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Abstract

Background—Despite evidence that CNS treatment is associated with cognitive and academic
impairment, interventions to prevent or mitigate these problems are limited. The purpose was to
determine if early intervention can prevent declines in mathematics abilities.

Procedures—Fifty-seven children with ALL were enrolled and randomized to a Mathematics
Intervention or Standard Care. Subjects completed neurocognitive assessments prior to the
intervention, post intervention, and one year later. Parents received written results and
recommendations for use with their school. The Mathematics Intervention was based on Multiple
Representation Theory and delivered individually over one year.

Results—Thirty-two of 57 subjects completed the study and were included in data analyses.
These 32 subjects completed all neurocognitive assessments and, for those in the intervention
group, 40-50 hours of the mathematics intervention. There were no group differences on relevant
demographic variables; risk stratification; number of intrathecal methotrexate injections or high
dose systemic methotrexate. Significant improvements in calculation and applied mathematics
from baseline to post-intervention (p = 0.003 and 0.002, respectively) and in visual working
memory from baseline to one year follow-up (p = 0.02) were observed in the Intervention but not
the Standard Care group. Results from repeated measures ANOVA demonstrated significant
between group differences for applied mathematics (F[2, 29] 12.47, p<0.001) and visual working
memory (F[2 29]= 5.53, p=0.009).

Conclusions—The Mathematics Intervention improved mathematics abilities and visual
working memory compared to standard care. Future studies are needed to translate the
Mathematics Intervention into a “virtual” delivery method more readily available to parents and
children.
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Background

Leukemia is the most common form of childhood cancer, accounting for roughly 30% of all
cancers occurring before 20 years of age.[1] Improvements in the treatment of acute
lymphoblastic leukemia (ALL) have led to a remarkable increase in the survival rate for
children younger than 15 years of age, which currently exceeds 90%.[2] Neurocognitive
impairment are increasingly recognized as a relatively common consequence of childhood
leukemia treatment. While the adverse effects of central nervous system (CNS) radiation are
well documented, [3-7] intrathecal and systemic methotrexate are also associated with
neuroanatomical changes, [8-10] and academic and cognitive problems.[11-16] Recent
work also demonstrates systemic methotrexate therapy is associated with impairment in
working memory and visual-spatial organization and reasoning.[17] Two meta-analytic
reviews confirm the existence of significant neurocognitive sequelae in children treated for
leukemia with and without radiation.[15,18]

Neurocognitive impairment is most often characterized by deficits in attention/
concentration, visual/motor integration and visual-spatial awareness, information processing
speed, and working memory. Studies of long-term survivors who received chemotherapy for
CNS treatment report declines in performance on tests of intellectual function, [11,19,20] as
well as problems with attention, [21,22]working memory, [3,17,23] visual spatial abilities,
[16,24] and executive function.[15,25]Declines in mathematics continue to be the most
frequently documented academic problem.[12,13,26] A number of investigators found
statistically significant declines in mathematics achievement scores three or more years
following diagnosis. Our research team reported that children with ALL receiving
methotrexate for CNS treatment had an average decline of 0.63 standard deviation (SD) in
mathematics abilities, 0.80 SD in visual spatial skills, and 1.07 SD in verbal fluency.
[13,14,26]

Despite a growing body of literature documenting the adverse effects of CNS treatment on
cognitive and academic abilities of children with ALL, there are very few published reports
on interventions designed to address this clinically important problem.[27] To date,
strategies to mitigate the impact of cancer therapy on brain function have included
psychopharmacologic treatment and cognitive rehabilitation. Treatment of attention
problems with methylphenidate has demonstrated limited efficacy in improving specific
cognitive skills in survivors of pediatric cancer.[28-30] While methylphenidate may
enhance behavior and learning strategies, such treatment has no demonstrated impact on
academic outcomes such as mathematical problem solving. Cognitive rehabilitation
strategies include direct intervention on specific areas of impairment and the integration of
problem solving strategies.[31] Butler and Copeland developed a cognitive remediation
program (CRP) based on the literature from brain injury rehabilitation, special education
psychology and clinical pediatric psychology.[32] Essential components of the CRP include
repetitive practices that exercise attentional process related to executive function, cognitive
strategies related to task preparedness, and behavioral interventions that support a positive,
realistic therapeutic environment that promotes skill acquisition. A multicenter, randomized
clinical trial of the CRP enrolled 161 survivors of childhood cancer who were 6-17 years of
age and experienced an attention deficit. Two-thirds of the group participated in the CRP.
Participants had small improvement in academic achievement (0.20 SD) however there were
no significant benefits to neurocognitive function that included attention, working memory,
memory recall, and vigilance. Researchers have also reported performance gains in a group
of 12 survivors who completed a 12 week cognitive and problem solving program; however
low participation rates raised concerns regarding acceptance of this type of training efforts.
[33] Hardy and colleagues developed a home-based computerized cognitive training
program for leukemia and brain tumor survivors. They found good feasibility and
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acceptability associated with the program with significant increases in working memory and
parent reports of decreased attention problems following the 12 week program.[34]

As both psychopharmacologic and cognitive rehabilitative treatment approaches have been
initiated after the onset of late effects, the interventions may occur too late in the process of
development of neurocognitive problems. Early stimulation of “at risk” cognitive abilities,
prior to the onset of “impairment” may enhance neural networks and reduce the eventual
decline during long-term survivorship. The goal for neurocognitive interventions for
children treated for leukemia must promote developmental and adaptive progress and
address skill or functional deficits.[35] Interventions should focus not only on remediating a
single skill deficit but also problem solving strategies and establish a context that facilitates
optimal adjustment.

We initially tested the feasibility of a Multiple Representation Theory[36,37] based
Mathematics Intervention that focused on learning problem solving skills for survivors of
childhood leukemia with documented academic problems.[14] Mathematics concepts were
presented using a variety of symbolic, visual, and concrete representations in a systematic
skill acquisition method. This method has been effectively used with children who have
non-verbal learning disabilities and/or mathematics difficulties.[36] There were no group
differences with respect to age or mathematics abilities at the time of ALL diagnosis.
Children in the mathematics intervention group demonstrated significant gains in their
performance on measures of mathematics achievement, while children in the Comparison
Group did not show similar improvement. .[14] As a result of these encouraging preliminary
findings, we prospectively evaluated the efficacy of the Mathematics Intervention in a
randomized clinical trial.

The aim of the current study was to determine if the Mathematics Intervention was effective
in preventing declines in mathematics abilities among children with newly diagnosed ALL.
Children were randomized to either the Mathematics Intervention or to the Standard Care
Group during the continuation phase of chemotherapy for childhood ALL. Neurocognitive
assessments were conducted at baseline, at the end of the intervention, and one year
following the completion of the intervention. We hypothesized that mean scores on
mathematics achievement tests would be significantly higher in the Intervention Group than
the Standard Care Group, and that this difference in mean scores would be maintained at the
one-year follow-up interval.

Fifty-seven children with ALL (32 females and 25 males) were recruited through one of two
childhood cancer centers in the Southwest U.S. and enrolled at the time of ALL diagnosis.
All children were being treated on a standard protocol for childhood leukemia, which
involved either a short high dose intravenous methotrexate (HD 1VV-MTX) infusion (i.e. 2 g/
m?Z over 4 hr) or a long HD IV-MTX infusion (i.e. 1 g/m2 over 24 hr) during the
consolidation phase of treatment. All patients were also treated with IT MTX at age-titrated
doses according to the same dose schedule. No child included in the study received cranial
radiation therapy (CRT). All children were required to be at least five years of age at the
time of the initiation of the intervention, given the content of therapeutic training exercises,
and had entered the continuation phase of chemotherapy. Exclusion criteria included non-
English-speaking children, and previous diagnoses of learning disability, Attention-Deficit
Hyperactivity Disorder, mental retardation, psychiatric disorder, neurological disorder, or
traumatic brain injury associated with an alteration in consciousness. Protocols were
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approved by the Institutional Review Boards of both institutions. Informed consent was
obtained from all parents and assent for participation was obtained from the children.

Evaluation Measures

Intervention

Subjects in the Mathematics Intervention and the Standard Care groups were evaluated
according to the same neurocognitive assessment schedule. Baseline assessments were done
12 months after completion of induction therapy. The Post-Intervention assessment occurred
one year later and corresponded to completion of the Intervention. The Follow-up
assessment was done 1 year after the Post-Intervention assessment. This final assessment
occurred 12 months after the end of the Intervention and approximately at the end of ALL
therapy. The neurocognitive evaluation included assessment of general intellectual
functioning using the four factor Full Scale 1Q index from the Wechsler Abbreviated Scale
of Intelligence.[38] Processing speed was assessed with the Processing Speed index from the
Wechsler Intelligence Scale for Children — Third Edition.[39] Verbal and nonverbal working
memory were assessed using the Sentence and Bead Memory subtests from the Stanford-
Binet Fourth Edition.[40] Visual-motor integration skills were assessed using the visual-
motor integration index from the Beery-Buktenica Developmental Test of Visual-Motor
Integration.[41] Fine motor speed and dexterity was assessed using the Purdue Pegboard
test.[42] Finally, the Woodcock-Johnson-R Tests of Academic Achievement was used to
assess reading (Letter/Word identification subtest), spelling (Spelling subtest), mathematical
calculations (Calculations subtest), and applied mathematics (Applied Problems subtest).
[43] All of the measures standardized and norm referenced, and commonly employed in
clinical assessments.

Procedure

Patients were randomized to either the Mathematics Intervention (n = 24) or to Standard
Care (n = 33) Group using a computer-generated randomization table. 57 patients were
originally recruited and enrolled in the trial, although 4 were subsequently determined to be
ineligible due to a lack of proficiency with the English language. Of the 53 truly eligible
patients, 32 (60.4%) completed the intervention and all three evaluation time-points
(Baseline, Post-Intervention, Follow-up). Completion of the intervention was defined as
receiving 40-50 hours of individualized mathematics intervention during a one-year period.
Reasons for non-completion of the remaining 21 patients include elective withdrawal (n =
9), disease relapse (n = 6), family relocation (n=4), and study funding concluded prior to
completion of chemotherapy and evaluation time-points (n = 2).

Both the Standard Care and the Mathematics Intervention Groups received the same
neurocognitive evaluations, with results and relevant recommendations provided in a written
report for them to use with their local school system. All evaluations and reports were
completed under the direct supervision of a licensed clinical neuropsychologist.

The intervention was delivered individually approximately one to two hours per week.
Children in the Math Intervention Group were scheduled for intervention sessions either
directly before or after their medical clinic appointments. The sessions occurred near the
clinic in a designated space that was converted into a mathematics learning center. The room
was decorated with educational posters of mathematics and colorful bins filled with concrete
manipulatives, such as base-10 number blocks, tiles, cubes, counting chips, number lines,
etc., specifically designed for mathematics instruction.

The intervention sessions were designed to have the children explore, ask questions, discuss,
solve problems, and explain their solutions using multi-modalities, such as pictures, abstract
symbolism (numbers and operation symbols), contexts, mathematical language, and
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concrete manipulatives. Although the problem solving component of the curriculum was
designed specifically for application in mathematical contexts, the goal was for
transferability to general problem solving skills. Intervention subjects were placed in the
curriculum according to baseline skills and abilities demonstrated on the diagnostic
placement evaluation. The curriculum was designed with various entry points for students in
mathematical content and process standards as recommended by the National Council of
Teachers of Mathematics (NCTM)[44] which, in turn, are reflected in the 2010 Common
Core State Standards for Mathematics.[45]

The multi-modality approach for teaching and learning mathematics during the intervention
sessions was used because Multiple Representation Theory postulates that strengthening the
ability to move between and among representations improves the growth of students’
understanding of mathematical concepts.[37] The curriculum was developed and teacher
training was conducted by one of the co-authors (C.A.). Teachers implemented the
intervention and were required to have prior experience in teaching elementary, middle or
high school students and have background knowledge in multiple representations for
teaching and learning mathematics.

Statistical Analyses

Results

Independent samples T-tests or Chi-Square, where appropriate, were used to examine group
differences at Baseline on demographic and treatment characteristics. Performances on all
neurocognitive measures were transformed into age-adjusted standard scores, based on
nationally normative data. Repeated measures analysis of variance (ANOVA) was employed
to examine the change in performance within and between groups at Baseline, Post-
Intervention, and Follow-up. As outlined above, only participants who completed the
intervention were included in analyses, and evaluations for both groups were conducted at
fixed intervals. This resulted in a balanced study design, making a repeated measures
analytic approach appropriate. Paired samples t-tests were conducted to compare change at
Post-Intervention and Follow-up time-points, with both referenced to Baseline performance.

As seen in Table I, no group differences were evident in age at diagnosis, sex, mothers’ or
father’s education, or grade placement of the subjects prior to intervention. Groups were
equivalent on risk stratification, total number of intrathecal injections and number of patients
randomized to high dose intravenous methotrexate therapy arms. None of the subjects
received cranial radiation. The mean (SD) age at the time of ALL diagnosis was 6.7 (1.75)
and 6.5 (2.71) years in the Intervention and Standard Care Groups, respectively, which is
slightly higher than incidence data given the inclusion criteria and need to engage in
mathematical concepts and activities during the intervention. There were no differences
between those who completed (h = 32) and did not complete (n = 25) the study on age at
diagnosis (p = 0.67), grade at time of study recruitment (p = 0.46), mother’s education (p =
0.78), father’s education (p = 0.35) risk stratification (p = 0.60), IV methotrexate treatment
regimen (p = 0.14) or assignment to Intervention or Standard Care Group (p = 0.33).

Table Il presents a comparison between groups on Baseline neurocognitive evaluations.
Although assignment to groups was randomized, the Baseline performance on applied
mathematics was higher for the Standard Care Group (M =114.6, SD = 12.17) compared to
the Intervention Group (M = 99.5, SD = 16.53), p=0.006, though performance in both
Groups was in the average range. A similar pattern was observed on the measure of verbal
working memory, which was higher for the Standard Care Group (M = 100.8, SD = 12.45)
compared to the Intervention Group (M = 90.3, SD = 15.01), p=0.015, though again
performance in both groups was in the average range. Of note, both groups scored slightly
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lower on measures of fine motor dexterity, consistent with our previous report of early onset
problems in this skill.[46]

The results of the repeated measures ANOVA demonstrated signifcant interactions between
assessment time point and group membership. A significant interaction was displayed for
applied mathematics, F(2, 29) = 12.47, p<0.001, with a trend for improvement in calculation
skills over time, F(2, 29) = 3.00, p=0.07. As displayed in Table Ill, the intervention
procedure was effective at increasing applied mathematics at the post-intervention time
(p=0.002) and the follow-up time (p=0.001). Significant increases from baseline to post-
intervention were demonstrated in the Intervention Group on measures of calculations
(p=0.003), though by follow-up performance returned toward baseline (p=0.32). No
significant change was noted on the measures of mathematics in the Standard Care Group
and no differences were noted in either group on measures of reading or spelling [F(2, 29) =
0.20, p=0.82 for reading; and F(2, 29) = 1.03, p=0.37 for spelling]. This pattern
demonstrates specific efficacy in improving mathematical problem solving, with
maintanance of the primary intervention strategy (applied mathematics) over time. Figure 1
presents mean group performance, with 95% confidence intervals, for applied mathematics.
As seen in that figure, the Intervention Group demonstrates signfiicant improvement over
time, to the point that these subjects no longer fall below those in the Standard Care Group
at the post-intervention and followup time intervals.

In addition to improving targeted academic skills, improvement was seen in visual working
memory, F(2, 29) = 5.53, p=0.009. A significant improvement was observed in the
Intervention Group at the follow-up evalaution (p=0.02). Over the course of the intervention,
there was a gradual increase in visual working memory in the Intervention Group and a
gradual decrease in the Standard Care Group (see Figure 2). No differences overall
differences were observed for verbal intelligence, F(2, 29) = 1.26, p=0.30, perceptual
intelligence, F(2, 29) = 1.52, p=0.24, visual motor integration, F(2, 29) = 0.35, p=0.71,
verbal working memory, F(2, 29) = 0.65, p=0.53, or fine motor dexterity, interaction F(2,
29) = 0.17, p=0.84. Processing speed did decline at the Follow-Up assessment in the
Standard Care Group (p=0.03), although the overall group effect was non-significant, F(2,
29) = 0.39, p=0.68.

Discussion

Results support our hypothesis that a targeted Mathematics Intervention based on Multiple
Representation Theory was effective in improving mathematics abilities compared to
standard care. The intervention also improved visual working memory, a skill necessary for
mathematical reasoning and continued development of intellectual abilities. To our
knowledge this is one of the first studies that employed an early intervention approach that
focused on prevention rather than remediation of mathematical problems. Intervention at
this early phase resulted in an increase of roughly one standard deviation in applied
mathematics, substantially higher than the 0.20 standard deviation demonstrated in the
intensive CRP study described above.

The intervention appeared to have an immediate effect on improving calculation skills and a
prolonged effect on enhancing applied mathematical problem solving. Applied mathematical
problem solving continued to increase after the intervention ended. This dual impact is of
interest, as the training was targeted to age appropriate skills. As the child increases in age,
the expectations for applied mathematical problem solving advance as well. The ability of
the children in the Intervention Group to demonstrate continued improvement in problem
solving approaches two years after the start of the intervention suggests that they have
developed strategies that carry forward into more advanced problem sets. Although
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regression to the mean could be initially considered as a potential factor in explaining
differential changes on applied mathematics in group changes over time, this explanation is
inadequate as the significant impact of the intervention moves the Intervention Group away
from the mean (i.e. mean standard score of 99.5 at Baseline to 110.5 at Post-Intervention and
112.0 at Follow-up).

The improvement in working memory suggests that the early intervention approach may
also have a more robust effect and generalize to other cognitive abilities. Given that
mathematical problem solving requires working memory skills, training global problem
solving may have inadvertently enhanced these more basic processes. This may suggest that
a top-down approach (i.e. teaching problem solving to enhance more basic skills) to
neurocognitive intervention may be as beneficial, if not more so, than a bottom-up approach
(i.e. stimulating basic skills in the hope that they generalize to more advanced problem
solving abilities). Additional studies are needed to evaluate the potential benefits of early
cognitive stimulation in children receiving CNS therapy.

Mechanisms by which targeted interventions improve cognitive abilities are poorly
understood. One possible explanation is enhancing plasticity and neural pathways important
for complex cognitive abilities. Future studies that include neuro-imaging measures could
advance knowledge about the biological benefits of behavioral interventions to improve
cognitive and academic abilities.

Limitations of the current study should be acknowledged. The sample size is relatively small
given the national prevalence of children diagnosed with ALL. This, in part, was impacted
by the resources available to provide an intense intervention at two participating sites within
a limited time frame. This smaller sample was associated with a second limitation involving
a chance difference in groups at the Baseline assessment. Specifically, the Standard Care
Group demonstrated significantly higher performance on a measure of applied mathematics,
in the “high average range”, and verbal working memory, in the “average range”. Verbal
working memory did not change in either group over the course of the study, while children
in the Intervention Group demonstrated a significant improvement in applied mathematics.
The “high average” performance on applied mathematics in the Standard Care Group may
have limited the ability for that group to improve over time. Regardless, the joint
improvement demonstrated by the Intervention Group in applied mathematics and visual
working memory, which did not differ between groups at Baseline, would suggest a shared
impact of the intervention and not a simple ceiling effect.

One of the challenges of this project was attrition due to issues such as competing demands
of treatment regimens and other family obligations. Despite the positive outcomes of the
intervention on mathematical abilities and working memory, it is important to translate the
Mathematics Intervention into a delivery method that is more readily available to parents
and children. Our goal is to develop a virtual intervention that can be delivered in home the
environment with the availability of online assistance as needed.
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Figure 1.

Applied Mathematical Problem Solving Age Adjusted Standard Scores (mean = 100,
standard deviation =15) in the Intervention and Standard Care Groups. Results of repeated
measures ANOVA demonstrate a significant group by time interaction (F [2, 29] = 12.47, p
<0.001).
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Figure2.

Visual Working Memory Age Adjusted Standard Scores (mean = 100, standard deviation
=15) in the Intervention and Standard Care Groups. Results of repeated measures ANOVA
demonstrate a significant change over time in Intervention Group (F [2,29] =5.53,p< =
009).
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