG. 
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DATA ANALYSIS AND SAMPLE SIZE 

Following assessment and scoring, data were entered into an archival database 

using the Statistical Package for the Social Sciences (SPSS, version 17.0).  Analyses were 

conducted at an alpha level of .05.  To enhance power, Bonferroni correction was not 

used to address the problem of Type I errors with multiple comparisons.  Power is the 

probability that a null hypothesis will be correctly rejected when using statistical 

analyses.   Power analysis can be used to calculate the minimum sample size necessary to 

detect significance using a specified statistical analysis (Keith, 2006).  Typical power 

analysis and sample size calculations are designed for heterogeneous populations (Cohen, 

1992), yet these methods are less applicable to studies examining rare, relatively 

homogeneous conditions such pediatric ALL.  In such instances, it has been suggested 

that existing research may provide a rationale for estimates of sample size, desired effect, 

and power (Hudson, 2009).  In the past 20 years, the vast majority of published research 

examining the late effects of chemotherapy in Survivors has included a mean sample size 

of 13 treatment participants and evidenced a medium effect size (Hedge’s g ranging from 

-0.34 to -0.71) for neurocognitive sequelae, when compared to healthy peer and sibling 

controls (see Campbell et al., 2007, for review).  While the present study does not include 

a true control group, a medium effect (i.e., 0.5 – 0.8; Cohen, 1992), when comparing 

performance to published norms, is expected and a sample size of 20 is estimated to 

achieve 80% power.  
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PARTICIPANTS 

This study included 19 youths designated by the LIVESTRONG Survivorship 

Center (hereafter referred to as LIVESTRONG) at Dell Children’s Blood and Cancer 

Center of Central Texas (hereafter referred to as DCBCC) in Austin, Texas as post-

treatment and living in survivorship (as determined by a LIVESTRONG oncologist) 

following treatment for pediatric acute lymphoblastic leukemia (ALL).  Typically, the 

designation of survivorship is given by an oncologist once a patient has completed 

treatment and is considered cancer-free for roughly one year.   

INCLUSION CRITERIA 

Study inclusion criteria were participants be (a) chemotherapy post-treatment, (b) 

in survivorship for pediatric ALL, (c) between 6 and 22 years of age, and (d) a primary 

English-speaker.  Youth were excluded from this study if they (a) underwent a bone-

marrow transplant, (b) had a recurrence of any form of cancer, (c) received radiation as 

part of their cancer treatment, (d) were identified with a developmental disability (i.e., 

mental retardation), or (e) were still undergoing treatment for ALL.  Additionally, 

individuals meeting school criteria for a visual or auditory impairment were excluded 

from participation.   

DEMOGRAPHICS 

Participants ranged from 10 to 19 years of age (M=14.66, SD=2.98), consisting of 

14 males and 5 females.  The sample had a somewhat higher ratio of males than typically 
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observed within the pediatric ALL population (Leukemia and Lymphoma Society, 2010).  

Guardian-reported race/ethnicity of the sample included 15 Caucasian and 4 Hispanic 

youths.   The distribution of the sample’s gender, age, and race/ethnicity is summarized 

in Table 1. 
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Table 1. 

 
Participant Demographics (N=19) 

 
Variable Frequency Percent 

Gender   

 Male 14 73.7 

 Female 5 26.3 

Age in years   

 10 1 5.3 

 11 2 10.5 

 12 2 10.5 

 13 2 10.5 

 14 2 10.5 

 15 2 10.5 

 16 2 10.5 

 17 4 21.1 

 18 1 5.3 

 19 1 5.3 

Race/Ethnicity   

 Caucasian 15 78.9 

 Hispanic 4 21.1 
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In regards to the cancer treatment history of participants, the time since 

completion of cancer treatment ranged from 2 to 11 years (M=6.49, SD=2.63), whereas 

the age at diagnosis ranged from 2 to 11 (M=5.21, SD=2.60).   Participant years since 

treatment completion and age at diagnosis are summarized in Table 2. 
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Table 2. 

 
ALL Treatment Summary (N=19) 

 
Variable Frequency Percent 

Years since treatment  

 3 3 15.8 

 4 2 10.5 

 5 1 5.3 

 6 3 15.8 

 7 3 15.8 

 8 1 5.3 

 9 3 15.8 

 10 1 5.3 

 11 1 5.3 

 12 1 5.3 

Age at diagnosis  

 2 2 10.5 

 3 4 21.1 

 4 3 15.8 

 5 2 10.5 

 6 3 15.8 

 7 1 5.3 

 8 2 10.5 

 10 1 5.3 

 11 1 5.3 

 

Concerning the cancer presentation of participants, the vast majority of 

participants were diagnosed with ‘standard risk’ ALL (n=14), while only 4 were 

diagnosed with ‘high-risk’ ALL.  Children’s Cancer Group (CCG) protocols 
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administered to the sample consisted of CCG 1991 (n=8), CCG 1952 (n=7), CCG 1961 

(n=3), and CCG 1882 (n=1).   The CCG was a cancer clinical trial cooperative group 

created with the mission of researching pediatric oncology.   The CCG 1991 and 1952 

protocols were intended for the treatment of standard-risk ALL, whereas the CCG 1961 

and 1882 protocols were intended for the treatment of high-risk ALL.  Please refer to the 

National Cancer Institute clinical trials website (www.cancer.gov) for a detailed 

description of these protocols. A summary of ALL risk stratification and chemotherapy 

protocol for the sample is summarized in Table 3.   

Table 3. 

 
ALL Treatment Summary (N=19) 

 
Variable Frequency Percent 

ALL Risk Status  

 Standard-risk 15 78.9 

 High-risk 4 21.1 

Chemotherapy Protocol  

 CCG 1991 8 42.1 

 CCG 1952 7 36.8 

 CCG 1961 3 15.8 

 CCG 1882 1 5.3 
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Instrumentation 

INDEPENDENT VARIABLES 

Risk factors identified within the literature were examined to explore their effect 

on the performance of processing speed tasks and executive function.  These included the 

time since completion of treatment, age at diagnosis, intensity of treatment received, and 

gender. 

Time since treatment completion.  There is increasing evidence that time 

elapsed since the completion of treatment is associated with risk for late effects.  While 

most studies indicate that late effects in survivors may initially manifest as subtle and do 

not result in functional impairment until as many as 4 to 5 years following treatment 

initiation (Brown et al., 1996; Cousens et al., 1988; Mennes et al., 2005).  Time since the 

completion of cancer treatment was calculated as the time (in days) between the date of 

treatment completion and the date of neuropsychological assessment.   

Age at cancer diagnosis.  Younger age at diagnosis is now accepted as a risk 

factor for late effects (Armstrong & Mulhern, 1999).  Age at diagnosis was examined as 

the time (in days) between a participant’s date of birth and their date of cancer diagnosis.   

Gender.  Research suggests that females are at greater risk for cognitive late 

effects than males (Buizer et al., 2005a, 2005b; Waber et al., 1996).  Self-identified 

gender was used for analysis in this study. 
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Treatment intensity.  Contemporary ALL treatment protocols emphasize the use 

of risk-based stratification (i.e., process of tailoring treatment according to a predicted 

risk of relapse).  The intensity of cancer treatment protocols has been found to be 

associated with poorer neurocognitive late effects (Buizer et al., 2005a, 2005b).   Those 

with a high-risk presentation of ALL receive more aggressive treatment, whereas 

standard-risk ALL is treated with effective levels of therapy that minimize unnecessary 

exposure to treatments associated with short- and long-term risks (Eiser & Tillman, 

2001).  For the purpose of this study, individuals receiving a standard-risk ALL protocol 

were compared to those receiving a high-risk protocol.   

DEPENDENT VARIABLES 

Wechsler Intelligence Scale for Children, Fourth Edition.  The Wechsler 

Intelligence Scale for Children, Fourth Edition (WISC-IV), is an individually 

administered measure of psychometric intelligence for use with children ages 6-16 

(Wechsler, 2003).  The WISC-IV standardization sample included 2,200 examinees and 

is considered representative of the March 2000 United States Census in terms of gender, 

race, age, parent education level, and geographical regions (Wechsler, 2003).  While the 

WISC-IV is comprised of 15 subtests, only two of them were used for analysis in this 

study.  The Coding subtest is a measure of visual perception, mental processing speed, 

visual-motor coordination and short-term memory and requires the examinee to copy 

symbols according to a key that pairs shapes with numbers.  The subtest includes 119 

items and has a 120-minute time limit within which to complete as many items as 
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possible.  Raw scores are calculated by summing the number of accurately copied 

responses.  Items not completed within the time limit are not scored as incorrect.  

Average test-retest reliability estimates were .85 and overall average standard error of 

measurement was 1.20 (Wechsler, 2003).  The Symbol Search subtest is a measure of 

mental processing speed and accuracy and requires the examinee to scan whether one of 

two figures in a group matches one of 5 figures in a target group and then mark the 

appropriate “Yes” or “No” box if the figures do or do not match.  The subtest includes 45 

items and has a 120-minute time limit within which to complete as many items as 

possible.  Raw scores are calculated by subtracting the number of incorrect responses 

from the number of correct responses.  Items not completed within the time limit are not 

scored as incorrect.  Average test-retest reliability estimates were .79 and overall average 

standard error of measurement was 1.36 (Wechsler, 2003). 

Differential Ability Scales - Second Edition.  The Differential Ability Scales - 

Second Edition (DAS-II; Elliot, 2006) is an individually administered battery of cognitive 

subtests for children and adolescents.  The DAS II standardization sample is considered 

representative of the October 2002 United States Census data for children ages 2-years-6-

months (2:6) to 17:11 (Elliot, 2006).  Subtests of the DAS-II are divided into two 

overlapping batteries, each with their own record form and administration instructions: 

the Early Years battery is intended for the use with 2:6–6:11, whereas the School-Age 

battery is for children ages 7:0–17:11.   For children ages 6 and older, the DAS-II 

includes 14–16 subtests, depending on age; however, only one was used in this study.  

The Speed of Information Processing subtest is a measure of speed in simple quantitative 
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comparisons and requires the examinee to process either an array of numbers and circle 

the largest value or scan an array of circles and crossing out the circle containing the 

largest value of squares.  The subtest includes a total of 6 pages containing 5 rows each 

and scoring is based upon completion times for each page.  Average test-retest reliability 

estimates were .74 in the normative sample (Elliot, 2007). 

Processing speed composite.  Processing speed was measured using the Coding 

(CD), Symbol Search (SS), and Speed of Information Processing (SIP) subtests of the 

WISC-IV and DAS-II.  These tests (or their previous versions) have been used in the 

extant research literature (Campbell et al., 2007; Feldmann, Kelly, Diehl, 2004; Ofiesh, 

Mather, & Russell, 2005) and have been demonstrated to be positively correlated, 

reliable, and valid measures of processing speed (Ashman et al., 2008; Elliot, 2007; 

Feldman, Kelly, & Diehl, 2004; Kail, 1997; McGrew, Schrank, & Woodcock, 2007; 

Wechsler, 2003).   

To attain a more robust estimate of processing speed, a z-score Processing Speed 

Composite (PSC) was calculated from the scaled and T-scores of each individual’s 

performance on the CD, SS, and SIP.  Individual subtest scores were first converted from 

their original standard score to a z-score using the formula z = (χ - µ)/σ.  Processing speed 

z-scores are summarized in Table 5.  To determine the degree to which these subtests 

measured the same construct (i.e., processing speed), Pearson product-moment 

correlation coefficients were then computed between the CD, SS, and SIP z-scores.  

Significant, positive correlations were found and a PSC z-score was subsequently 
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calculated by averaging the z-scores of the three processing speed subtests.  Results of 

the correlation coefficients are summarized in Table 4. 

 

Table 4. 

Correlation Coefficients Among Processing Speed Subtests 

Subtest 1 2 3 

1.  CD -   

2.  SS .702
**

 -  

3.  SIP
 

.575
**

 .629
**

 - 

Note: CD = Coding, SS = Symbol Search, SIP = Speed of Information 

Processing.   

* All coefficients are significant at p < .01. 

 

Behavior Rating Inventory of Executive Function.  The Behavior Rating 

Inventory of Executive Function (BRIEF; Gioia et al., 2000) is a questionnaire completed 

by parents and teachers of children and adolescents.  It is designed to provide a better 

understanding of a child’s self-control and problem-solving skills by measuring eight 

aspects of executive functioning.  The executive functions are mental processes that 

direct a child’s thought, action, and emotion, particularly during active problem solving.  

Specific skills include (a) selecting appropriate goals for a particular task, (b) planning 

and organizing an approach to problem solving, (c) initiating a plan, (d) inhibiting 

(blocking out) distractions, (e) holding a goal and plan in mind, (f) flexibly trying a new 

approach when necessary, and (g) checking to see that the goal is achieved.  Executive 
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functions are also involved in the regulation of an individual’s emotional responses, 

thereby allowing for more effective problem solving (Gioia et al., 2000). 

The Parent and Teacher form each require approximately 15 minutes to complete 

and consist of 86 questions displayed in a forced-choice format (i.e., “Never,” 

“Sometimes,” or “Often”).  Normative data is broken down by form (Parent/Teacher), 

age, and gender of the child.  Raw scores are converted to T scores obtained from a 

normative table to the gender, age range, and rater form with higher T scores indicating 

poorer executive function (Gioia et al., 2000).  The manual states that T scores of 65 or 

above should be interpreted as clinically significant (Gioia et al., 2000).   

The BRIEF yields a summary score of eight clinical scales of executive function, 

called the General Executive Composite (GEC).  The GEC is comprised of two indices, 

the Behavioral Regulation Index (BRI) and the Metacognitive Index (MI).  The BRI 

represents an individual’s ability to cognitively shift and modulate emotional and 

behavioral responses via appropriate inhibitory control, whereas the MI represents one’s 

“ability to initiate, plan, organize, and sustain future-oriented problem-solving in working 

memory” (Gioia et al., 2000, pg.  20). A diagram summarizing the domains and subscales 

of the BRIEF can be found in Appendix F. 

The BRI is derived from three subscale scores: Inhibit, Shift, and Emotional 

Control.  Inhibit assesses “inhibitory control (i.e., the ability to inhibit, resist, or not act 

on an impulse) and the ability to stop one’s own behavior at the appropriate time);” Shift 

assesses  “ability to move freely from one situation, activity, or aspect of a problem to 

another as circumstances demand;” and Emotional Control assesses the “manifestation of 
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executive functions within the emotional realm and assesses a child’s ability to modulate 

emotional responses” (Gioia et al., 2000, pg.  17-18). 

The MI is derived from five subscale scores: Initiate, Working Memory, 

Plan/Organize, Organization of Materials, and Monitor.  Initiate assesses executive 

behaviors involved in “beginning a task or activity, as well as independently generating 

ideas, responses, or problem-solving strategies;” Working Memory assesses the “capacity 

to hold information in mind for the purpose of completing a task;” Plan/Organize 

assesses “ability to manage current and future-oriented task demands;” Organization of 

Materials assesses “orderliness of work, play, and storage spaces (e.g., such as desks, 

lockers, backpacks, and bedrooms);” and Monitor assesses “work-checking habits (i.e., 

whether a child assesses his or her own performance during or shortly after finishing a 

task to ensure appropriate attainment of a goal” (Gioia et al., 2000, pg.  18-20). 

The standardization sample for the BRIEF Parent Form is based on ratings from 

1,419 parents, whereas the Teacher Form is based on a sample of 720 teachers.  The 

sample from rural, suburban, and urban areas, is representative of 1999 U.S.  Census 

estimates for SES, ethnicity, and gender distribution and is consider (Gioia et al., 2000).  

The BRIEF demonstrates high internal consistency (.97 to .98) and test-retest reliability (r 

= .80 to .98) estimates for normative and clinical samples (Gioia et al., 2000).  

Convergent validity has been established with other measures of inattention, impulsivity, 

and learning skills and divergent validity has been demonstrated against measures of 

emotional and behavioral functioning.  Parent and Teacher Form interrater reliability 

estimates were shown to be generally moderate (r = .32) and the authors report these 
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findings may be the result of differences in environmental demands and structure 

between the home and school (Gioia et al., 2000).  Consistent with previous research, the 

Parent Form ratings were found to be significantly greater than Teacher Form ratings on 

all scales (Achenbach et al., 1987; Gioia et al., 2000; Papageorgiou et al., 2008).  

Empirical evidence supports the validity and clinical utility of the BRIEF with a number 

of clinical child populations, such as Attention-Deficit/Hyperactivity Disorder (AD/HD, 

combine and subtypes) and Traumatic Brain Injury (Gioia et al., 2000).   

Delis-Kaplan Executive Function System.  Executive function was also 

measured using the Tower and Trail Making (Condition 4) performance-based tests of 

Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001), a 

neuropsychological test battery that can be employed in assessing children with 

neurodevelopmental pathologies.  The D-KEFS was developed to test individuals from 

ages 8 to 89 years and is comprised of nine tests: Trail Making Test, Verbal Fluency Test, 

Color-Word Interference Test, Sorting Test, Twenty Questions Test, Word Context Test, 

Design Fluency Test, Tower Test, and Proverb Test.  For the purpose of this study, two 

D- KEFS tasks (Tower test, Trail making test [Condition 4]) were used to assess the 

executive function of planning and cognitive flexibility/switching, respectively.  As the 

D-KEFS subtests were normed as stand-alone tests, the authors indicate it is appropriate 

to select and administer individual subtests to assess specific executive function abilities 

(Delis, Kaplan, & Kramer, 2001).  Interpretation of the D-KEFS tests includes conversion 

of raw scores to age-corrected scale scores with a mean of 10 and standard deviation of 3.  

The D-KEFS was standardized on a stratified sample of 1,750 individuals.  Of this 
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sample, 700 were children whose ages ranged from 8 to 15 years, 700 were between ages 

16 and 59 years, and 350 were between ages 60 and 89 years. 

The Tower test is a measure of spatial planning, rule learning, inhibition of 

impulsive responding, inhibition of perseverative responding, and establishing and 

maintaining the instructional set (Delis, Kaplan, & Kramer, 2001).  The task requires that 

individuals move disks across three pegs to build a tower in the fewest number of moves 

possible.  For the purpose of this study, the final achievement scaled score was used to 

assess planning ability.  Internal consistency reliability estimates calculated across age 

groups for the Tower’s total achievement score demonstrated moderate to high 

coefficients, whereas test-retest reliability correlations were in the moderate range (Delis, 

Kaplan, & Kramer, 2001).  Standardization data was also suggestive of low standard 

errors of measurement, using test-retest and internal consistency reliability estimates.   

The Trail Making test is a brief (5 to 8 minutes) pencil-and-paper, timed task of 

up to five separate conditions.  The test measures complex visual scanning, motor speed, 

attention, and executive function, particularly the ability to shift cognitive set (Lezak, 

1995; Stuss et al., 2001).  Internal consistency reliability for the Trail Making test was 

acceptable (i.e., from .57 to .81).  For the purposes of this study, only Trail Making 

Condition 4 was used.  Condition 4 assesses an individual’s ability to efficiently shift set 

between numbers in numeric and English word forms (e.g., 1, two, 3, four).   
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Research Questions and Hypotheses 

Below, the research questions, hypotheses, and rationale related to late effects 

(i.e., impaired functioning) in Survivors (hereafter referred to as Survivors) are 

delineated.  First, processing speed is examined using performance-based measures.  

Next, variables considered risk factors were examined to determine their significance in 

predicting processing speed performance.  Then, parent and teacher ratings of survivors 

of ALL were examined to determine the existence of executive function late effects.  

Included in the analysis of executive function is the agreement among parent and teacher 

ratings, the performance of survivors of ALL in diverse domains of executive function, 

and the significance of risk factor variables in predicting ratings of executive function.  

Finally, the predictive value of processing speed performance was examined in 

estimating ratings of executive function.   

RESEARCH QUESTION 1 

Are there neurocognitive late effects for processing speed among Survivors?  

Hypothesis1.  Survivors will demonstrate significantly poorer performance on a 

processing speed composite (PSC) composed of several tests of processing speed (i.e., 

Coding [CD], Symbol Search [SS], Speed of Information Processing [SIP]).   

Rationale.  Previous meta-analyses (Campbell et al., 2007; Peterson et al., 2008) 

and a literature review (Moleski, 2000) have indicated Survivors exhibit significant, yet 

inconsistently poorer performance on measures of processing speed.  While variance in 

research design (e.g., methodological variability, heterogeneous samples) is thought to 
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contribute to these mixed findings (Campbell et al., 2007), it is expected that subjects in 

the present study will exhibit poorer processing speed performance.  This hypothesis is 

further supported by findings of declines in white matter integrity in survivors treated 

with chemotherapy, as integrity of white matter is critical in the rapid transmission of 

signals along white matter tracts of the brain (Carey et al., 2008; Dellani et al., 2008; 

Reddick et al., 2006). 

RESEARCH QUESTION 2 

Do the independent variables age at initiation of treatment, intensity of treatment, 

and elapsed time since completion of treatment predict processing speed performance 

among Survivors?  

Hypothesis.  Greater elapsed time since completion of treatment (Time), lower 

age at diagnosis (Age), and higher intensity of treatment (Intensity) will predict poorer 

performance on the PSC.   

Rationale.  The most convincing data concerning increased risk for treatment-

induced late effects is that of younger age at diagnosis.  Children younger than 5 years of 

age at diagnosis have evidenced significantly greater declines in intellectual functioning 

over time, as compared to same-age peers (Buizer et al., 2005 Von der Weid et al., 2003; 

Précourt et al., 2002).  As cortical gray matter development has been shown to peak near 

age 4 and the development of white matter continues to progress late into the second 

decade of life (Pfefferbaum et al., 1994), it is hypothesized that increased risk is the result 

of brain structures that are less neurodevelopmentally mature and, thus, increasingly 
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vulnerable to neurotoxic insult (Mulhern, Reddick, & Palmer, 1999; Mulhern et al., 

2001).  Intensity of treatment has also been linked to neurocognitive late effects, with 

particular functional implications for attention and visuomotor functioning (Buizer et al., 

2005a; 2005b).  It is believed increased risk is predominantly restricted to high dose, 

systemic methotrexate, yet associations with intrathecal treatment have also been 

reported (Pui, 2006).  In addition, some have implicated other treatment modalities, such 

as corticosteroids (e.g., dexamethasone), in survivor late effects (Waber et al., 2000).  

While the data supporting the hypothesis for increased risk following greater time elapsed 

since completion of treatment is tentative, studies indicating that late effects do not 

become apparent until 4 to 5 years following treatment would support such an 

assumption (Brown et al., 1996; Cousens et al., 1988; Mennes et al., 2005). 

 RESEARCH QUESTION 3 

When controlling for the above independent variables, does gender have an effect 

on processing speed among Survivors?  

Hypothesis.  Female gender will predict poorer performance (than male gender) 

on the PSC.   

Rationale.  Gender-related risk of late effects in Survivors has long been known 

(Pui, 2006; Waber et al., 1990).  It has been posited that developmental differences in 

male and female white matter maturation account for increased risk among female 

Survivors (Carey et al., 2008; Schmithorst, 2009).  Despite previous research, the gender-
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related risk for processing speed, particularly for contemporary treatments remains poorly 

understood and warrants further examination.   

RESEARCH QUESTION 4 

 What is the degree of concordance among independent parent and teacher reports 

of executive function in Survivors? 

 Hypothesis 4a.  Parent-teacher interrater reliability coefficients will be positively 

correlated, but low (i.e., r = .10 - .30).   

Rationale 4a.  Examination of the degree to which parents and teachers agree on 

executive function provides an estimate of the behavioral stability of executive function 

across the home and school setting; however, as the demands of the home and school 

environment typically differ, rating scale concordance is usually lower among parent-

teacher ratings (i.e., r = .30 – 50) than for parent-parent or teacher-teacher ratings 

(Achenbach & Adelbrock, 1986).  On the BRIEF, similarly low correlations (mean r = 

.32) were found between parent-teacher ratings on like scales for a subset of the 

normative sample (n = 296; Gioia et al., 2000).  The Initiate (r = .18) and Organization of 

Materials (r = .15) subscales were notably lower and Gioia and colleagues (2000) posited 

these findings are likely an artifact of increased structure and organization, particularly 

for younger children, in the school environment. 

Hypothesis 4b.  Parents and teachers will differ in their ratings on the behavioral 

regulation index (BRI) and metacognition index (MI) on the BRIEF. While ratings are 

expected to be positively correlated, it is anticipated that parents will report greater 
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severity of executive function difficulties (i.e., higher z-scores) across BRIEF scales of 

the BRI, whereas teachers will report greater severity of executive function difficulty 

across BRIEF scales of the MI.   

Rationale 4b.  Previous research with the BRIEF for the ADHD diagnostic group 

has found parent ratings significantly elevated for all BRIEF scales compared to teacher 

ratings (Gioia et al., 2000; Mares et a l., 2007; Isquith, Gioia, & Espy, 2004).  Similar 

findings have been reported with other diagnostic groups and measures (Boyle et al., 

1996; Rapin, Steinberg, & Waterhouse, 1999; Verhulst & Van der Ende, 1991).  

Consistent with these findings, it would seem prudent to expect similar findings for the 

participants in this study.  However, given the differential executive function 

requirements for the home and school environments, it is expected that teachers are more 

likely to observe difficulties with metacognitition within the school system, whereas 

parents are more likely to observe behavioral regulation difficulties within the home 

system. 

RESEARCH QUESTION 5 

Are there neurocognitive late effects for executive function among Survivors?  

Hypothesis 5a.  Parent and teacher ratings of child executive function will 

indicate significantly poorer performance across the clinical scales of the MI (i.e., 

Initiate, Working Memory, Plan/Organize, Organization of Materials, Monitor) when 

compared to relevant age-, gender-, and rater-appropriate norms data (hereafter referred 
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to as published norms).  It should be noted that higher scores indicate greater severity of 

executive function difficulty (i.e., poorer performance of these abilities).   

Rationale 5a.  Declines in white matter integrity following ALL treatment 

have been associated with decreased performance in domains of executive function, such 

as working memory and cognitive flexibility (Carey et al., 2008).  Recent research 

(Campbell et al., 2009) using parent reports of executive function has indicated poorer 

working memory performance in Survivors, when compared to healthy controls, but not 

significantly poorer performance on other measures of executive function (i.e., inhibition, 

cognitive shifting, monitoring of task performance).  Consistent with these findings, it is 

expected that parents in the present study will report poorer Survivor performance across 

all scales of the metacognition index (i.e., Initiate, Working Memory, Plan/Organize, 

Organization of Materials, and Monitor scales of the BRIEF) when compared to 

published norms.   

Hypothesis 5b.  Parent and teacher ratings of child executive function will not 

indicate significantly poorer Survivor performance across the clinical scales of the BRI 

(i.e., Inhibit, Shift, Control), when compared to published norms.   

Rationale 5b.  Consistent with previous research findings indicating that 

Survivors do not exhibit clinically significant symptoms of emotional regulation, when 

compared to healthy controls (Burgess & Haaga, 1998; Campbell et al., 2009; Phipps & 

Steele, 2002), parent and teacher ratings in the present study are not expected to indicate 

poorer performance across the clinical scales of the BRI (i.e., Inhibit, Shift, Emotional 

Control), when compared to published norms.   



 73 

RESEARCH QUESTION 6 

Do the independent variables elapsed time since completion of treatment, age at 

initiation of treatment, and intensity of treatment predict ratings of executive function on 

the BRIEF among Survivors?  

Hypothesis.  Greater elapsed time since completion of treatment (Time), lower 

age at diagnosis (Age), and higher intensity of treatment (Intensity) would predict 

ultimately greater severity of metacognition executive function difficulties, as rated by 

parent and teacher ratings on the MI index of the BRIEF. 

Rationale.  Consistent with the above rationale and hypotheses regarding risk 

factors from Research Question 5, as well as poorer ratings across all metacognition 

scales, low parent-teacher interrater agreement, and greater severity level ratings for 

parent-reports of behavior, it would seem plausible to expect findings consistent with 

these assumptions. 

RESEARCH QUESTION 7 

When controlling for the above independent variables (i.e., Time, Age, Intensity), 

does gender predict greater levels executive function late effects (as measured by Parent 

and Teacher ratings on the BRIEF)? 

Hypothesis.  Female gender will predict poorer performance (i.e., elevated 

standard scores) across parent and teacher ratings on the BRIEF. 

Rationale.  Consistent with the rationale and hypothesis regarding greater late 

effects risk for female gender, it is suspected that, when controlling for the independent 
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variables age at initiation of treatment, intensity of treatment, and elapsed time since 

completion of treatment, a similar pattern of greater risk of neurocognitive late effects 

will be observed on the MI. 

RESEARCH QUESTION 8 

Is there a relationship between processing speed and executive function among 

Survivors?  

Hypothesis.  Processing speed and executive function will exhibit a positive 

relationship.   

Rationale.  Previous research has linked lower processing speed to lower 

executive function performance in ALL survivors following cranial radiation therapy 

(Schatz, Kramer, Ablin, & Matthay, 2000).  Links between processing speed and 

executive function have also been demonstrated in the attention-deficit hyperactivity 

disorder literature (Filipek et al., 1997), sluggish cognitive tempo literature (Reeves et al., 

2007), the multiple sclerosis literature (Drew, Starkey, & Isler, 2008), and findings from 

traumatic brain injury research (Tasker, 2006).  While declines in processing speed and 

executive function have also been demonstrated in normal aging, it is believed that age-

related declines in white matter integrity may account for these changes (Charlton et al., 

2008).  As ALL survivors frequently exhibit declines in white matter integrity (Dellani et 

al., 2008; Reddick et al., 2006; Carey et al., 2008), it would seem sensible to hypothesize 

a similar relationship between processing speed and executive function in this population.   
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RESEARCH QUESTION 9 

Does processing speed performance predict executive function performance 

among Survivors?  

Hypothesis.  Lower scores on tasks of processing speed will predict greater 

difficulty (i.e., higher scores) on tasks of executive function, as measured by Parent and 

Teacher composite and index ratings on the BRIEF.   

Rationale.  Previous research has linked lower processing speed to lower 

executive function performance in ALL survivors following cranial radiation therapy 

(Schatz, Kramer, Ablin, & Matthay, 2000).  Links between processing speed and 

executive function have also been demonstrated in the attention-deficit hyperactivity 

disorder literature (Filipek et al., 1997), sluggish cognitive tempo literature (Reeves et al., 

2007), the multiple sclerosis literature (Drew, Starkey, & Isler, 2008), and findings from 

traumatic brain injury research (Tasker, 2006).  While declines in processing speed and 

executive function have also been demonstrated in normal aging, it is believed that age-

related declines in white matter integrity may account for these changes (Charlton et al., 

2008).  As ALL survivors frequently exhibit declines in white matter integrity (Dellani et 

al., 2008; Reddick et al., 2006; Carey et al., 2008), it would seem sensible to hypothesize 

a similar relationship between processing speed and executive function in this population.   
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CHAPTER IV: RESULTS 

This chapter is divided into four sections: Preliminary Analyses, Descriptive 

Statistics, Main Analyses, and Exploratory Analyses. First, the Preliminary Analyses 

section includes a discussion of missing data patterns and mechanisms for the study’s 

dependent variables, as well as the testing of their normality assumptions. Second, 

Descriptive Statistics are provided regarding participant performance on dependent 

variable measures of processing speed and executive function. Third, in the Main 

Analyses section, results are provided for each research question hypothesis. This section 

follows an order of examining: (a) processing speed late effects, followed by analyses for 

the predictive value of late effects risk factor variables (i.e., time since completion of 

treatment, age at diagnosis, intensity of cancer treatment, and gender) with processing 

speed as the outcome; (b) the relationships among Parent and Teacher Form ratings of 

child/adolescent executive function; (c) executive function late effects, followed by 

analyses of the predictive value of late effects risk factor variables with behavioral ratings 

of executive function as the outcome; and (d) the relationships between processing speed 

and executive function. In the fourth section, Exploratory Analyses are conducted to 

extend findings from the Main Analyses section, as well as examine executive function 

late effects on performance-based measures (i.e., Tower and Trail Making tests of the D-

KEFS). All analyses were conducted using the Statistical Package for the Social Sciences 

(SPSS) for Windows using an alpha level of 0.05.   
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Preliminary Analyses 

MISSING DATA 

Although the Parent and Teacher Forms of the BRIEF questionnaire were 

distributed for all participants, the number of respondents differed between Parent (n = 

18) and Teacher (n = 14) Forms. An examination of a potential missing data pattern was 

subsequently conducted to determine whether a mechanism of ‘missingness’ for the 

dependent variable (i.e., Teacher Form of the BRIEF) was related to some combination of 

predictor variables (Graham, Cumsille, & Elek-Fisk, 2003).  

Mechanisms of missingness can be categorized as: (1) missing completely at 

random (MCAR), essentially random processes; (2) missing at random (MAR), processes 

that are represented by variables in the data set and what caused the data to be missing 

does not depend upon the missing data itself; or (3) not missing at random (NMAR), 

processes that have not been measured and are missing for a specific reason (Graham et 

al., 2003). One way to explore the pattern of missingness is to create a missing data 

dummy code and correlate it with the other variables in the data set (Acock, 1997). A 

significant strong correlation would indicate that missing data are related to other 

variable(s) in that data set and therefore cannot be MCAR. A dummy coded variable was 

created to represent data that was either ‘missing’ or ‘present’ in regards to the Teacher 

Form data and it was posited that the variables of age, FSIQ, and Parent Form BRIEF 

ratings (Global Executive Composite) could have potentially functioned as a mechanism 

for the Teacher Form missingness.  
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Pearson product-moment correlation coefficients were subsequently calculated 

between the missing data cases and variables and no significant correlations were 

detected. Although no significant differences were found for the selected independent 

variables, it would be difficult to prove that missing data patterns are MCAR and a more 

conservative interpretation of the not significant results that the Teacher BRIEF data is 

MAR would be recommended (Graham et al., 2003). It should be noted that if 

missingness was due to some combination of predictor variables, the biases for such a 

phenomenon are controlled for by the use of a listwise deletion procedure for missing 

data. Thus, for statistical analyses that included comparisons between unequal groups, the 

use of listwise deletion was used to correct for incomplete cases.  

NORMALITY ASSUMPTIONS  

Pre-data analysis screening procedures were conducted to test the assumptions of 

t-tests for any potential violations.  Histograms, scatterplots, and frequencies were 

generated to visually screen and graphically analyze all dependent variables included in 

this study (i.e., measures of processing speed and executive function) and examine 

whether the data met assumptions of normality (Keith, 2006). Data were screened to test 

the assumptions of multiple regression for any potential violations. Histograms, 

scatterplots, and frequencies were generated for measures of processing speed and 

executive function, and inspection of these procedures suggested a normal distribution. 

The dependent variable data were evenly distributed eliminating the need for any 

corrections for skewness. Skewness and kurtosis data are summarized below in Table 5. 
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Table 5. 

Kurtosis and Skewness Statistics for Dependent Variables 

Variable 
N Skewness Kurtosis N Skewness 

Statistic Statistic Std. Error Statistic Std. Error 

Coding 19 -.088 .524 -.150 1.014 

Symbol Search 19 -.914 .524 1.604 1.014 

Speed of Information Processing 18 -.905 .536 1.120 1.038 

Tower 19 .530 .524 -.680 1.014 

Parent BRIEF      

   Global Executive Composite 18 .417 .536 -.727 1.038 

       Behavioral Regulation Index 18 .398 .536 -.582 1.038 

              Inhibit 18 1.418 .536 2.360 1.038 

              Shift 18 .576 .536 -.558 1.038 

              Emotional Control 18 .334 .536 -1.030 1.038 

              Initiate 18 -.445 .536 -.814 1.038 

       Metacognitive Index 18 .389 .536 -.961 1.038 

              Working Memory 18 .451 .536 -.771 1.038 

              Plan/Organize 18 .623 .536 -.987 1.038 

              Organization of Materials 18 -.315 .536 -1.559 1.038 

              Monitor 18 .128 .536 -1.119 1.038 

 



 80 

 

 

Table 5 continued. 

Kurtosis and Skewness Statistics for Dependent Variables 

Variable 
N Skewness Kurtosis N Skewness 

Statistic Statistic Std. Error Statistic Std. Error 

Teacher BRIEF      

   Global Executive Composite 12 .554 .637 -.753 1.232 

       Behavioral Regulation Index 12 1.306 .637 .800 1.232 

              Inhibit 12 .872 .637 -.731 1.232 

              Shift 12 .948 .637 .698 1.232 

              Emotional Control 12 1.444 .637 1.732 1.232 

              Initiate 12 .409 .637 .095 1.232 

       Metacognitive Index 12 .853 .637 .050 1.232 

              Working Memory 12 .719 .637 -.718 1.232 

              Plan/Organize 12 .957 .637 .794 1.232 

              Organization of Materials 12 1.942 .637 3.277 1.232 

              Monitor 12 .385 .637 -.667 1.232 
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Descriptive Statistics 

Participant performance on dependent variables of processing speed and 

executive function was estimated by converting raw scores to standard scores relative to 

the published norms data for each measure. As the study did not include a control group, 

tests of significance were calculated by comparing participant standard scores with a 

standard normal distribution of scores.  For z-scores, the standard normal distribution was 

μ = 0 and σ = 1, whereas for T-scores, the distribution was μ = 50 and σ = 10. Within this 

context, processing speed late effects were examined by comparing participant (z-score) 

performance on tasks of processing speed to the population mean (test value=0). 

Executive function late effects were examined using behavioral ratings from the Parent 

and Teacher Form of the Behavior Rating Inventory of Executive Function (BRIEF). 

Executive function late effects were examined by comparing Parent and Teacher Form 

ratings to a population mean for T-scores (test value = 50).  Executive function late 

effects were also examined comparing participant z-scores from the performance-based 

Tower and Trail Making (Condition 4) tests of the Delis-Kaplan Executive Function 

System (D-KEFS) to the population mean (test value=0).  Means and standard deviations 

for measures of processing speed and performance-based executive function are 

summarized in Table 5, whereas Parent and Teacher Form ratings of executive function 

are summarized in Table 6. 



 82 

 

 

Table 6. 

Z-score Descriptive Statistics for Processing Speed and Executive Function (N=19) 

Variable M SD 

PSC
 

-.4980 .85362 

    CD
 

-.7193 .93797 

    SS
 

-.1579 1.07364 

    SIP
 

-.6167 .92691 

Tower
 

.3684 .72771 

Trail Making -.2632 1.4342 

Note: PSC = Processing Speed Composite, CD = Coding subtest of the WISC-IV, SS = Symbol 

Search subtest of the WISC-IV, SIP = Speed of Information Processing subtest of the DAS-II, FSIQ 

= Full Scale Intelligence Quotient of the WASI. Tower = Tower subtest and Trail making = Trail 

making subtest (Condition 4) of the D-KEFS.  
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Table 6 continued. 

T-score Descriptive Statistics for Parent and Teacher Form BRIEF Ratings 

 Parent Form Teacher Form 

Variable M SD M SD 

Global Executive Composite (GEC) 60.61 11.382 62.57 9.725 

     Behavioral Regulation Index (BRI) 57.39 11.505 56.57 10.308 

Inhibit 54.44 12.035 53.54 9.241 

Shift 56.67 10.895 59.57 13.328 

Emotional Control 58.39 14.022 55.29 13.459 

     Metacognition Index (MI) 61.11 10.192 64.86 10.726 

Initiate 61.06 10.183 63.64 9.492 

Working Memory 58.89 12.607 67.79 9.065 

Plan/Organize 59.83 11.794 61.71 12.256 

Organization of Materials 60.50 9.031 58.00 14.428 

Monitor 58.83 10.360 61.79 9.601 

Note: Parent Form n=18, Teacher Form n=14. 
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Main Analyses 

RESEARCH QUESTION 1  

Research Question 1 asked whether survivors of pediatric ALL would exhibit 

processing speed late effects. It was hypothesized participants would demonstrate 

significantly poorer performance on a processing speed composite (PSC) composed of 

several tests of processing speed (i.e., Coding [CD], Symbol Search [SS], Speed of 

Information Processing [SIP]).  One-tailed, one-sample t-tests were used to compare 

participant performance on the PSC to a presumed population mean of zero for a normal 

z-score distribution. Performance on the individual subtests comprising the composite 

were examined in an equivalent manner. Cohen's d effect size calculations (Cohen, 1988) 

were made using the means and standard deviations of the sample group and a population 

group (i.e., M=0, SD=1). 

When compared to the population mean, the difference in means was statistically 

significant for the PSC (t [18] = -2.543, p = .01). Examination of the individual subtests 

of the PSC showed a statistically significant difference for CD (t [18] = -3.343, p = .002) 

and SIP (t [18] = -2.900, p = .005), whereas the comparison between the population mean 

and SS was not significant (t [18] = -.641, p = .265). The difference demonstrated a 

medium effect size for the PSC (d = -.5357). Examination of the individual tests 

comprising the PSC demonstrated a medium effect for CD (d = -.7419) and SIP (d = -

.6396), whereas the SS effect was small (d = -.1522).  In sum, the analyses provide 

support for the hypothesis that pediatric ALL survivors would demonstrate significantly 
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poorer processing speed performance. The results for Research Question 1 are 

summarized in Table 7. 

Table 7. 

One-Tailed, One-Sample T-Tests for Processing Speed 

Measure M SD t (18) p Cohen’s d* 

PSC -.4980 .85362 -2.543 .01 -.5357 

   CD -.7193 .93797 -3.343 .002 -.7419 

   SS -.1579 1.07364 -.641 .265 -.1522 

   SIP -.6167 .92691 -2.900 .005 -.6396 

*Small effect .20; medium effect .50; large effect .80 (Cohen, 1992). 

 

RESEARCH QUESTION 2  

This question asked whether the independent variables age at initiation of 

treatment, intensity of treatment, and elapsed time since completion of treatment predict 

processing speed performance among pediatric ALL survivors. It was hypothesized that 

greater elapsed time since completion of treatment (Time), lower age at diagnosis (Age), 

and higher intensity of treatment (Intensity) would predict poorer performance on the 

PSC. Simultaneous multiple regression was used to determine whether each independent 

variable (while holding all other independent variables in the model constant) predicted 

poorer PSC performance. Effect sizes were calculated by squaring the semipartial 
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correlations and interpreted as the unique variance that each independent variable 

explained in the dependent variable (Keith, 2006).  

The overall multiple regression was not significant (F [3, 15] = 2.866, p = .072), 

yet accounted for 36.4% of the variance in PSC scores. Time was a statistically 

significant predictor of PSC scores (β =.489, t (15) = 2.311, p = .035), whereas Age (β =-

.188, t (15) = -.886, p = .390) and Intensity (β =.220, t (15) = 1.059, p = .306) were not. 

The effect size of Time was small (E.S. = .2266), indicating the variable uniquely 

accounted for 22.7% of the variance in PSC scores. The effect sizes for Age (E.S. = 

.0331) and Intensity (E.S. = .0475) were negligible, indicating each uniquely accounted 

for less than 5% of the variance in PSC scores. The findings for the multiple regression 

did not provide support for the hypothesis that an increase in time since the completion of 

cancer treatment would predict poorer processing speed performance. In fact, these 

results indicated that increased time since treatment predicted better performance. The 

hypotheses that lower age at the time of cancer diagnosis and the intensity of treatment 

received were not supported. The results for Research Question 2 are summarized in 

Table 8. 
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Table 8. 

Multiple Regression with Processing Speed Composite as Outcome (N=19) 

Measure β B t p E.S. * 

Time .489 .000 2.311 .035 .2266 

Age -.188 .000 -.886 .390 .0331 

Intensity .220 .449 1.059 .306 .0475 

Note. β = Standardized regression coefficient. B = Unstandardized regression coefficient. 

 

RESEARCH QUESTION 3  

Research question 3 asked: when controlling for the independent variables from 

Research Question 2, does gender predict processing speed performance among pediatric 

ALL survivors? It was hypothesized that female gender would predict poorer 

performance (than male gender) on the PSC. A simultaneous multiple regression was 

conducted to determine if gender, when controlling for the independent variables Time, 

Age, and Intensity, predicted poorer performance on the PSC. 

The gender variable was not a significant predictor of PSC (β = -.031, t (15) = -

.132, p = .897) and demonstrated a negligible effect size (E.S. = .0008), indicating it 

uniquely accounted for less than 1% of the variance in PSC scores. Thus, the findings 

from the multiple regression did not provide support for the hypothesis that gender would 
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predict processing speed performance. The results for Research Question 3 are 

summarized in Table 9. 

 

Table 9. 

Multiple Regression with Processing Speed Composite as Outcome (N = 19) 

Measure β B t p E.S. 

Gender -.031 -.058 -.132 .897 .0008 

Time .491 .000 2.237 .042 .2266 

Age -.178 .000 -.762 .459 .0331 

Intensity .228 .464 1.024 .323 .0475 

Note. β = Standardized regression coefficient. B = Unstandardized regression coefficient. 

 

RESEARCH QUESTION 4 

This question asked: what is the degree of agreement among independent Parent 

and Teacher Form ratings of executive function in pediatric ALL survivors? Hypothesis 

4a stated that the interrater reliability coefficients between Parent and Teacher Form 

ratings of executive function would be positively correlated, yet low (i.e., .20 - .50). 

Pearson correlation coefficients (one-tailed) were computed to examine the relationship 

between Parent and Teacher Form ratings on the BRIEF. First, coefficients were 

computed at the composite (i.e., Global Executive Composite [GEC]) and index 

(Behavioral Regulation Index [BRI], Metacognitive Index [MI]) level. Next, coefficients 
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were computed for the clinical scales comprising the BRI. Finally, coefficients were 

computed for the clinical scales comprising the MI. 

For the composite level analysis, there was a high, positive correlation between 

Parent and Teacher Form ratings on the GEC (r [14] = .688, p < .01). At the index level, 

there was a moderate, positive correlation between ratings on the BRI (r [14] = .641, p < 

.05). There was a moderate, yet not significant correlation between ratings on the MI (r 

[14] = .525, p < .05). The results for the composite and index level correlation 

coefficients suggest positive, higher than expected agreement among Parent and Teacher 

Form ratings of executive function. The correlation coefficients are summarized in Table 

10. 

 

Table 10. 

Intercorrelations Between Parent and Teacher Form BRIEF Ratings (N=14)  

Composite/Index Correlation Coefficient 

Global Executive Composite (GEC) . 688
**

 

     Behavioral Regulation Index (BRI) . 641
*
 

     Metacognitive Index (MI)
 

. 525 

** Significant at p < .01 level; * significant at p < .05 level. 

 

For the clinical scale level analysis of the BRI, there was a moderate, positive 

correlation between ratings on the Inhibit subscale (r [14] = .600, p < .05), whereas 

correlation coefficients were not significant on the Shift (r [14] = .395, p > .05) and 
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Emotional Control (r [14] = .511, p > .05) subscales. The results for the clinical scale 

level BRI correlation coefficients provide equivocal support for the hypothesis that 

Parent and Teacher Form ratings of executive function would be low. The correlation 

coefficients are summarized in Table 11. 

 

Table 11. 

Intercorrelations Between Parent and Teacher Form BRIEF Ratings (N=14) 

Clinical Scale Correlation Coefficient 

Inhibit .600
*
 

Shift .395 

Emotional Control
 

.511 

Note. The clinical scales listed comprise the Behavioral Regulation Index (BRI).  

* Significant at p < .05 level. 

 

For the clinical scale level analysis for the clinical scales of the MI, there were 

moderate, positive correlations on both the Initiate (r (14) = .622, p < .05) and Working 

Memory (r [14] = .549, p < .05) subscales. Correlations between ratings on the 

Plan/Organize (r [14] = .502, p > .05), Organization of Materials (r [14] = .283, p > .05), 

and Monitor (r [14] = .033, p > .05) subscales were not significant. The results for the 

clinical scale level MI analysis provide equivocal support for Hypothesis 4a that Parent 

and Teacher Form ratings correlation coefficients would be low. The correlation 

coefficients for this analysis are summarized in Table 12. 
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Table 12. 

Intercorrelations Between Parent and Teacher Form BRIEF Ratings (N=14) 

Clinical Scale Correlation Coefficient 

Initiate .622
*
 

Working Memory .549
*
 

Plan/Organize .502 

Organization of Materials .283 

Monitor
 

.033 

Note. The clinical scales listed comprise the Metacognition Index (MI).  

* Significant at p < .05 level. 

 

Hypothesis 4b stated that parents and teachers would differ in their BRI and MI 

ratings on the BRIEF. On the BRIEF, higher scores indicate greater symptom severity 

and poorer executive function. Ratings were examined using one-tailed, paired-samples t 

tests. For each comparison, the Parent Form ratings were entered first for the Parent-

Teacher pairs. Thus, a positive value t-statistic indicated greater symptom severity ratings 

by the Parent, compared to Teacher Form ratings, whereas a negative value t-statistic 

indicated greater symptom severity ratings by the Teacher, compared to Parent Form 

ratings. Cohen's d effect size calculations were made using the means and standard 

deviations of the sample group and a population group. 
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Differences between Parent and Teacher Form BRI ratings were not significant 

across all measures of behavioral regulation, including the BRI (t [13) = 1.448, p = .0855) 

and the clinical scales of Inhibit (t [13) = 1.130, p = .1395), Shift (t [13) = -.374, p = 

.3575), and Emotional Control (t [13) = 1.751, p = .0515).  

Concerning MI ratings, Teacher Form ratings were significantly higher (i.e., 

indicating greater executive function difficulty) for Working Memory (t [13) = -2.825, p 

= .007); however, the remaining measures of metacognition did not differ significantly, 

including the MI (t [13) = -.902, p = .192) and the clinical scales of Initiate (t [13) = -

.835, p = .2095), Plan/Organize (t [13) = -.044, p = .483), Organization of Materials (t 

[13) = .573, p = .288), and Monitor (t [13) = -.194, p = .4245). The differences between 

Parent and Teacher Form MI ratings on Working Memory were moderate (d = .7438), 

whereas the remaining effect sizes were small to negligible. Results from the analyses 

provided little support for Hypothesis 4b, that Parent and Teacher Form ratings would 

significantly differ, with significant mean differences only found on the Working 

Memory clinical scale. The results for Research Question 4 are summarized in Table 13. 



 93 

 

Table 13. 

One-Tailed, Paired Samples T-Tests Between Parent and Teacher Form BRIEF Ratings (n = 14) 

Measure M* SD t p Cohen’s d 

GEC -.143 8.583 -.062 .4755 -.0133 

BRI 3.500 9.045 1.448 .0855 .3287 

    Inhibit 3.101 10.265 1.130 .1395 .2796 

    Shift -1.357 13.585 -.374 .3575 -.1105 

    Emotional Control 6.286 13.430 1.751 .0515 .4630 

MI -2.500 10.376 -.902 .192 -.2347 

    Initiate -1.857 8.319 -.835 .2095 -.1942 

    Working Memory -8.357 11.070 -2.825 .007 -.7438 

    Plan/Organize -.143 12.253 -.044 .483 -.012 

    Org. of Materials 2.286 14.917 .573 .288 .1863 

    Monitor -.714 13.803 -.194 .4245 -.0720 

* Mean difference (T-score metric) between Parent Form and Teacher Form ratings on the Behavior Rating Inventory 

of Executive Function (BRIEF), with Parent Form data entered into the pair first. GEC = Global Executive 

Composite, BRI = Behavioral Regulation Index, MI = Metacognition Index. 
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RESEARCH QUESTION 5. 

Research question 5 asked whether pediatric ALL survivors exhibit executive 

function late effects. Hypothesis 5a stated that Parent and Teacher Form ratings of child 

executive function would indicate significantly poorer performance across metacognition 

measures (i.e., MI, Initiate, Working Memory, Plan/Organize, Organization of Materials, 

and Monitor) of the BRIEF.  One-tailed, one-sample t-test comparisons were conducted 

to compare (1) Parent Form MI ratings with published norms and (2) Teacher Form MI 

ratings with published norms. Scores are reported in a T-score metric (test value = 50). 

Cohen's d effect size calculations were made using the means and standard deviations of 

the sample group and population group (i.e., M = 50, SD = 10). 

When compared to the population mean, the difference in means was statistically 

significant for Parent Form ratings on the MI (t [13] = 4.625, p = .000) and the clinical 

scales of Initiate (t [13] = 4.606, p = .000), Working Memory (t [13] = .004, p = .004), 

Plan/Organize (t [13] = 3.537, p = .0015), Organization of Materials (t [13] = 4.933, p = 

.000), and Monitor (t [13] = 3.618, p = .001). Large effect sizes were found for MI (d = 

1.1004), Initiate (d =1.0959), Plan/Organize (d = .8990), Organization of Materials (d = 

1.1020), and Monitor (d = .8673), whereas Working Memory (d = .7813) showed a 

medium effect. The analyses provide support for Hypothesis 5a that Parent Form MI 

ratings would indicate significantly poorer executive function performance for 

participants on measures of metacognition measures. Results for Parent Form MI ratings 

are summarized in Table 14. 
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Table 14. 

Parent Form MI Ratings – One-Tailed, One-Sample T-Tests (N=18) 

Measure M SD t p Cohen’s d 

MI 61.11 10.192 4.625 .000 1.1004 

    Initiate 61.06 10.183 4.606 .000 1.0959 

    Working Memory 58.89 12.607 2.991 .004 0.7813 

    Plan/Organize 59.83 11.794 3.537 .0015 0.8990 

    Org. of Materials 60.50 9.031 4.933 .000 1.1020 

    Monitor 58.83 10.360 3.618 .001 0.8673 

Note. MI = Metacognition Index. 

 

For Teacher Form MI ratings, the difference in means was statistically significant 

for the MI (t [13] = 5.183, p = .000) and the clinical scales of Initiate (t [13] = 5.378, p = 

.000), Working Memory (t [13] = 7.341, p = .000), Plan/Organize (t [13] = 3.576, p = 

.002), Organization of Materials (t [13] = 2.075, p = .0325), and Monitor (t [13] = 4.593, 

p = .0005).  There was a large effect for MI (d = 1.4338), Initiate (d = 1.379), Working 

Memory (d = 1.8541), Plan/Organize (d = 1.0386), and Monitor (d = 1.1976), whereas 

Monitor had a medium effect (d = 1.1976). The analyses provide support for Hypothesis 

5a that Teacher Form MI ratings would indicate significantly poorer executive function 

performance for participants on measures of metacognition measures. Results for Teacher 

Form MI ratings are summarized in Table 15. 
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Table 15. 

Teacher Form MI Ratings - One-Tailed, One-Sample T-Tests (N=14) 

Measure M SD t p Cohen’s d 

MI 64.86 10.726 5.183 .000 1.4338 

    Initiate 63.64 9.492 5.378 .000 1.379 

    Working Memory 67.79 9.065 7.341 .000 1.8541 

    Plan/Organize 61.71 12.256 3.576 .002 1.0386 

    Org. of Materials 58.00 14.428 2.075 .0325 0.6263 

    Monitor 61.79 9.601 4.593 .0005 1.1976 

Note. MI = Metacognition Index. 

 

For Hypothesis 5b, it was posited that Parent and Teacher Form ratings of child 

executive function would not indicate significantly poorer performance across the clinical 

scales of the BRI (i.e., Inhibit, Shift, and Control). One-sample t-test comparisons were 

conducted comparing (1) Parent Form BRI ratings with published norms and (2) Teacher 

Form BRI ratings with published norms. Scores are reported in a T-score metric (test 

value = 50). Cohen's d effect size calculations were made using the means and standard 

deviations of the sample group and population group (i.e., M = 50, SD = 10). 

When compared to the population mean, the difference in means was statistically 

significant for Parent Form BRI ratings on the BRI (t [13] = 2.725, p = .007) and the 

clinical scales of Shift (t [13] = 2.596, p = .0095) and Emotional Control (t [13] = 2.538, 
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p = .0105), whereas Inhibit was not significant (t [13] = 1.567, p = .068). Medium effect 

sizes were found for BRI (d = .6856), Shift (d = .6378), and Emotional Control (d = 

.6889), whereas Inhibit (d = .4013) showed a small effect. The analyses did not provide 

support for Hypothesis 5b that Parent Form BRI ratings would not differ significantly, 

suggesting instead that participants did indeed exhibit poorer behavioral regulation 

performance on the Shift clinical scale. Results for Hypothesis 5b (Parent Form BRI 

ratings) are summarized in Table 16. 

Table 16. 

Parent BRIEF Behavioral Regulation Ratings – One-Tailed, One-Sample T-Tests (N=18) 

Measure M SD t p Cohen’s d 

BRI 57.39 11.505 2.725 .007 .6856 

    Inhibit 54.44 12.035 1.567 .068 .4013 

    Shift 56.67 10.895 2.596 .0095 .6378 

    Emotional Control 58.39 14.022 2.538 .0105 .6889 

Note. BRI = Behavioral Regulation Index. 

 

For Teacher Form BRI ratings, the difference in means was statistically 

significant for the BRI (t [13] = 2.385, p = .0165) and the clinical scale of Shift (t [13] = 

2.687, p = .0095), whereas Inhibit (t [13] = 1.434, p = .0875) and Emotional Control (t 

[13] = 1.469, p = .0825) were not significant. There was a large effect for Shift (d 

=.8407), a medium effect for BRI (d = .6558), and small effects for Inhibit (d = .6558) 

and Emotional Control (d = .4375). The analyses did not provide support for Hypothesis 
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5b that Teacher Form BRI ratings would not differ significantly, suggesting instead that 

participants did indeed exhibit poorer behavioral regulation performance on the Shift 

clinical scale. Results for Hypothesis 5b (Teacher Form BRI ratings) are summarized in 

Table 17. 

 

Table 17 

Teacher Form BRI Ratings - One-Tailed, One-Sample T-Tests (N=14) 

Measure M SD t p Cohen’s d 

BRI 56.57 10.308 2.385 .0165 0.6558 

    Inhibit 53.54 9.241 1.434 .0875 0.3733 

    Shift 59.57 13.328 2.687 .0095 0.8407 

    Emotional Control 55.29 13.459 1.469 .0825 0.4375 

Note. BRI = Behavioral Regulation Index. 

 

RESEARCH QUESTION 6 

Research Question 6 asked whether the independent variables elapsed time since 

completion of treatment, age at initiation of treatment, and intensity of treatment 

predicted ratings of executive function on the BRIEF among pediatric ALL survivors.  It 

was hypothesized that greater elapsed time since completion of treatment (Time), lower 

age at diagnosis (Age), and higher intensity of treatment (Intensity) would predict 

ultimately greater severity of metacognition difficulties, as measured by Parent and 
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Teacher Form MI ratings on the BRIEF.  Simultaneous multiple regression was used to 

determine whether each independent variable (while holding all other independent 

variables in the model constant) predicted ultimately poorer Parent and Teacher Form MI 

ratings. Effect sizes were calculated by squaring the semipartial correlations and 

interpreted as the unique variance that each independent variable explained in the 

dependent variable (Keith, 2006). 

The overall multiple regression predicting Parent Form MI ratings was not 

significant (F [3, 14] = .272, p = .845), accounting for only 5.5% of the variance in 

scores. Time (β = -.111, t (14) = -.396, p = .698), Age (β = -.235, t (14) = -.832, p = .419), 

and Intensity (β = -.039, t (14) = -.148, p = .884) were not statistically significant 

predictors of MI scores. The effect sizes for Time (E.S. = .011), Age (E.S. = .047), and 

Intensity (E.S. = .002) were negligible, indicating none of the independent variables 

accounted for more than 5% of the variance in Parent Form MI scores. The regression 

results did not support the hypothesis that time since completion of cancer treatment, age 

at diagnosis, and intensity of treatment would predict Parent Form MI ratings of 

executive function. The multiple regression analysis is summarized in Table 18. 
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Table 18. 

Multiple Regression with Parent Form MI Ratings as Outcome (N=18) 

Measure β B t p E.S. 

Time -.111 -.001 -.396 .698 .011 

Age -.235 -.003 -.832 .419 .047 

Intensity -.039 -.940 -.148 .884 .002 

Note. β = Standardized regression coefficient. B = Unstandardized regression coefficient. 

 

The overall multiple regression predicting Teacher Form ratings on the MI was 

not significant (F [3, 10] = .594, p = .633), accounting for 15.1% of the variance in 

scores. The independent variables Time (β = -.082, t (10) = -.288, p = .777), Age (β = -

.189, t (10) = -.663, p = .518), and Intensity (β = -.004, t (10) = -.015, p = .988) were not 

statistically significant predictors of MI scores. The effect sizes for Time (E.S. = .006), 

Age (E.S. = .030), and Intensity (E.S. = .000016) were negligible, indicating none of the 

independent variables uniquely accounted for more than 3% of the variance in Teacher 

Form MI scores. The regression results did not support the hypothesis that time since 

completion of cancer treatment, age at diagnosis, and intensity of treatment would predict 

Teacher Form MI ratings of executive function. The multiple regression analysis is 

summarized in Table 19. 
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Table 19. 

Multiple Regression with Teacher Form MI Ratings as Outcome (N=14) 

Measure β B t p E.S. 

Time -.082 -9.675 -.288 .777 .006 

Age -.189 .000 -.663 .518 .030 

Intensity -.004 -.011 -.015 .988 .000016 

Note. β = Standardized regression coefficient.  

 

RESEARCH QUESTION 7  

Research Question 7 asked: when controlling for the above independent variables 

(i.e., Time, Age, Intensity), does gender predict Parent and Teacher Form ratings on the 

BRIEF?  It was hypothesized that female gender would predict greater levels of executive 

function difficulties, as measured by Parent and Teacher Form MI ratings on the BRIEF. 

As the BRIEF provides gender-based norms, a control for gender has already been built 

into the measure’s standard scores. As a result, raw scores from Parent and Teacher MI 

ratings were used as the dependent variable. A simultaneous multiple regression analysis 

was conducted to determine if gender, when controlling for the independent variables 

Time, Age, and Intensity, predicted ultimately poorer executive function performance on 

Parent and Teacher Form MI ratings. 

Gender was not a significant predictor of Parent MI ratings (F [4, 13] = 2.061, p = 

.145) and demonstrated a small effect size (E.S. = .293), uniquely accounting for 29.3% 
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of the variance in Parent Form MI ratings. For Teacher Form MI ratings, gender was not 

significant f (β = -.525, t (14) = -1.363, p = .206) with a small effect size (E.S. = .390). 

The regression results did not support the hypothesis that gender would predict Parent 

Form MI ratings of executive function. The results for the Research Question 7 are 

summarized in Table 20. 

 

Table 20. 

Multiple Regression with Parent Form MI Ratings as Outcome 

Measure β B t p E.S. 

Parent MI
a 

-.620 -24.723 2.061 .145 .293 

Teacher MI
b 

-.525 -15.798 -1.363 .206 .390 

Note. β = Standardized regression coefficient. B = Unstandardized regression coefficient. MI 

= Metacognition Index. 

a
Parent Form, n=18. 

b
Teacher Form, n=14.  

RESEARCH QUESTION 8 

Research Question 8 asked whether there is a relationship between processing 

speed and executive function among pediatric ALL survivors. It was hypothesized that 

processing speed and Parent and Teacher Form ratings of executive function on the 

BRIEF would exhibit a positive relationship. Pearson’s correlation coefficients (one-

tailed) were computed to examine potential relationships among measures of processing 

speed and ratings of executive function.   
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Correlations among measures of processing speed and Parent and Teacher Form 

ratings of executive function were not significant, with coefficients ranging from small to 

negligible.  Analyses for Research Question 8 did not support the hypothesis that 

processing speed and Parent and Teacher Form ratings of executive function on the 

BRIEF would exhibit a positive relationship. A correlation matrix of the results for 

Research Question 8 is summarized in Table 21.  

 

Table 21. 

Intercorrelations Between Measures of Processing Speed and Executive Function (N=14) 

 PSC CS SS SIP 

Parent Form Ratings 

(n=18) 

   

       GEC .153 .173 .004 .254 

       BRI .032 .090 -.137 .161 

       MI .091 .132 -.044 .178 

Teacher Form Ratings    

       GEC -.135 .037 -.360 .003 

       BRI -.360 -.257 -.426 -.261 

       MI .029 .195 -.248 .178 

Tower .259 .490 .127 .102 

Note: GEC = Global Executive Composite, BRI = Behavioral Regulation Index, MI = Metacognition Index. 
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RESEARCH QUESTION 9 

Research Question 9 asked whether processing speed performance would predict 

executive function for survivors of pediatric ALL. It was hypothesized that lower scores 

on tasks of processing speed would predict higher scores (i.e., greater difficulty) on tasks 

of executive function, as measured by Parent and Teacher Form ratings on the BRIEF. 

Separate simple regressions were conducted to determine whether the processing speed 

composite (PSC) predicted Parent and Teacher Form ratings on the BRIEF (i.e., GEC, 

BRI, and MI scores). 

Processing speed was not a significant predictor of Parent Form GEC (β = -.023, t 

(16) = -.092, p = .928), BRI (β = -.149, t (16) = -.605, p = .554), or MI (β = -.054, t (16) = 

-.216, p = .832) scores. Processing speed was also not a significant predictor of Teacher 

Form GEC (β = -.135, t (12) = -.474, p = .928), BRI (β = -.360, t (12) = -1.338, p = .206), 

or MI (β = .029, t (12) = .099, p = .923) scores. The analysis of Research Question 9 did 

not support the hypothesis that lower scores on tasks of processing speed would predict 

higher scores (i.e., greater difficulty) on tasks of executive function. A summary of the 

regression analyses are summarized in Table 22. 
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Table 22. 

Simple Regressions with Parent and Teacher Form BRIEF Ratings as Outcome  

Measure β B t p 

PSC – Parent Form Ratings (n = 18)  

       GEC -.023 -.300 -.092 .928 

       BRI -.149 -.200 -.605 .554 

       MI -.054 -.064 -.216 .832 

PSC – Teacher Form Ratings (n = 14)  

       GEC -.135 -.150 -.474 .928 

       BRI -.360 -.422 -1.338 .206 

       MI .029 -.035 .099 .923 

Note: β = Standardized regression coefficient. B = Unstandardized regression coefficient. PSC = 

Processing Speed Composite., GEC = Global Executive Composite, BRI = Behavioral Regulation 

Index, MI = Metacognition Index. 

 

Exploratory Analyses  

The following analyses will further explore the presence of late effects among 

survivors of pediatric ALL. First, the findings from Research Question 5 (i.e., Parent and 

Teacher Form ratings on the MI and BRI) were extended by examining the clinical 

significance of the findings via a chi-square analysis of the sample’s frequency 
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distribution for clinically elevated ratings. Second, Research Questions 6 and 7 were 

extended to include an analysis of the value of late effects risk factors in predicting 

Parent and Teacher Form ratings on the behavior regulation index (BRI) of the Behavior 

Rating Inventory of Executive Function (BRIEF).  Third, potential performance-based 

executive function late effects were examined via the Tower and Trail Making (Condition 

4) tests of the Delis-Kaplan Executive Function System (D-KEFS). Fourth, convergent 

relationships were examined between performance-based tasks of executive function 

(Tower and Trail Making tests) and parent and teacher observational ratings of tasks 

believed to measure comparable executive function abilities (Plan/Organize and Shift 

clinical scales, respectively).  

EXTENDING RESEARCH QUESTION 5 

Research question 5 asked whether pediatric ALL survivors exhibit executive 

function late effects. Results from one-tailed, one-sample t-test comparisons for this 

question showed that, when compared to the population mean, both Parent and Teacher 

Form ratings of executive function were significantly higher (i.e., indicating greater 

executive function difficulties) than expected across the clinical scales of the MI.  On the 

BRI, both Parent and Teacher Form ratings were also significantly elevated on the BRI 

and Shift clinical scale. While these results showed a statistically significant difference, it 

may be beneficial to interpret the these findings based on their clinical significance, given 

that the BRIEF manual states that T scores must be at 65 or above to be considered 

clinically significant executive function difficulties (Gioia et al., 2000). To attain a better 
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estimate of the clinical relevance of the results for Research Question 5, a Pearson chi-

square analysis was completed to explore the sample’s frequency distribution of elevated 

scales (i.e., T score > 65) of the MI and BRI relative to expected values.  

As T-scores of 65 are considered to be at the 93
rd

 percentile for score distribution, 

it would be appropriate to set the expected frequency of scores at a T-score of 65 or 

higher to be 7%. The analysis was guided by the question: Is there a discrepancy between 

the frequency of executive function late effects observed in a sample of survivors of 

pediatric ALL and the values expected under the normal T-score distribution? 

Results from Parent and Teacher Form T-score ratings were first dummy coded to 

reflect T-scores that were less than 65 (coded “0”) and those at or above a T-score of 65 

(coded “1”).  A chi-square goodness-of-fit formula was entered into an Excel Spreadsheet 

and the distribution of observed and expected frequencies were entered for each Parent 

and Teacher Form composite, index, and clinical scale score. The statistical significance 

p-value was set at .05.  

Results indicate the majority of Parent Form ratings were statistically significant, 

including: GEC, BRI, Shift, Emotional Control, MI, Initiate, Working Memory, 

Plan/Organize, Organization of Materials, and Monitor, whereas Inhibit was not 

significant. For Teacher Form ratings, results were significant for GEC, BRI, Inhibit, 

Shift, Emotional Control, MI, Initiate, Working Memory, and Plan/Organize, whereas 

Organization of Materials was not statistically significant. The findings for the 

exploratory analysis suggest that the statistically significant findings from Research 

Question 5 are also clinically relevant, as the observed frequency of T-scores in the 
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clinically significant range was greater than expected for the majority of Parent and 

Teacher Form ratings. The results from the Parent and Teacher Form chi-square statistics 

are summarized in Table 23. Histograms for the variables can be found in Appendix G. 
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Table 23. 

Chi-Square Goodness-of-Fit Test for Parent and Teacher Form BRIEF Ratings 

 Parent Form
a
 Teacher Form

b
 

Variable 
2
 

2
 

Global Executive Composite 

(GEC) 

11.9368* 27.6502* 

     Behavioral Regulation Index 

(BRI) 

11.9368* 4.4771* 

Inhibit 0.4673 4.4771* 

Shift 6.4069* 17.7314* 

Emotional Control 28.1171* 4.4771* 

     Metacognition Index (MI) 28.1171* 39.7634* 

Initiate 38.7674* 27.6502* 

Working Memory 11.9368* 70.5732* 

Plan/Organize 28.1171* 17.7314* 

Organization of Materials 38.7674* 1.14157 

Monitor 28.1171* 27.6502* 

* Significant at p < .05.
 

a
Parent Form n=18 

 
b
Teacher Form n=14. 
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EXTENDING RESEARCH QUESTIONS 6 AND 7 

In the analysis of Research Question 5, Parent and Teacher Form ratings of 

executive function were examined via scores from the MI and BRI of the BRIEF. It was 

hypothesized that participants would exhibit significantly poorer performance across the 

clinical scales of the MI, but not the BRI. The analysis of Research Question 6 was 

intended to determine the effect of risk factors (i.e., elapsed time since completion of 

treatment, age at initiation of treatment, and intensity of treatment) in predicting impaired 

performance on the MI. Given that the results from Parent and Teacher Form BRI ratings 

were also significant, a similar exploration of the effect of risk factors was conducted for 

the BRI. Additionally, the effect of gender was also extended from Research Question 7 

to the significant BRI findings. Simultaneous multiple regression was used to determine 

whether each independent variable (while holding all other independent variables in the 

model constant) predicted ultimately poorer executive function, as measured by Parent 

and Teacher Form BRI scores.  

The overall multiple regression predicting Parent Form BRI ratings was not 

significant (F [3, 14] = .083, p = .968), accounting for only 1.7% of the variance in 

scores. Time (β = -.139, t (14) = -.486, p = .635), Age (β = -.076, t (14) = -.264, p = .795), 

and Intensity (β = .043, t (14) = .160, p = .875) were not statistically significant predictors 

of BRI scores. Consistent with the findings from Research Question 6, the regression 

results did not support the hypothesis that time since completion of cancer treatment, age 

at diagnosis, and intensity of treatment would predict Parent Form BRI ratings of 

executive function. The Parent Form BRI regression is summarized in Table 24. 
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Table 24. 

Multiple Regression with Parent Form BRI as Outcome (N=18) 

Measure β B t p 

Time -.139 -.002 -.486 .635 

Age -.076 -.001 -.264 .795 

Intensity .043 1.167 .160 .875 

Note. β = Standardized regression coefficient. B = Unstandardized regression coefficient. BRI = 

Behavioral Regulation Index. 

 

The overall multiple regression predicting Teacher Form BRI ratings was not 

significant (F [3, 10] = .816, p = .514), accounting for 19.7% of the variance in scores. 

Time (β = .039, t (10) = .130, p = .899), Age (β = .502, t (10) = 1.1419, p = .186), and 

Intensity (β = -.101, t (10) = -.300, p = .770) were not statistically significant predictors of 

Teacher Form BRI scores. Consistent with the findings from Research Question 6, the 

regression results did not support the hypothesis that time since completion of cancer 

treatment, age at diagnosis, and intensity of treatment would predict Teacher Form BRI 

ratings of executive function. The Teacher Form BRI regression is summarized in Table 

25. 
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Table 25. 

Multiple Regression with Teacher Form BRI as Outcome (N=14) 

Measure β B t p 

Time .039 .000 .130 .899 

Age .502 .006 1.419 .186 

Intensity -.101 2.447 -.300 .770 

Note. β = Standardized regression coefficient. BRI = Behavioral Regulation Index. 

 

Research Question 7 was also extended beyond the Parent and Teacher Form BRI 

analysis to include examination of gender, when controlling for the independent variables 

(i.e., Time, Age, Intensity), as a predictor of Parent and Teacher BRI ratings on the 

BRIEF.  As the BRIEF provides gender-based norms, a control for gender has already 

been built into the measure’s standard scores. Subsequently, raw scores were used as the 

dependent variable. A simultaneous multiple regression analysis was conducted to 

determine if gender, when controlling for the independent variables Time, Age, and 

Intensity, predicted ultimately poorer performance on Parent and Teacher Form BRI 

ratings. 

Gender was not a statistically significant predictor of Parent Form BRI (β = -

.057, t (14) = -.189, p = .853) or Teacher Form BRI (β = -.302, t (10) = -.703, p = .500) 

scores. Consistent with the findings from Research Question 7, the regression results did 

not support the hypotheses that gender would predict Parent and Teacher Form BRI 
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ratings. The strength of the effect was small across Parent and Teacher Form BRI ratings 

(E.S. = .23 - .25) and the regression results are summarized in Table 26. 

 

Table 26. 

Multiple Regression with BRI Ratings as Outcome 

Measure β B t p E.S. 

Parent BRI
a
 -.057 -1.369 -.189 .853 .25 

Teacher BRI
b 

-.302 -5.271 -.703 .500 -.225 

Note. β = Standardized regression coefficient. BRI = Behavioral Regulation Index. 
a
Parent Form, n=18. 

b
Teacher Form, n=14. 

 

PERFORMANCE-BASED EXECUTIVE FUNCTION 

Executive function late effects were next explored beyond the behavioral ratings 

measures of the BRIEF to include performance-based tasks of executive function. It was 

hypothesized that survivors of pediatric ALL would not exhibit executive function late 

effects on performance-based measures of executive function, as measured by the Tower 

and Trail Making (Condition 4) tests of the D-KEFS. One-tailed, one-sample t-tests were 

used to compare participant (z-score) performance on the PSC to the presumed 

population mean of zero. The individual subtests comprising the composite were also 

examined. Cohen's d effect size calculations were made using the means and standard 

deviations of the sample group and a population group. 
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For the Tower test, results indicate that, when compared to the population mean, 

participants performed significantly better than expected (t [18] = 2.207, p = .0205). 

Results for the Trail Making test did not show a significant difference (t [18] = -.800, p = 

.217). Calculation of the effect of the Tower test difference showed a small, positive 

effect (d = .4213), whereas the Trail Making test demonstrated a small, negative effect (d 

-.2129). The results for the analysis of the Trail Making test supported the hypothesis that 

participants would not exhibit executive function late effects on performance-based 

measures of executive function, whereas results for the analysis of Tower test 

performance did not support the hypothesis.  The analyses for performance-based tests of 

executive function are summarized in Table 27. 

 

Table 27. 

One-Tailed, One-Sample T-Tests for Tower and Trail Making Measures (N=19)  

Measure M* SD 95% CI t p Cohen’s d 

Tower .3684 .72771 [.0177, .7192] 2.207 .0205 .4213 

Trail Making -.2632 1.4341 (-.9544, .4280) -.800 .217 -.2129 

 Note. Tower = Tower test of D-KEFS, Trail Making = Trail Making Test (Condition 4) of D-KEFS. 

* Z-score metric. 
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PERFORMANCE-BASED MEASURES AND BEHAVIORAL RATINGS OF EXECUTIVE 

FUNCTION 

The final analysis explores the relationship between performance-based youth 

measures (i.e., performance-based) of executive function and Parent and Teacher Form 

behavioral ratings of executive function. The performance-based Trail Making task was 

correlated with the behavioral rating scale of Shift, whereas the performance-based Tower 

test were correlated with the behavioral rating scale of Plan/Organize. The Trail Making 

task measures complex visual scanning, motor speed, attention, and executive function, 

particularly the ability to shift cognitive set (Lezak, 1995; Stuss et al., 2001) and the Shift 

scale assesses an individual’s ability to move freely from one situation, activity, or aspect 

of a problem to another as circumstances demand. The Tower test is a measure of spatial 

planning, rule learning, inhibition of impulsive responding, inhibition of perseverative 

responding, and establishing and maintaining the instructional set (Delis, Kaplan, & 

Kramer, 2001), whereas the Plan/Organize scale assesses an individual’s ability to 

manage current and future-oriented task demands (Gioia et al., 2001).  

It is anticipated that correlations between performance-based measures of 

executive function and behavioral ratings of executive function would be low for the 

sample. The rationale for this hypothesis stems from the BRIEF demonstrating low 

convergent validity with performance-based tasks of executive function, as well as the 

differential environmental demands for the performance of executive function in an 

assessment setting and the home-school environment (Gioia et al., 2000). Pearson 

correlation coefficients (two-tailed) were computed to examine the relationship between 
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the Tower test and Parent and Teacher Form ratings for the Plan/Organize clinical scale 

or the BRIEF. Similarly, the relationship between the Trail Making test and Parent and 

Teacher Form ratings for the Shift clinical scale of the BRIEF were be explored.  

Results did not demonstrate significant correlations between the Tower test and 

parent-teacher ratings on the Plan/Organize clinical scale. Similarly, correlations were not 

significant between the Trail Making test and parent-teacher ratings on the Shift clinical 

scale.  A summary of the correlation coefficients can be found in Table 28.  

 

Table 28. 

Intercorrelation Pairs Between Measures of Executive Function 

Measures Parent Form
a 

Teacher Form
b 

Tower-P/O
 

-.338 .062 

Trail Making-Shift -.208 .038 

Note: P/O = Plan/Organize clinical scale of the BRIEF. 
a
Parent Form, n=18. 
b
Teacher Form, n=14. 
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CHAPTER V: DISCUSSION 

The purpose of this study was to examine processing speed and executive 

function late effects in survivors of pediatric acute lymphoblastic leukemia (ALL), 

hereafter referred to as Survivors.  Late effects are long-term, treatment-related health 

problems associated with the neurotoxic side-effect of cancer treatment on brain 

development.  Nine hypotheses were proposed, including: 1) survivors would 

demonstrate significantly poorer processing speed; 2) late effects risk factor variables 

(i.e., greater elapsed time since completion of treatment, lower age at diagnosis, and 

higher intensity of treatment) would predict poorer processing speed; 3) female gender 

would predict poorer processing speed; 4) parents and teachers would demonstrate both 

low interrater agreement (Hypothesis 4a) and differ significantly in the severity 

(Hypothesis 4b) of their ratings of Survivor executive function; 5) parent and teacher 

ratings of executive function would indicate significantly poorer Survivor metacognition 

(Hypothesis 5a), whereas Survivor behavioral regulation would not differ significantly 

(Hypothesis 5b); 6) risk factor variables would predict poorer Parent and Teacher ratings 

of Survivor metacognition; 7) female gender would predict poorer Parent and Teacher 

ratings of Survivor metacognition; 8) survivor processing speed and Parent and Teacher 

ratings of executive function would exhibit a positive relationship; and 9) poorer Survivor 

processing speed would predict poorer parent and teacher ratings of executive function.  

Results of the study provided support for hypothesis 1 and 5a. Partial support was 

obtained for hypotheses 4a, 4b, and 7. Support was not obtained for hypotheses 2, 3, 5b, 
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6, 8, and 9. A discussion of these results is organized into five themes, according to (1) 

processing speed late effects, (2) executive function late effects, as measured by parent 

and Teacher behavioral ratings, (3) associations among processing speed and executive 

function, (4) late effects risk factors, and (5) executive function late effects, as measured 

by performance-based tasks. This chapter concludes with a discussion of the limitations 

of the study and implications for research and practice. 

As a reminder, the presence of processing late effects was measured directly via 

performance-based tests of processing speed. Executive function late effects were 

assessed indirectly via the Parent Form and Teacher Form of the behavioral rating 

inventory of executive function (BRIEF), hereafter referred to as Parent and Teacher 

ratings. Additionally, the Tower and Trail Making (Condition 4) tests of the Delis-Kaplan 

Executive Function System (D-KEFS) were used to explore executive function late 

effects via individually administered, performance-based measures. 

PROCESSING SPEED LATE EFFECTS  

As was hypothesized, Survivors performed significantly worse than expected for 

their age on tasks of processing speed.  These results are important as they suggest 

Survivors are likely to have more difficulty than their peers with efficient information 

processing. The importance of these findings becomes more clear when taking into 

account the significance of processing speed in learning, intellectual functioning, 

academic achievement, and executive function  (Drew et al., 2009; Mayes, Dickerson, & 

Calhoun, 2007; McGrew, 2005).  These findings suggest survivors are likely to have 



 119 

difficulty with their ability to efficiently integrate multiple modalities of information, 

such as listening to a lecture while simultaneously viewing a presentation and taking 

notes in class. In the home system, they may also experience difficulty quickly making 

decisions or formulating a response, potentially viewed by their parents as lethargic or 

obstinate behavior. An alternative explanation for the findings may be that other 

constructs measured by the processing speed tasks mitigated Survivor performance 

(Feldman, Kelly, & Diehl, 2004). These constructs may have included, but are not limited 

to, fine motor difficulties related to the graphomotor component of the CD subtest, the 

visual-motor and working memory component of the SS subtest, and the numerical 

component of the SIP subtest.  

The findings for processing speed late effects in this study were both convergent 

and divergent with the extant research. At the composite level, the findings of 

significantly poorer PSC performance are convergent with previous evidence of 

processing speed late effects (Kaleita et al., 1999; Mennes, 2005; Peters et al., 2008). 

When examining the individual subtests comprising the PSC, this study’s findings of 

significantly poorer performance on the CD subtest were divergent from previous 

research indicating non-impaired performance on the CD (Carey et al., 2008; Regan & 

Reeb, 1998).  Relative to the not significant findings on the SS subtest, this study’s 

findings are consistent with those of Regan and Reeb (1998).  Although this investigation 

appears to be the first to examine processing speed late effects using the SIP subtest, this 

study’s findings for processing speed late effects using the SIP are none-the-less 

consistent with previous processing speed late effects research (Peters et al., 2008).  
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Several explanations of divergent findings are possible. One would be that the 

sample of participants used in previous research differs from this study. This does not 

seem plausible, however, as participants in this study had a similar distribution on key 

demographic variables when compared to previous studies (i.e., participant age at 

assessment, age at diagnosis, and time since the completion of treatment). A more likely 

explanation for the inconsistent convergence of findings with prior research may be 

related to a lack of power in detecting subtle deficits in studies with small sample sizes.  

Indeed, this explanation may have merit, given that the current study was more consistent 

with late effects found among 30 Survivors (12 males, 18 females) in a study by Kaleita 

and colleagues (1999) than the lack of significance found among 9 participants (3 males, 

6 females) in the Carey and colleagues (2008) study and 4 participants (3 males, 1 

female) in the Regan and Reeb (1998) study. It is also possible that the current study fits 

less well within the extant research, as this study investigated contemporary cancer 

treatments with newer versions of processing speed measures.  

A limitation to the generalizability of the findings for processing speed late effects 

is a lack of control for other factors potentially impacting Survivor impaired 

performance. For example, processing speed performance may be partially accounted for 

by other processes and constructs, such as motor speed, visual-spatial abilities, or 

numeric skills. While plausible, future research may benefit from including measures that 

can be examined as controls for processing speed performance. These might include the 

Finger Tapping test to account for motor speed, the Matrix Reasoning for visual-spatial 

functioning on the CD and SS subtests, and a math computation task to account for 
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number sense on the SIP subtest. It would also be useful for future research to include 

more diverse and differentially complex tasks of processing speed, ranging from basic 

response time tasks to those requiring increasingly complex cognitive decision making. 

Finally, investigations of processing speed late effects would benefit from the inclusion 

of imaging data (i.e., fMRI, DTI) to further elucidate associations between structural 

integrity and processing speed function in Survivors. 

LATE EFFECTS OF EXECUTIVE FUNCTION (BEHAVIORAL RATINGS) 

Parent and Teacher ratings of Survivor executive function consistently showed 

late effects in the area of metacognition. These findings suggest that Survivors are likely 

to exhibit greater than expected difficulty with (a) the ability to begin a task or activity 

without being prompted to do so (Initiation); (b) the capacity to hold information in mind 

in order to complete a task, encode and store information, or generate goals, (c) planning 

and organization; (d); and task-oriented monitoring (or work-checking habits) and self-

monitoring (or interpersonal awareness). In contrast, Parent and Teacher ratings of 

Survivor behavioral regulation only showed significantly poorer performance of the 

specific skill of cognitive shift—suggesting difficulty with the ability to effectively 

transition, tolerate change, flexibly problem-solve, and switch or alternate one’s attention 

from one focus or topic to another.   

These results provided support for Hypothesis 5a, that Survivors would 

demonstrate metacognition late effects, with only partial support for Hypothesis 5b, that 

Survivors would not demonstrate behavioral regulation late effects.  Additionally, support 
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for Hypothesis 5a was also found when conducting analyses of the clinical relevance 

(i.e., frequency of T scores > 65) of Parent and Teacher ratings. Consistent with the 

statistically significant results, the majority of Parent and Teacher ratings were also 

clinically significant and exceeded the frequency typically expected in the population. In 

contrast, the frequency of Parent ratings on the Inhibit clinical scale and Teacher ratings 

on the Organization of Materials scale were not exceedingly clinically significant, 

providing support for Hypothesis 5b.  

Consistent with a prior comparison of Survivors to healthy controls (Campbell 

et al., 2009), this study found that parents did not rate Survivors as having difficulty in 

the areas of behavioral inhibition and emotional control.  In contrast, Campbell and 

colleagues (2009) did not find late effects with Parent ratings of cognitive shifting or with 

the metacognitive abilities of working memory, whereas the current study found both of 

those specific skills to be impaired. The present results extend previous research by 

including Teacher ratings that also suggested Survivors exhibit some difficulty with 

behavioral regulation (i.e., Shift). Similarly, this study converges with previous research 

indicating that Survivors do not exhibit problems emotional regulation (Burgess & 

Haaga, 1998; Campbell et al., 2009; Phipps & Steele, 2002). 

One of the limitations of the findings for executive function late effects is that 

teachers had much lower response rates than parents. While common in the literature, 

future research should strive to increase the involvement of teacher input in replicating 

these studies results (Gioia et al., 2000). This study is also limited in that the Survivors’ 
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perspective is not taken into account when examining late effects. It may be beneficial to 

include self-report ratings of executive function in future research.   

LATE EFFECTS RISK FACTORS 

Examination of prognostic factors of increased risk for late effects in Survivors 

showed no support this study’s hypotheses.  Specifically, the risk factors of greater time 

since treatment completion, younger age at diagnosis, greater intensity of chemotherapy 

treatment, and female gender did not support the hypotheses of increased risk of 

processing speed and executive function late effects. These findings were surprising, 

given the ample support for these late effects risk factors in the extant literature (Buizer et 

al., 2005a, 2005b; Mennes et al., 2005; Moleski, 2000). Even more surprising are the 

unexpected finding that greater time since the completion of treatment predicted better 

processing speed performance.  In direct contrast to expected risk, this latter finding 

suggests that processing speed becomes better the further out Survivors are from the 

completion of their cancer treatment.  

Several perspectives may provide an explanation for the not significant findings. 

The first is that this study’s findings are accurate and that previously identified prognostic 

factors are not associated with increased risk for late effects. This interpretation, 

however, would be in contrast to a substantial literature indicating increased risk for late 

effects related to younger age at diagnosis, greater intensity of cancer treatment, 

increased time since the completion of cancer treatment, and female gender. From the 

viewpoint of research design, the unexpected finding of increased time since the 
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completion of treatment predicting better processing speed performance may be an 

artifact of a Type I error. In fact, while age at diagnosis, intensity of treatment, and 

gender risk factors have been well explored in the literature, the evidence for time since 

the completion of treatment as a risk factor has been shown to be equivocal, and 

potentially an artifact of, measurement error (Campbell et al., 2007; Han et al., 2009; 

Mennes et al., 2005; Mulhern, 1994), lending additional support to the error explanation. 

Alternately, the findings for better processing speed performance following increased 

time since treatment may reflect a true phenomenon. This alternate explanation would be 

supported by previous research demonstrating the neural plasticity of the brain following 

early white matter insult (Wall, Xu, & Wang, 2002). Given the early age of diagnosis and 

treatment of Survivors, it is possible that increased experience and cortical remapping 

may serve as a processing speed late effects buffer.   

The not significant results for late effects risk factors were inconsistent with the 

extant literature. It has been shown that younger age at diagnosis (Buizer et al., 2005 Von 

der Weid et al., 2003; Précourt et al., 2002) and intensity of treatment (Buizer et al., 

2005a; 2005b; Pui, 2006) are associated with increased late effects risk, yet this study did 

not replicate these findings. In contrast, this study provided some support for previously 

reported risk of increased late effects risk for females (Pui, 2006; Waber et al., 1990); 

however, this finding was limited to Parent ratings of metacognition. Finally, this study 

found a potential buffer effect for increased time since the completion of treatment, 

showing that Survivors further out from treatment performed better on processing speed 

tasks. This latter finding of increased time since the completion of treatment associated 
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with reduced risk of processing speed late effects adds to the variance in an already 

equivocal area of research. Thus, there is a clear need for additional research regarding 

time since cancer treatment completion as a late effects risk factor. 

A limitation of the findings was the use of a categorical value for the independent 

variable of treatment intensity, based on the treatment protocol for ‘standard-risk’ and 

‘high-risk’ ALL. Additional research using a continuous variable will allow for increased 

variance data that may be able to better detect an effect. It may also be helpful to separate 

out the specific effects of chemotherapies from additional neurotoxic medicines and 

steroids administered as part of a treatment protocol. Given that this is the first study to 

examine the associations among late effects risk factors and Parent-Teacher ratings of 

executive function, additional research should replicate the not significant results. 

PROCESSING SPEED AND EXECUTIVE FUNCTION RELATIONSHIPS 

Several associations among processing speed and executive function were 

examined in this study, including those among (1) Parent and Teacher ratings of 

executive function, (2) Survivor processing speed performance and Parent and Teacher 

ratings of executive function, and (3) Survivor executive function on performance-based 

measures and Parent and Teacher ratings of executive function.  

First, when examining the interrater agreement between Parent-Teacher ratings of 

Survivor executive function, this study found partial support for the hypothesis that 

parents and teachers would have low levels of agreement (Hypothesis 4a). Similarly, this 

study found partial support for the hypothesis that parents and teachers would differ in 
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the severity of their ratings of Survivor executive function (Hypothesis 4b), with parents 

expected to report poorer Survivor behavioral regulation and teachers expected to report 

poorer Survivor metacognition. In general, these findings suggest that parents and 

teachers agree how well Survivors perform some executive functions, yet disagree on 

others. From a systemic perspective, findings for differential agreement between parents 

and teachers also suggests that Survivors perform executive functions similarly in the 

home and school environment with some skills and less so with others.  Collectively, 

Survivors appear to exhibit some behavioral stability of executive function across the 

home and school setting; however, as the demands of the home and school environment 

typically differ, their also appears to be some variance in their performance of specific 

executive functions.  

In respect to the specific executive functions rated, parents and teachers 

apparently agree (Hypothesis 4a) on how well Survivors are able to inhibit their behavior, 

initiate a task without being prompted to do so, and  hold information in mind in order to 

complete a task. Conversely, they do not appear to agree on how well Survivors are able 

to cognitively shift, control their emotions, plan and organize, and monitor their own 

behavior. Regarding differences in the severity of parent and teacher ratings (Hypothesis 

4b), it is interesting to see that, despite agreeing with parents, teachers report Survivors 

exhibit significantly more working memory difficulty in the school system.   This finding 

suggests that Survivors are likely to exhibit greater difficulty in the school environment 

with the ability to carry out multistep activities, complete mental manipulations such as 

mental arithmetic, and/or follow complex instructions. Such difficulty makes Survivors 
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more likely than their peers to often miss important information, such as complex 

instructions for an assignment, because it exceeds their working memory capacity.  

It is surprising to have found relatively high agreement between Parent-Teacher 

ratings of executive function in Survivors. These results are in direct contrast to the low 

interrater reliability coefficients among Parent-Teacher ratings in normative data of the 

BRIEF, as well as a similar pattern of low parent-teacher agreement in other research 

(Gioia et al., 2000; Isquith, Gioia, & Espy, 2004; Mattison, Carlson, Cantwell, & 

Asarnow, 2007). A possible explanation for the lack of replication of previous research 

may be that clinical symptoms of Survivors are more readily identified and agreed upon 

between parent and teacher raters. The correlation coefficients reported in the BRIEF 

manual are for a normative, non-clinical, sample, lending support to this explanation of 

the findings. In contrast, research including other ratings scales’ measures with clinical 

samples has shown moderate to low levels of Parent-Teacher agreement on clinical 

symptomatology (Achenbach, McConaughy, & Howell, 1987; Mattison, Carlson, 

Cantwell, & Asarnow, 2007). An alternate explanation may be that the parents of 

Survivors have a stronger working relationship with their child’s teacher, thus increasing 

the likelihood of agreement in areas of difficulty. Finally, Parents and Teachers may be 

more vigilant in their observation of Survivor behavior and more frequently communicate 

what they are seeing with one another, thus increasing the likelihood of noticing and 

agreeing upon behavioral symptoms.  
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The second set of associations examined were between processing speed and 

executive function and results did not support the hypothesis that Survivor processing 

speed performance would be positively related to ratings of their executive function. 

These results are meaningful, in that they are inconsistent with previous research 

indicating that greater processing speed performance is related to better executive 

function abilities (Bucur & Madden, 2010; Drew, Starkey, Isler, 2009; Snow, 1999). 

Prior studies, however, found such associations between processing speed and executive 

function with performance-based measures, whereas the current study used Parent and 

Teacher ratings of executive function. This study’s findings could indeed reflect a 

phenomenon that processing speed is not important to the performance of executive 

function in the home and school environment, although this does not seem plausible. 

While previous research has demonstrated positive relationships between executive 

function and performance-based measures of processing speed, it has been shown that the 

clinical scales of the BRIEF have poor convergence with performance-based executive 

function tasks purported to measure like constructs (McAuley, Chen, Goos, Schachar, & 

Crosbie, 2010; Toplak, Bucciarelli, Jain, & Tannock, 2009). As such, it is possible that 

Parent and Teacher ratings on the BRIEF provide uniquely ecological data of the 

everyday performance of executive function and that this contributes to a lack of 

replication of previous research.   

The third set of associations examined were between performance-based 

measures of executive function and Parent and Teacher behavioral ratings of executive 

function. Results showed that Parent and Teacher ratings of Survivor executive function 
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were not related to performance-based measures of executive function, despite these 

measures being purported to assess similar executive functions (i.e., Tower test 

measuring similar executive function as Plan/Organize clinical scale, Trail Making test 

measuring similar executive function as Shift clinical scale).  These findings are 

important because they suggest that (a) observational ratings of executive function 

measure different abilities than performance-based measures of executive function and 

(b) that the BRIEF may be better at detecting milder symptoms of executive dysfunction.   

One explanation for the findings is that there indeed is low convergence between 

performance-based measures of executive function and behavioral ratings of similar 

dimensions of executive function (Toplak et al., 2090; McAuley et al., 2010). This 

explanation seems logical in that the executive function is measured in different 

environments, the performance-based measures in a quiet room, typically in a one-to-one 

assessment setting, whereas the behavioral ratings are observations of the performance of 

executive function in everyday home and school settings that include a much more 

stimulating and potentially distracting environment. Another explanation involves the 

original populations with which the performance-based measures were developed—

adults with traumatic brain injury (TBI). Although the Tower and Trail Making tests were 

re-normed with child and adolescent populations, some argue that simply applying adult 

executive function tests may be inappropriate, in addition to ineffective, in detecting 

milder executive dysfunction symptomatology in children (Denckla, 1994). An alternate 

explanation to the findings is that the study design did not allow for true associations 

between the executive function measures effect to be detected.  



 130 

The findings for higher than expected agreement between Parent and Teacher 

ratings of Survivor executive had limitations and will need to be replicated in order to 

more assuredly interpret their results.  Future research should attempt to attain a greater 

response rate from teachers, in addition to a larger sample in general. It may be beneficial 

to include both parents (when available) when assessing behavioral ratings of executive 

function to determine late effects and the relationships between parental information. It 

may be beneficial to expand observational ratings of executive function to include self-

report ratings from Survivors. The results for processing speed and executive function 

relationships were limited in that there were less teacher than parent respondents on the 

BRIEF. Additionally, processing speed tests were limited to measures of psychomotor 

processing and decision speed.  In future research, the use of more diverse (i.e., greater 

range of simple to complex) instrumentation may be interesting when examining 

relationships with ratings of executive function. Finally, performance-based measures of 

processing speed that were adapted from early clinical work with adult TBI populations 

were used in this study, and it may be more helpful for future studies to include other 

measures developed from the pediatric literature. 

LATE EFFECTS OF EXECUTIVE FUNCTION (PERFORMANCE-BASED) 

When asked to perform executive function tasks of planning (i.e., Tower test) and a 

measure of ability to efficiently shift between cognitive tasks (i.e., Trail Making test 

[Condition 4]), Survivors did not demonstrate late effects. In fact, Survivors performed 

better than expected for their age on a planning task.  These findings are relevant in that 
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they suggest Survivors do not exhibit long-term difficulty on such tasks. These findings 

confirmed the hypothesis for performance-based tasks of executive function and seem 

plausible, given the structured nature of the task, the non-distracting environment in 

which they are administered, and the relevant fact that, historically, these tasks were 

designed to assess focused, generally frontal lobe dysfunctions with adults (Denckla, 

1994). As such, the chosen tasks were not likely to detect milder forms of executive 

function difficulties, such as those commonly observed in Survivors. Alternately, it is 

also possible that the sample was too small to detect an effect and that Survivors do in 

fact exhibit executive function late effects on performance-based tasks. 

The findings for non-impaired Survivor functioning on performance-based tasks 

replicate previous research suggesting intact planning performance (Campbell et al., 

2009). The use of tests designed for the detection of severe impairments, such as those of 

the frontal lobe, are a limitation of the findings. Future research will benefit from the 

inclusion of tasks that may be more sensitive to detect milder forms of executive 

dysfunction. This study only examined the parent and teacher observations of executive 

function using the BRIEF. It may be beneficial for future research to include other 

behavioral ratings measures of executive function, such as the Behavioural Assessment of 

the Dysexecutive Syndrome in Children (BADS–C; Emslie, Wilson, Burden, Nimmo-

Smith, & Wilson, 2003). 

Implications of the Findings 
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Results from this study have several clinical, theoretical, and research 

implications contributing to the understanding of late effects in survivors of pediatric 

acute lymphoblastic leukemia (ALL).  

CLINICAL IMPLICATIONS 

First, these results make clear the importance of neuropsychological assessment in 

the monitoring and early identification of late effects. Early screening of at-risk patients 

would allow for identification of those individuals who may benefit from a more 

thorough assessment. This would provide information for parents, caregivers, and 

teachers to make important decisions regarding early intervention planning and 

implementation (Simonian, 2006). If late effects are observed, it will be important to 

accommodate for them in the child’s academic setting. This intervention could occur in 

the form of special education or 504 services that allow for the provision of additional 

time on tests and/or assignments.  

If these findings are generalized to Survivors as a whole, it would seem important 

to provide proactive psychoeducation for parents and teachers regarding potential these 

symptoms within the context of late effects. With additional information, parents and 

teachers can be encouraged to remain vigilant regarding the existence of late effects, 

providing them with an empathic reframe on behaviors that may have previously been 

attributed to willful non-compliance, laziness, or difficulty with adjusting to life after 

cancer treatment. Specific to processing speed, the findings from this study suggest 

Survivors may have difficulty with processing information as efficiently as their same 
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age peers. Thus, it would be important that parents and teachers of Survivors be aware of 

these potential processing speed impairments, both in the context of academic production 

and in regards to the speed with which the expressive and receptive language modalities 

are processed.  With respect to findings for executive function late effects, parents, 

teachers, and clinicians should be aware of the likelihood that Survivors will demonstrate 

difficulty with behavioral regulation and metacognition, both at home and in the 

classroom. 

In addition to early identification, the findings of this study point to the need for 

early intervention. Particularly intriguing for neuropsychologists, educators, and 

occupational therapists is the indication that late effects difficulties can be positively 

impacted through intervention and remediation (Denckla, 1994; Wall, Xu, & Wang, 

2002). As the brain continues to develop and the fact that myelination development and 

white matter organization is not complete until well into the third decade of life, the 

earlier Survivors receive intervention efforts, the more likely they are to gain from the 

brain’s resilience via neuronal genesis, re-wiring, growth and pruning. In reflecting on 

the unexpected findings that greater time since the completion of treatment predicted 

better processing speed performance, this makes more sense when conceptualized within 

the context of the brain having an increased opportunity to engage in activities that will 

lead to neuronal growth and reorganization.  
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THEORETICAL IMPLICATIONS 

The findings from this study suggest the impact of chemotherapy is likely 

connected to both long-term metacognition and behavioral regulation difficulties in 

Survivors. Given the known associations between neurotoxicity of chemotherapy and 

white matter integrity, as well as the important of white matter in the performance of 

metacognition (i.e., attention, working memory, information processing), this study’s 

findings for metacognition late effects seem reasonable (Aukema et al., 2009; Mennes, 

2005).  In regards to the findings for behavioral regulation late effects, a similar 

explanation is supported by the role of white matter function in the regulation of one’s 

own emotions and behaviors (Clark, Woodward, Horwood, & Moor, 2008).   

Results from this study also suggest Survivors demonstrate a constellation of 

problematic symptoms similar to those described as sluggish cognitive tempo (SCT), a 

subset of symptoms in children with attention deficit hyperactivity disorder (ADHD). The 

behavioral manifestation of these symptoms may be labeled as being lethargic, 

daydreaming, frequently staring, and being disorganized (Barkley, DuPaul, & McMurray, 

1990; Hartman, Willcutt, Rhee, & Pennington, 2004; McBurnett, Pfiffner, & Frick, 

2001). Indeed, recent research suggests supports the indication that SCT may not be 

limited to ADHD, but may also be prevalent among Survivors (Reeves et al., 2007). 

More, Survivors exhibiting late effects similar to SCT has potential implications for 

acknowledging the benefit of methylphenidate in alleviating problematic symptoms with 

Survivors (Barclay, 2009).  
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RESEARCH IMPLICATIONS 

As mentioned previously, this study is a useful addition to the extant late effects 

literature in several ways. In general, any research on the effects of contemporary 

chemotherapy regimens is worthy. Even with the limitations associated with this study’s 

sample size, few investigations have provided a current view of Survivor late effects that 

exceeded our number of participants. This study was also the first to include the teacher’s 

perspective on the behavioral performance of executive functions by Survivors. Given the 

importance of executive function on academic achievement and the developmental 

context of the school system in general, this study’s contribution to the literature is clear.  

More specifically, this study provided additional clarity to an equivocal research 

base. Additional evidence was found regarding the existence of processing speed and 

(behaviorally-rated) executive function late effects. In contrast, Survivors did not 

demonstrate late effects on individually administered, performance-based measures of 

executive function. This latter finding lends weight to a possible re-examination 

regarding the value of only examining the executive function domain with performance-

based measures during a neuropsychological assessment and the importance of including 

a ratings-scale, observation measure with ecological validity.  

In contrast to the convergent findings, this study did not find support for the 

hypothesis that the prognostic factors of age at diagnosis, intensity of treatment, gender, 

and time since the completion of treatment are associated with an increased risk of late 

effects. These results do not imply a lack of prognostic value for these risk factors—
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rather, it will be important to continue to examine their relevance in predicting risk, 

particularly with contemporary chemotherapy-based protocols. 

The finding that Survivors exhibit impaired processing speed is an important 

addition to the late effects literature, as it provides additional evidence of impaired 

information processing following the completion of cancer treatment. Additionally, these 

findings are noteworthy as this study updated the literature by incorporating the use of 

contemporary measures of processing speed with an additional measure not yet used in 

the study of late effects. Finally, as the study of cancer treatment can be somewhat 

difficult to pinpoint due to advances and adaptations in treatment approaches, these 

findings provide a much needed examination of the effect of contemporary chemotherapy 

regiments on Survivor processing speed.  

As a whole, there are several important contributions related to associations 

among measures of processing speed and executive function. First, the findings for 

Parent-Teacher agreement and a comparison of differential severity of ratings are the first 

of their kind in the late effects literature. Given the previous findings with other 

populations, suggesting low concordance between parent-teacher ratings on like scales 

(Achenbach & Adelbrock, 1986; Gioia et al., 2000; Murray et al., 2007), these findings 

may have implications for understanding how the particular condition of pediatric cancer 

and Survivorship may have a positive effect on home-school collaboration and parent 

involvement. Second, in relation to the findings for no significant relationships between 

processing speed and behavioral ratings of executive function in Survivors, this study is 

also the first to report these results. These findings have relevance, despite being 
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inconsistent with studies demonstrating the importance of processing speed in 

performance-based measures of executive function and processing (Bucur & Madden, 

2010; Drew, Starkey, Isler, 2009).  In fact, these findings may indicate that processing 

speed has a different relationship with behavioral ratings of executive function and may 

play a different role in a more ecologically based assessment of executive function. 

Third, the findings for not significant relationships between performance-based measures 

of executive function and behavioral ratings of similar dimensions of executive function 

provide additional support to the extant literature of low convergent validity with 

performance-based tasks of executive function, particularly with the BRIEF (Gioia et al., 

2000; Toplak et al., 2009). 
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Limitations of the Study 

Although this study included a sample size generally consistent with the majority 

of late effects research, the inherent limitations of a small sample size, decreased power 

to detect differences, and restricted use of available statistical analysis cannot be ignored. 

This is an important limitation to understand, as it likely impacted the effectiveness of 

statistical analyses to provide accurate information regarding the “true” nature of late 

effects in the sample. Given that Bonferroni correction was not used to address multiple 

comparisons, an additional limitation is the increased risk of Type I errors in this study.  

As such, the findings from this study would benefit from replication with a larger sample. 

Additionally, the use of published norms as a comparison group was less than idealistic 

and a replication of this study with the inclusion of a control or orthopedic comparison 

group might prove more useful.  

This study also failed to account for the effect of psychosocial variables (e.g., 

socioeconomic status, parent education, family stressors) on Survivor late effects. The 

addition of these variables may allow for additional insight into the multidimensional 

nature of neurocognitive late effects and further explore factors related to risk and 

resiliency. Furthermore, this study was not able to account for the potentially mediating 

role of neurobiological factors such as white matter integrity while examining processing 

speed and executive function late effects. Inclusion of such data would have provided a 

more encompassing explanation for the relationship between observed late effects within 

a neurodevelopmental model (Butler & Haser, 2006; Moleski, 2000; Mulhern & Butler, 

2004; Reddick, et al. 2006).  
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A lack of pre-morbid data is a common limitation of late effects research and the 

same drawbacks are applicable to this study. This study would have benefitted from a 

prospective research design that included data from a baseline neuropsychological 

evaluation at the time of diagnosis, to provide a pre-treatment data point from which to 

compare Survivor performance.  Without pre-morbid estimates, conclusions about 

decline (or lack thereof) and their relationship to late effects may be flawed, as some 

studies that include measures of premorbid functioning have shown baseline functioning 

to be variable, even higher than expected (Brown, et al. 1996; Carey, et al. 2007). 

Additionally, the categorical nature of the intensity of treatment data was a limitation in 

this study. While the design would have benefitted from quantitative estimates of 

chemotherapy protocol dosages, potentially providing additional variance to help detect 

an effect, access to quantitative data for chemotherapy dosage was not available for this 

study.  

Finally, demographic limitations may have also contributed to limitations in this 

study. Compared to the expected demographic distribution of ALL Survivors, 

participants comprised a disproportionate number of males and were primarily 

Caucasian. More, a requirement for participation was that Survivors were English-

speaking, excluding a Spanish-speaking population that is equally relevant to 

understanding the late effects of pediatric cancer treatment. 

In sum, this study had several limitations that raise concern regarding the 

accuracy and generalizability of the results. The significant and not significant results 

may reflect a true phenomenon regarding the presence or absence of late effects in 
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Survivors, yet the limitations of the available data also suggests that this study’s results 

should be interpreted and generalized with caution.  

Future Directions for Research 

The results of the current study, suggesting processing speed and executive 

function late effects in Survivors, indicates several directions for continued research. 

Future studies should include a control or orthopedic comparison group, yet the use of 

sibling controls may also be useful.  To increase the strength of research design, future 

studies should match controls for gender, age, and SES. At a minimum, baseline data 

should be included to provide a pre-morbid estimate of Survivor functioning; however, a 

longitudinal design with multiple time points would be optimal. As mentioned, the use of 

larger sample sizes, likely only attainable through multisite collaboration, will allow for 

increasingly sound research, use of more advanced statistical analyses, and greater 

confidence in interpretation of results. Additionally, anecdotal evidence suggests an 

increasing need for Spanish-speaking neuropsychological evaluations for Survivors. As 

this study only included English-language participants, the late effects research base 

would benefit from future investigations that include Spanish-speaking and/or English-

language learners Survivors, including data from their families. Additional research with 

Spanish-speaking Survivors would provide a better understanding of the needs of this 

understudied population, a reality that is even more apparent in the late effects literature.   

It may also be beneficial for future late effects studies to integrate 

neuropsychological assessment results with cognitive rehabilitation/remediation efforts, 
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which has shown sufficient evidence for the effectiveness of rehabilitation with traumatic 

brain injury populations (Cicerone, Levin, Malec, Stuss, & Whyte, 2006; Rohling, Faust, 

Beverly, & Demakis, 2009). While research has demonstrated benefit to neurocognitive 

intervention in the short term (Butler & Copeland, 2002; Butler et al., 2008), additional 

research regarding the long-term outcomes with cancer survivors is needed. Intervention 

studies will provide important documentation for the benefits of early, preventative 

neurocognitive intervention in Survivors. This may include those who may not yet show 

significant deficits, but who are at risk for developing late effects over time. Findings 

from such research will provide evidence for professionals working with Survivors to 

advocate for the need for such interventions. Given findings that Survivors may 

demonstrate behavioral deficits consistent with SCT, future studies investigating the 

benefits of pharmacological intervention may also be prudent. In fact, there is emerging 

research supporting significant improvement with methylphenidate (Mulhern et al., 

2004), yet additional research will needed.          

Although previous research has demonstrated increasing evidence that Survivor-

related risk factors influence long-term neurocognitive outcomes, these findings were not 

supported in the present study. In fact, this study found contradictory results in that 

increased time since the completion of treatment predicted better processing speed 

performance.  Future research for time since completion of treatment as a late effects risk 

factor would be relevant. This could serve to either confirm previous research for risk or 

replicate the buffer effect of time on processing speed found in this study.  Despite this 

study’s lack of replication of previous findings, the late effects literature would benefit 
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from continued research concerning increased risk for long-term neurocognitive 

complications with increased time since the completion of cancer treatment, lower age at 

diagnosis, female gender, and increased intensity of chemotherapy treatment. 

Finally, future research should continue to include the use of advanced imaging 

techniques, such as functional magnetic resonance imaging (MRI) and diffusion tensor 

imaging (DTI). This data may shed light on the nature of neural changes following 

treatment and their relationship to observed neurocognitive deficits. Given the previously 

demonstrated declines in white matter volumes in Survivors and the effect of decreased 

white matter integrity on processing speed and executive function, this study’s findings 

lend support for future research that examines the role of white matter in chemotherapy 

late effects. 

Conclusion 

Research in the fields of oncology and neuropsychology has contributed to 

significant progress in the understanding and treatment of pediatric cancers in the past 

three decades. More than 80% of children diagnosed with acute lymphoblastic leukemia 

(ALL) will be effectively treated and live as Survivors.  In conjunction with feedback 

from the late effects literature, significant progress has been made to tailor treatments to 

ensure minimal long-term complications, while maximizing cancer treatment 

effectiveness. Although much work remains to be done, results of this study suggest that 

treatment continues to come with a cost. With a better understanding of the late effects of 

chemotherapy, Survivors, their parents and teachers will have a better understanding of 
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not only what to anticipate, but also knowledge that will guide them to services to best 

accommodate and remediate these difficulties. Increasing our understanding of the long-

term effects of cancer treatment has implications for the quality of life of Survivors, 

particularly as the majority now go on to live healthy lives, well into adulthood. 
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Appendix B 

Parent/Guardian Informed Consent Agreement 

Please read this consent agreement carefully before you decide to allow your child to participate in this 

research study.  Your child will also receive an assent form; please review the assent form with your child. 

 

Hello, 

On behalf of the University Of Texas at Austin and the LIVESTRONG Survivorship Center at Dell 

Children's Blood & Cancer Program of Central Texas we are inviting you to participate in a potentially 

important research study. Our names are Daniel Garrison and Amanda Winter and we are doctoral students 

in School Psychology (Educational Psychology Department) at the University of Texas at Austin.  The 

purpose of this study is to investigate the potential long-term effects of cancer treatments in survivors of 

childhood ALL. This study is part of our doctoral dissertations and will potentially lead to a better 

understanding of the effects of treatment toxicity on the brain. Specifically, we will be looking at the 

following abilities: working memory (the ability to manipulate information in memory), processing speed 

(the ability to efficiently process information), and executive function (the ability to plan, organize, 

monitor, and self-regulate one's actions to achieve a goal).  

 

In order to gather this information from these specific abilities, your child we be asked to complete a full 

neuropsychological assessment that consists of various tests that provide information on how to solve 

problems with and without using your words. Many children find these tests to be interesting and even fun 

and will provide information on how he/she thinks and learns. Testing will require approximately 150 

minutes of your child's time and effort. This testing will take place in a quiet room at Dell Children's Blood 

and Cancer Program of Central Texas. Your child may take a break at any point during the evaluation. 

 

As your child completes the assessment, you will be asked to fill out a brief history form and questionnaire 

requiring approximately 30 minutes of your time. In addition, you will be provided a separate, brief 

questionnaire and a self-addressed, stamped envelope, to give to your child's teacher to complete and 

return. 

 

Upon completion of the assessment, we will score and interpret the results and provide you with a 

comprehensive, integrated report, which you may use as you wish.  Some parents use such a report to assist 
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in the development of any needed educational planning or interventions. We are available to give you 

feedback over the phone regarding the results and any of their implications. The neuropsychological 

assessment, report, and feedback will be provided at no charge. Each assessment will be supervised by 

Rachel Robillard, Ph.D., L.S.S.P.(Credentialed Psychologist, Seton Healthcare Systems). 

 

Please read the following carefully and thank you in advance for your consideration in participating in our 

study.   

Sincerely, 

 

Daniel A. Garrison, M.A.     Amanda L. Winter, M.A. 

Doctoral Candidate     Doctoral Candidate 

The University of Texas at Austin    The University of Texas at Austin 

School Psychology     School Psychology 

Educational Psychology     Educational Psychology 

Telephone: (512) 773-1267    Telephone: (512)-917-0766 

 

Purpose of the research study: The purpose of this study is to examine working memory, speed of 

information processing, and executive function in survivors of childhood ALL. These abilities have 

implications for a child's educational, social, emotional, and daily functioning. This investigation also aims 

to investigate risk factors that may make it more likely to develop such problems in the future. Examples of 

potential risk factors include intensity of treatment, age at diagnosis, and gender.  

 

What will you and your child do in the study: If you and your child consent to participate in this 

investigation, you will be asked to attend a single assessment session at Children's Blood & Cancer 

Program Dell Children's Medical Center of Central Texas in Austin, TX. At that time, your child will 

complete a neuropsychological evaluation that will take approximately 150 minutes. You, as the 

parent/guardian, will be asked to complete two additional surveys that will take approximately 30 minutes 

total. If you also consent to and sign an “Exchange of Information” form, one of your child’s teachers will 

be sent a similar survey that will ask him or her to answer questions regarding your child’s neurocognitive 

functioning in the school system. This survey will take approximately 30 minutes for your child’s teacher 

to complete and you will be provided with a self-addressed stamped envelope to be used in returning the 

teacher survey through U.S. Mail.  

 

The performance on neuropsychological tasks, answers to all surveys, as well as any demographic 

information that is collected, will be used to determine any problematic long-term effects that pediatric 

cancer survivors may or may not experience that may be associated to their completed treatment. This 
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study will also require our access to your child's cancer treatment summary in their medical history. We 

will only be looking at the date of diagnosis, date of last treatment, and the dosage of treatment received. 

The primary investigators may also contact you to answer any questions or address any concerns you have.  

You are also encouraged to contact the investigator if you have any questions and/or concerns about you or 

your child’s participation.  

 

While it is important to receive all materials fully completed, you and your child may skip any question or 

stop any evaluation task that may make you or your child feel uncomfortable. You and your child may stop 

the any part of the evaluation at any time.  

 

Confidentiality: All information attained in this study will be handled confidentially.  Your information will 

be assigned a code number and the list connecting your child’s name and/ or your name to this code will be 

kept in a locked file. When the study is completed, this list will be destroyed. Your child’s name and/or 

your name will not be used in any report, other than the one provided to you upon completion of the 

assessment.   

 

Researchers are required by Texas state law and professional ethics codes to report to Child Protective 

Services (or other appropriate regulatory agency) all instances of alleged child abuse and neglect. Please 

not that if your child is believed to be at risk for emotional, psychological or possible physical harm or 

neglect, then the investigator will report this information to the attending physician, Child Protective 

Services, and any other necessary regulatory agencies. Please note when a child reports neglect or being 

harmed, participants cannot stop the referral of their child's case to the authorities and any subsequent 

actions taken.  

 

If you have any questions about the study, concerns, or to withdraw from the study, you can call Rachel 

Robillard, Ph.D. at (512)-934-7858 or you may contact one of us.  

 

If you have questions about your rights as a participant, please contact Lisa Leiden, Ph.D., Chair, The 

University of Texas at Austin Institutional Review Board for the Protection of Human Subjects, (512)-471-

8871.  

If you consent to it below, the data resulting from your participation may be made available to other 

researchers in the future.  

 

Time required: The forms included in a full neuropsychological assessment will require approximately 30 

minutes of your time. Forms to be completed by your child's teacher will require approximately 30 minutes 
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of their time. Your child should expect to spend approximately 150 minutes to complete the 

neuropsychological assessment.  

 

Benefits:  The study may provide beneficial information on the neuropsychological functioning of your 

child. You will receive a full neuropsychological evaluation and report, at no charge, that may be used to 

inform the development of any educational planning or interventions, if needed. The study may add to 

research on any long-term cognitive effects that pediatric ALL survivors may experience.  In addition, 

results of this investigation may add to the development of future treatment protocols that reduce the 

likelihood of such problems as a result of treatment.  

 

Risks: Anticipated risks in this study may include minimal psychological discomfort related to questions 

about current neurocognitive problems. Your child may also experience mild fatigue or frustration in 

response to the duration of the evaluation. Because some questions may be of a sensitive nature, you and 

your child are not required to answer those items. In the event that these questions produce psychological 

discomfort, you may have your concerns addressed and/or receive debriefing consultation by Dr. Rachel 

Robillard, Ph.D. (512- 934-7858) or Dr. Cindy Carlson, Ph.D., (512-471-0276) licensed psychologists and 

university faculty sponsors. 

 

Voluntary participation: You and your child’s participation in this study (as well as the participation of 

your child’s teacher) are completely voluntary.  

 

Right to withdraw from the study: You are free to refuse to be in this study. You are free to discontinue 

participation for any reason at any time, and your refusal or discontinuation will not influence current or 

future relationships with The University of Texas at Austin or Dell Children's Hospital.  

 

Please check the appropriate box indicating that YES you have read this letter and are giving permission for 

you and your child to participate in this study or NO you do not want to participate. Regardless of your 

decision, please sign this form indicating your choice. 

 

How to withdraw from the study: If you and/or your child want to withdraw from the study, tell the 

researcher.  There is no penalty for withdrawing. If you would like to withdraw after your materials have 

been submitted, please contact the principal investigators, Daniel A. Garrison or Amanda L. Winter at 

austinoncology@gmail.com  

Payment: You will receive no payment for participating in the study.  
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STATEMENT OF SUBJECT CONSENT 

Do not sign this consent form after: (            ) 

 

This study has been explained to me. I voluntarily agree to take part in this study. I have had the 

opportunity to ask questions. I understand that the investigators listed on this form can answer future 

questions I may have about this study and my child’s rights. By signing this form I understand that I am not 

giving up any of the patient rights listed on the attached “Patient Bill of Rights”.  I understand that signing 

this consent does not take the place of any other consent forms I have signed. I understand that I will be 

given a copy of this consent to keep and that if I request it, I will be given a copy of the study protocol. 

 

 YES I give permission for my child, __________________, and me to participate in this study. This 

includes permission for (1) my child to participate in the assessment, (2) permission for the researchers to 

access my child's cancer treatment history in his/her medical records, (3) permission for my child's teacher 

to complete a questionnaire regarding my child in the classroom, and (4) the data from this study to be used 

in future research. 

 

NO I do not give permission for my child, _______________, and me to participate in this study. 

 

 

 

__________________________       ____________________________ 

Signature of Parent/Guardian  Printed Name 

 

 

 

__________________________  ____________________________ 

Date     Time 

   



 150 

 

If you have questions about the study, contact the Principal Investigators: 

Daniel A. Garrison 

School Psychology Program, 1 University Station D5800 

Austin, TX 78712 

Telephone: (512) 773-1267; danielgarrison@gmail.com 

Amanda L. Winter 

School Psychology Program, 1 University Station 

D5800 

Austin, TX  78712 

Telephone: (512)-917-0766; awinter@mail.utexas.edu 

Faculty Advisors: 

Rachel Robillard, Ph.D., LSSP 

4810 B Spicewood Springs Rd.; Austin, TX 78759 

robillard@alumni.utexas.net; Telephone: (512) 934-7858 

 

Cindy Carlson, Ph.D, 

Professor Department of Educational Psychology,  

College of Education, 1 University Station D5800  

Austin, TX 78712 

cindy.carlson@mail.utexas.edu; 512-471-0276 

 

If you have questions about your rights in the study, contact: 

Sharon Horner, RN, Ph.D. 

Brackenridge Hospital’s IRB Chair 

601 E 15
th

 Street 

Austin, Texas 78701 

(512) 324-7991 

 

Jody Jensen, Ph.D., Chair 

The University of Texas at Austin 

IRB for the Protection of Human Subjects 

(512) 232-2685 

The University of Texas at Austin 

Office of Research Support 

(512) 471-8871; orsc@uts.cc.utexas.edu 
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EXPERIMENTAL SUBJECTS BILL OF RIGHTS 

What are your child’s rights as a research subject? 

The following is the Experimental Subject's Bill of Rights.  Please read and keep this information for future 

reference.  Although the principal investigators may be available to answer related questions, those 

pertaining to subject rights listed below should be addressed to the Chair of the Brackenridge Institutional 

Review Board, Sharon Horner, RN, PhD at (512) 324-7991.  

 

You have the right to: 

* To be told what the study is trying to find out. 

* To be told what will happen to your child and whether any of the procedures, drugs, or devices that are 

different from what would be used in regular practice. 

* To be told about the frequent and/or important risks, side effects or discomforts of the things that will 

happen to your child for research purposes. 

* To be told if your child can expect any benefit from participating and, if so, what the benefit might be. 

* To be told the other choices your child has and how they may be better or worse than being in the study. 

* To be allowed to ask questions about the study, both before agreeing to volunteer and during the study. 

* To be told what kind of medical treatment is available if your child has any problems. 

* To refuse to have your child participate at all or to change your mind about his/her participating after the 

study is started.  This decision will not affect your child’s right to receive the care he/she would receive if 

he/she were not in the study. 

* To receive a copy of the consent form. 

* To be free of pressure when deciding whether you wish to allow your child to be in the study. 

 

**************************************************************************************

****** 

I have fully explained this clinical research study to the participants, and in my judgment, and theirs, there 

is sufficient information regarding the risks and benefits to make an informed decision.  I will inform the 

participants in a timely manner, of any changes in the risks and benefits of this clinical research study. 

 

___________________________   ________________ _______________ 

Investigator Signature  Printed Name             Date         Time
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Appendix C 

Minor Informed Assent Agreement 13-17 

Please read this assent agreement with your parent(s) or guardian(s) before you decide to participate in the 

study.  

 

WHAT IS THIS INVESTIGATION ABOUT? Hello, our names are Daniel Garrison and Amanda Winter 

and we are graduate students in School Psychology at the University of Texas at Austin. We would like to 

tell you a little about our study.  You may remember that when you were being treated for cancer, you may 

have sometimes experienced negative side effects of treatment such as hair loss, vomiting, loss of appetite, 

stomachaches, pains, etc.   

 

You may also have experienced problems with your thinking, memory, concentration, balance, speech and 

vision problems. Fortunately, a lot of those effects went away when you finished treatment; for some, 

however, those side effects remain.  Although we know a lot about the potential effects on the body caused 

by treatment, we still do not know a lot about how your experience and the treatments you received (like 

chemotherapy and/or radiation) affect thinking and memory in children and adolescents years later.   

 

WHAT DO I HAVE TO DO? As part of our study, you will be asked to complete a neuropsychological 

assessment that will take approximately 150 minutes of your time. During the assessment, you will be 

asked to complete several problem-solving tasks using language, your memory, your ability to do things 

quickly, as well as your ability to figure out patterns and puzzles. Most people who complete an assessment 

find it to be an enjoyable experience. You can do it all at once, or you can take breaks and complete the 

assessment in chunks. We will also ask one of your parents, and one of your teachers to fill out some 

questionnaires about your thinking and feelings at home and at school. 

  

RISKS AND BENEFITS: If you participate in the study, you may get tired and some of the tasks may seem 

sort of hard. You may take a break, or stop, at any time. You may also be uncomfortable if you are not used 

to answering questions about your emotions.  However, if you get to a question and you do not want to 

answer it, you can skip it.  If you start the assessment and realize you don’t want to complete it, you can 

stop at any time with no penalty to you or your family.   If you continue to experience discomfort, your 

parent/guardian can contact Dr. Rachel Robillard, Ph.D (512- 934-7858) or Dr. Cindy Carlson, Ph.D., (512-

471-0276) licensed psychologists and university faculty sponsors.   
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If you participate in this study, there will not be any direct benefit to you.   You and your parents, however, 

will get a full report of how you did and what that means. If some things are harder for you now that you’re 

done with treatment, it can help get you help you need. Your participation in this testing will help us better 

understand thinking, learning and memory in cancer survivors, which may help us prevent those problems 

from happening in children and adolescents who may be diagnosed with cancer in the future.    

 

CONDIFENTIALITY: The information that you give to us during this study will be kept private.  Your 

name will not be used.   

 

DO I HAVE TO PARTICIPATE? You don’t have to participate in this study and you can stop doing the 

study at any time.  If you want to stop doing the study, tell your parents and one of us, Daniel Garrison or 

Amanda Winter.  If you choose to stop before we are finished with the study, any testing you already did 

will be destroyed.  There is no penalty for stopping.  If you decide that you don’t want your materials in the 

study but you already turned them in, contact Daniel Garrison or Amanda Winter at 

austinoncology@gmail.com. 

 

Agreement: (Parents/Guardians: Please read aloud to your child if they are unable to read) 

 I understand that my Mom, Dad or Guardian has said that it is okay for me take part in this study 

about the effects of my cancer treatment. 

 I understand what this study is about. 

 I understand that I am agreeing to complete an assessment that will last 150 minutes. 

 I am going to be in this study because I want to. 

 I have been told that I can stop being a part of this study anytime I want to.  Nothing will happen 

to me if I want to stop.  

 

__________________________  ____________________________ 

Signature of Child   Printed Name of Child 

 

 

__________________________  ____________________________ 

Signature of Parent/Guardian  Printed Name of Parent/Guardian 

 

 

_______________ 

Date 
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Appendix D 

Minor Informed Assent Agreement 6-12 

Please read this paper with your Mom or Dad.   

 

Hello, our names are Daniel Garrison and Amanda Winter and we are students at the University of Texas. 

We are working on a study to learn about kids like you who were treated for cancer. You probably 

remember that the medicine you took to fight the cancer had side effects that made you feel sick.  Most of 

the these side effects go away when you stop treatment, but for some children, they may have other side 

effects on their thinking and memory, even though they have stopped treatment.  For some kids, this can 

make learning harder once they return to school, even if the doctor has told them that their cancer is gone 

and that things are back to normal.  

 

We don’t really know if or why this might happen, but we would like to find out. If we find that kids like 

you are having a hard time with different ways of thinking and remembering things long after you finished 

treatment, then we and others can use that information to develop ways keep these things from happening 

at home and school. 

 

As part of our study, we would like to ask you to complete a bunch of different activities, like puzzles and 

games.  Most people who complete these activities usually say they have fun answering the different 

questions and trying the different activities and puzzles. It should take you about 2 and a half hours to 

complete, but you can always take breaks and come back to it later if you get tired. 

 

RISKS/BENEFITS: It may seem like some of the activities we do are hard and like it is taking a long time. 

Also, some questions about problems might make you feel uncomfortable or sad. If you start to feel tired, 

sad or nervous during any activity, you can stop at any time and tell your parent or guardian. Answering 

these questions won’t help you directly, but you and your family will learn a lot about how think and learn. 

Also, hopefully your answers will help us learn more about children and any problems with thinking or 

learning they might have after finishing treatment.  

 

CONFIDENTIALITY: Your answers to our questions during this study will be kept private.  Your name 

will not be used, and no one who reads about our study will know it was you.  

Your answers to our questions during this study will not have your name on it, so we won’t know what 

answers you give.  
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DO I HAVE TO PARTICIPATE IN THIS STUDY? You don’t have to participate in this study.  You can 

stop doing the study at any time. If you want to stop doing the study, you can tell your parents and they will 

tell us.  If you choose to stop before we are finished with this study, any answers you already gave will be 

destroyed.  You will not get in trouble for stopping.  If you decide that you don’t want your materials in the 

study but you already turned them in, tell your parents to contact us.  

 

Agreement: (Parents/Guardians: Please read aloud to your child if they are unable to read.) 

 I understand that my Mom, Dad or Guardian has said that it is okay for me take part in this study 

about the effects of my cancer treatment.   

 I understand what this study is about. 

 I understand that I will be testing for 2 and a half hours. 

 I am going to be in this study because I want to. 

 I have been told that I can stop being a part of this study anytime I want to.  Nothing will happen 

to me if I want to stop.  

 

 

 

__________________________  __________________________ 

Signature of Child    Printed Name of Child 

 

 

__________________________  __________________________ 

Signature of Parent/Guardian  Printed Name of Parent/Guardian 

 

 

_______________ 

Date 
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Appendix E 

RELEASE AND EXCHANGE OF CONFIDENTIAL INFORMATION 

 

Patient name:_______________________________________________________ 

Address:  __________________________________________________________ 

Date of Birth:  ________________    Social Security No. ____________________ 

 

This form authorizes Daniel Garrison, M.A. of Austin, Texas to receive the following information from: 

(please specify the teacher you would like me to contact) 

 

Name of teacher:  _______________________________________________ 

   Name of teacher                                              

_______________________________________________________________________ 

   Name and Address of School       

_______________________________________________________________________ 

   Phone Number of School   FAX Number 

 

Please provide the following information on this student: 

____   Assessment of emotional and behavioral functioning, otherwise referred to as the BASC-2 form 

 Purpose of disclosure:    ____  Research     ______other 

Authorization will be valid for 120 days from the date of signature. The patient and/or their guardian can 

revoke this authorization in writing at any time prior to the expiration date. The patient and/or guardian 

agrees that a photocopy of this authorization may be considered valid.  

 

Parent signature (or legal Guardian):  ____________________________________ 

     Date:  ___________________________________  
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