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Abstract

Math development in children relies on several underlying cognitive functions, including
executive functions (EF), working memory (WM), and visual-motor abilities, such as
visual-motor integration (VMI). Understanding how these cognitive factors contribute
to children’s math performance is critical to supporting math learning and long-term
math success. The present quasi-experimental waitlist control study (N=28) aimed
to (a) examine the unique contributions of EF, WM, and VMI to math abilities among
children ages 5-8 years old with neurodevelopmental difficulties; (b) determine
whether a math intervention (the Mathematics Interactive Learning Experience;
MILE) that supports these cognitive processes was effective when modified to be
delivered to small groups in a school setting, and (c) examine whether any participant
characteristics, such as age or 1Q, were correlated with post-intervention math score
changes. At baseline, participants’ math scores were significantly below the normative
mean in all math content areas (ps<.0l). EF, WM, and VMI were highly correlated
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with math ability; however, verbal WM was the only unique predictor of math ability in
regressions analysis. Compared to a waitlist control group, children in the immediate
MILE intervention group achieved significantly greater math gains overall. When
all children who ultimately completed the intervention were considered together,
significant improvement was observed in more than half of math content areas.
Furthermore, at the individual level, 85.7% of participants showed reliable change in at
least one math content area. Implications for supporting math learning in children with
neurodevelopmental difficulties are discussed.

Keywords
assessment of interventions/outcomes, educational psychology, mathematics, disciplines
& subjects, Elementary school, participants

Math competence is crucial for success in many areas of life. Important daily living
skills, such as budgeting and time management, rely on an adequate ability to under-
stand and work with numbers. Individuals with low math competence are more likely
to be unemployed, earn lower wages, report poorer mental and physical health, and
encounter more trouble with the law even than those with other academic challenges,
such as low literacy skills (Geary, 2011; Parsons & Bynner, 2005). Math education is
cumulative, and children who demonstrate low math competence early on are likely to
continue to perform poorly in math throughout their schooling (Duncan et al., 2007;
Geary et al., 2013; Mazzocco & Myers, 2003). Consequently, early intervention in
math is very important; however, determining how to best support children struggling
with math learning can be challenging as the cognitive factors that contribute to math
difficulties are varied (Geary & Moore, 2016). For best practices in math intervention,
an understanding of the cognitive processes involved in math learning, such as execu-
tive functions (EF) and attention, working memory (WM), and visual-motor integra-
tion (VMI), is thus fundamental.

Cognitive Processes Involved in Math

EF refers to a range of higher-order cognitive processes such as attention, planning,
initiation, cognitive flexibility, and self-regulation which are involved in goal-oriented
behavior (Anderson, 2002). In relation to math, EF helps maintain focus, assists with
problem solving, and allows for flexible thinking (Cragg & Gilmore, 2014). EF is a
significant predictor of math performance in children with (Bull et al., 2008; Bull &
Scerif, 2001) and without math difficulties (Cragg & Gilmore, 2014).

According to Baddeley (2000), WM is a four-component cognitive system respon-
sible for temporarily storing and manipulating information. WM is particularly impor-
tant for math learning in children (Peng et al., 2016; Rasmussen & Bisanz, 2005),
including those with neurodevelopmental disorders (Rasmussen & Bisanz, 2011), and
predicts future math difficulties in young students (Toll et al., 2011). Three of the four
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proposed components of WM have been associated with math performance in chil-
dren: verbal WM (Alloway & Alloway, 2010; Swanson & Jerman, 2006), visual-spa-
tial WM (Bull et al., 2008), and the central executive (De Smedt et al., 2009). Some
research points to developmental changes in which visual-spatial WM is predictive of
math performance in earlier grades and verbal WM becomes more important for math
achievement in later elementary (Van de Weijer-Bergsma et al., 2015); however, the
evidence is mixed.

VMI involves the coordination of both visual-spatial and motor abilities (e.g.,
hand-eye coordination; Beery & Beery, 2010). Children with VMI challenges often
experience difficulties in math (Kim et al., 2018). Activities such as copying a figure
and writing legibly, which require visual-spatial and motor skills, are foundational to
math learning (Kulp, 1999; Pieters et al., 2012). VMI skills are associated with EF, and
both are predictive of math performance among typically developing children (Sulik
et al., 2018) and children with neurodevelopmental difficulties (Memisevic &
Sinanovic, 2013). In a study by Verdine et al. (2014), 70% of math skill variance in
preschool children was found to be predicted by EF and VMI performance together,
and 27% of math skill variance was predicted by VMI abilities alone.

Math Interactive Learning Experience (MILE)

The Math Interactive Learning Experience (MILE program) was developed to improve
math abilities in children with prenatal alcohol exposure (Kable et al., 2007). MILE
teaches math skills directly while also supporting the underlying cognitive processes
(EF, WM, and visual-spatial abilities) involved in math learning. An important compo-
nent of MILE is “FAR” (Focus/Plan, Act, and Reflect), a teaching methodology used
to support self-regulation and cognitive control (i.e., EF) which was adapted from
the High-Scope Perry Preschool Project’s (HSPPP’s) “plan-do-review” methodology
(Kable et al., 2015). FAR uses metacognitive questioning, scaffolded prompting, and
specific praise to teach children how to better regulate their attentional focus and men-
tal effort during learning while also helping them become more aware of their own
thinking and more reflective about their problem-solving strategies (Kable et al.,
2015). Other cognitive processes, such as WM and visual-spatial abilities, are sup-
ported by strategies such as using tangible manipulatives to help learners acquire men-
tal representations of mathematical concepts (e.g., numeracy, sorting, ordering), an
approach to improving math-related skills corroborated by the results of other inter-
vention studies (Hawes et al., 2017; Mix et al., 2020).

Previous research conducted in the US found that MILE led to immediate improve-
ments in both math skills and behavioral functioning in children with PAE (Kable
et al., 2007) which were maintained at 6-month follow-up (Coles et al., 2009). No
association between IQ and math improvement was found; however, younger children
were more likely to achieve treatment gains. Kable et al. (2015) further demonstrated
that MILE was effective for children with PAE when delivered by trained laypeople
(e.g., teachers, college students) in a community-based setting. More recently, in a
study replicating and extending the MILE program in Canada, MILE was again found
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to be effective at improving basic math skills among children with PAE (Kully-
Martens et al., 2018). In contrast to prior findings, older age and lower IQ (verbal and
overall) were associated with greater math improvements in this study.

Despite the positive outcomes of MILE, however, the potential for the intervention
to have a wider-reaching impact has thus far been constrained by the program’s indi-
vidual administration and out-of-school delivery. Moreover, because the teaching
practices involved in MILE support cognitive processes that can be impacted in other
neurodevelopmental disorders, it is likely that MILE would benefit children struggling
with math learning who do not have PAE, as well. Thus, a critical next step in MILE
research is to determine if the program is effective when delivered to small groups of
children with other neurodevelopmental difficulties in a school setting.

Study Objectives

The objectives of this study were threefold. The first objective was to examine the
unique contributions of EF (selective and sustained attention, initiation, cognitive
flexibility, and planning), WM (verbal and visual), and VMI (design copy) to math
abilities among children with neurodevelopmental difficulties. Although previous
research has independently demonstrated that math ability is related to these underly-
ing cognitive processes, there is little research examining their unique associations,
particularly among children with neurodevelopmental difficulties. The second objec-
tive of this study was to determine whether the MILE program led to math improve-
ment when modified and extended to be delivered more broadly to small groups of
children with neurodevelopmental difficulties in a school setting. Finally, the third
objective was to examine whether any participant characteristics, such as age or IQ,
were associated with math score changes following participation in the modified
MILE program as these findings were mixed in previous MILE studies.

Methods

Participants

Children were recruited (N=28; 5-8 years old) through a local school district (Table 1).
Students were eligible to participate in the study if they (a) had been diagnosed
with a neurodevelopmental difficulty that has impacted their learning, and/or (b) had
been identified by their kindergarten teacher as experiencing some or significant
difficulty in at least one of the following domains on the Early Years Evaluation—
Teacher Assessment (EYE-TA) developmental screening tool: Awareness of Self and
Environment; Social Skills and Approaches to Learning; and/or Cognitive Skills. The
EYE-TA is an informal assessment and observational tool used by educators to evalu-
ate children’s school readiness (The Learning Bar, 2019). The most commonly reported
neurodevelopmental difficulties of the sample included diagnoses of Attention-Deficit/
Hyperactivity Disorder (37.0%), Oppositional Defiant Disorder (18.5%), Learning
Disorder (11.1%), and Anxiety (7.4%). Other diagnoses reported included Adjustment
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Table 1. Full Sample Participant Demographic Information.

Full sample
Variable N=28
Age in years (M [range]) 6.3 (5.0-8.0)
Sex (n male [%]) 18 (64.3%)
WRIT General 1Q (M [SD]) 93.4 (10.7)
Annual household income >$50k (n [%]) 18 (69.2%)*
Neurodevelopmental difficulties (n [%])
Attention-deficit/hyperactivity disorder 10 (37.0%)°
Oppositional defiant disorder 5 (18.5%)°
Learning disorder 3(11.1%)°
Anxiety 2 (7.4%)°
Adjustment disorder | 3.7%)°
Autism spectrum disorder I 3.7%)°
Cerebral palsy I 3.7%)°
Depression | 3.7%)°
Fetal alcohol spectrum disorder I (3.7%)°
Speech delay I (3.7%)°
Classroom learning environment (n [%])
Behavioral and Learning Assistance 13 (46.4%)
Regular classroom 15 (53.6%)

Note. Household income data was not provided for two participants. Neurodevelopmental diagnoses
information was not provided for one participant.
iN=26.°N=27.

Disorder, Autism Spectrum Disorder, Cerebral Palsy, Depression, Fetal Alcohol
Spectrum Disorder, and Speech Delay (3.7% each).

For the MILE pilot analysis, 14 of the originally recruited 28 children completed the
intervention and were included. Attrition occurred because some students withdrew
(e.g., moved away or changed schools), and because some educators were either unex-
pectedly unable to administer the program (i.e., required a leave of absence) or elected
not to participate in the intervention after pre-testing. Of the 14 participants who com-
pleted the intervention, six children from two schools were assigned to an “immediate
intervention” group, and eight children from a third school were assigned to a “waitlist
control” group (Table 2). This quasi-experimental study design was chosen to allow for
the formation of an untreated comparison group while also ensuring all students were
able to receive the intervention regardless of initial treatment condition. To minimize
disruption to teachers and classrooms, all children participating from the same school
were allocated to the same treatment group. The immediate intervention group included
children from two schools, two thirds of whom were in a regular classroom and one
third of whom were in a Behavioral and Learning Assistance classroom. All children in
the waitlist control group were in a Behavioral and Learning Assistance classroom.
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Table 2. MILE Pilot Sample Participant Demographic Information.

Immediate Waitlist

Variable intervention n=6 control n=8
Age in years (M [range]) 7.2 (7.0-8.0) 6.8 (5.0-8.0)
Sex (n male [%]) 4 (66.7%) 4 (50.0%)
WRIT General 1Q (M [SD]) 90.0 (9.7) 99.1 (14.9)
Annual household income >$50k (n [%]) 4 (66.7%) 4 (57.1%)*
Presence of EYE-TA difficulties (yes [%])

Awareness of self/environment 2 (33.3%) 3 (42.9%)°

Cognitive skills 4 (66.7%) 5 (71.4%)

Social skills/approaches to learning 4 (66.7%) 7 (100.0%)*
Neurodevelopmental difficulties (n [%])

Attention-deficit/hyperactivity disorder I (16.7%) 6 (75.0%)

Oppositional defiant disorder 0 (0.0%) 4 (50.0%)

Learning disorder I (16.7%) 1 (12.5%)

Anxiety I (12.5%) 1 (12.5%)

Autism spectrum disorder I (16.7%) 0 (0.0%)

Fetal alcohol spectrum disorder 0 (0.0%) I (12.5%)
Classroom learning environment (n [%])

Behavioral and learning assistance 2 (33.3%) 8 (100.0%)

Regular classroom 4 (66.7%) 0 (0.0%)

Note. Household income and EYE-TA data was not available for one participant in the waitlist control group.
n=7.

Procedure

All participants completed measures of math and cognitive processes at baseline
(Time 1; ~1-2hours). Children (n=14) who participated in the MILE pilot then com-
pleted two additional testing sessions to examine changes in math scores over the
course of the intervention or waitlist control period. All testing took place in a quiet
room at the child’s school. Tests were administered by a graduate student or research
assistant (RA) who held a degree in psychology and who received training and super-
vision from a Registered Psychologist. Testing was sometimes spread across multiple
days to respect teacher and classroom schedules and accommodate students who had
difficulty completing the assessment in a single session. The study lasted just over
1 year; the immediate intervention group (two schools) completed all testing from
March to December 2016, and the waitlist control group (one school) completed all
testing from December 2016 to May 2017.

MILE Intervention

The intervention was administered to seven groups of two participants by an educator,
educational assistant (EA), or RA. Initially, the program was intended to be delivered
by school staff (educator or EA) only; however, a study RA agreed to administer the
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intervention to two groups of children when school staff were unable. All intervention-
ists received formal training in the MILE program at the University of Alberta over the
course of approximately 6 hours. Eleven educators/EAs and one RA completed this
training; six (including the RA) completed the intervention with their students.
Training was provided by study investigators, all of whom received training from
the original MILE program developers. Training included an overview of the study,
educational instruction, and videos outlining and explaining the key facets of the inter-
vention (e.g., the FAR methodology). Time was also allotted for attendees to familiar-
ize themselves with the materials, practice with fellow educators, and discuss any
questions they had with the trainers. Interventionists received a $25 gift card for their
participation in the study.

Intervention sessions took place for approximately 30—50 minutes twice a week
until each participant had completed 14 sessions. The average length of the interven-
tion was 7.7 weeks (SD=1.1) for the entire sample; the length of the intervention was
not significantly different between intervention groups, with a mean difference of only
0.3 weeks, p>.05.

For each intervention session, interventionists engaged in three steps: planning the
session, teaching the session, and reflecting on the session. Planning involved choos-
ing a goal or curriculum page to work on based on the child’s pre-test math scores and
the interventionist’s notes from the previous session. Teaching involved carrying out
the lesson plan they devised, and reflecting involved recording notes about the session
and the child’s progress on the skills taught or practiced.

Each individual intervention session was then carried out in three stages following
FAR methodology. Sessions began by co-creating the day’s schedule with participants
(Focus/Plan). This was done on a sheet of paper with blank spaces for (a) the day’s
goal(s) (“Today we will ), (b) three possible activities that would be used to
achieve these goal(s), and (c) two reminders pertinent to the participants or session.
Children were encouraged to contribute their ideas to this sheet, and although the
instructor created a lesson plan with the session’s objectives prior to beginning, chil-
dren were given as much choice as possible over how they would like to accomplish
these goals (e.g., by choosing the shape and color of manipulatives used). The children
then carried out activities aligned with the learning objectives (Act), such as using their
chosen manipulatives to sort or add, as the instructor supported them and facilitated
their engagement through questioning, praise, and prompting. Finally, at the end of the
session, children and instructors reviewed the plan they had created together and dis-
cussed what they had learned in the day’s session (Reflect).

Measures

Demographic questionnaire. All caregivers completed a questionnaire prior to begin-
ning the intervention which gathered demographic information such as the partici-
pant’s age, grade, sex, and pertinent medical and educational history. Family and
household factors such as annual income range, caregiver’s relationship to child, and
caregiver’s educational attainment were also obtained.
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Ability (IQ). The Wide Range Intelligence Test (WRIT) was administered at baseline to
obtain an estimate of participants’ intellectual abilities. The WRIT is a brief, standard-
ized test of cognitive functioning designed for use with individuals aged 4-85. The
WRIT consists of four subtests that contribute to the generation of two composite
scores (Verbal IQ and Visual IQ) and one overall score (General 1Q; Glutting et al.,
2000). WRIT scores are reported as standard composite scores (M= 100.0, SD=15.0).

Math. The KeyMath-3 Diagnostic Assessment, Canadian Edition (KeyMath-3 DA;
Connolly, 2008) includes 10 subtests that combine to create one Total score and three
composite scores: Basic Concepts (Numeration, Algebra, Geometry, Measurement,
Data Analysis and Probability), Operations (Mental Computation and Estimation,
Addition and Subtraction, Multiplication and Division), and Applications of Problem
Solving (Foundations of Problem Solving and Applied Problem Solving). Parallel
forms of the KeyMath-3 DA were used at consecutive time points to minimize practice
effects. Raw scores on the KeyMath-3 DA are converted into standard composite
scores (M=100.0, SD=15.0) and scaled subtest scores (M=10.0, SD=3.0).

Executive functioning and attention. Children completed two subtests from the NEPSY-
I (Korkman et al., 2007): Auditory Attention (measuring selective and sustained
attention) and Design Fluency (measuring initiation, cognitive flexibility, and plan-
ning). The Auditory Attention subtest requires children to listen to an audio recording
and point to the corresponding colors in the stimulus booklet. Design Fluency involves
drawing novel designs by connecting two or more dots in structured and unstructured
arrays. The NEPSY-II yields scaled scores (M=10.0, SD=3.0).

Working Memory. The Automated Working Memory Assessment (AWMA) is a com-
puter-based assessment used to measure verbal and visual-spatial WM (Alloway,
2007). The AWMA short form was administered as it is recommended for individuals
with suspected memory difficulties. The following four subtests were administered:
Digit Recall (verbal short-term memory), Listening Recall (verbal WM), Dot Matrix
(visual-spatial short-term memory) and Spatial Recall (visual-spatial WM). The
AWMA yields standard composite scores (M=100.0, SD=15.0).

Visual-motor integration. The Beery-Buktenica Developmental Test of Visual-Motor
Integration, 6th edition (Beery VMI) is an assessment used to evaluate the integration
of visual perception and motor abilities (Beery & Beery, 2010). The Beery VMI has 30
items designed for individuals of all ages and involves the copying of geometric forms
using paper and pencil. The test yields standard scores (M=100.0, SD=15.0).

Program fidelity. To ensure that the MILE program was being delivered as intended, a
15-point fidelity to intervention checklist (Kable et al., 2015) was completed by a
research assistant familiar with the program at two time points for each interventionist
over the course of the study. The interventionists were scored yes (2 points),
sometimes/partial (1 point) or no (0 points) on the presence of important MILE
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teaching methodology, such as “the instructor allowed the child to choose some aspect
of the math fun work,” as well as on logistical details, such as “the instructor’s materi-
als were readily available.” The fidelity scores ranged from 26 to 30 out of 30, with an
average score of 27.4 out of 30. Only three instances of no were recorded, each for
separate instructors. Two of these occurred because the interventionist did not co-cre-
ate the lesson plan with the children at the beginning of the session; in these cases, the
interventionists reported that they had made the day’s plan prior to the session and
reviewed it with the participants before beginning to preserve instructional time. The
third instance was scored when the instructor did not discuss breaks or behavioral
contracts with participants.

Data Analysis

Data was analyzed using IBM SPSS 25. Although it would not be unusual to detect
outliers in a small sample size of children with neurodevelopmental difficulties, the
Shapiro—Wilk test was first conducted on the most summative outcome variables of
interest at baseline (i.e., the KeyMath-3 DA Total composite, the two NEPSY-II sub-
tests, the four AWMA subtests, and the Beery VMI) and the WRIT General 1Q score
in order to estimate the distribution of the data. Other descriptive statistics were also
calculated to characterize the sample.

To address objective one, we compared performance on the measures of math, EF,
WM, and VMI to the normative means using one-sample t-tests to determine areas of
relative difficulty. Then, Pearson correlations were conducted to examine the associa-
tions between standardized baseline math scores and scores on measures of EF, WM,
and VMI. Finally, all predictive measures were added to a forward selection linear
regression to determine the unique associations of cognitive processes to math ability.

For objective two, we conducted independent sample t-tests to compare math score
changes from Time 1 to Time 2 between the immediate intervention and waitlist con-
trol groups. Then, after all participants had completed the intervention, the immediate
intervention and waitlist control groups were combined and paired sample t-tests were
used to compare math score changes from pre- to post-intervention for the entire sam-
ple. As in previous MILE studies, raw score performance was examined in these anal-
yses because it is more sensitive to change at the individual level over a short period
of time (Kully-Martens et al., 2018).

Next, Reliable Change Index (RCI) analyses were conducted to determine whether
the individual math scores of children who received MILE improved more than would
be expected due to factors such as practice effects and measurement error (Duff, 2012;
Jacobson & Truax, 1991). RCI is often used to test for individual-level changes in
small sample sizes. For this analysis, we used an extension of the original RCI formula
(Jacobson & Truax, 1991) proposed by Iverson (2001) which uses test-retest correla-
tions, means, and standard deviations to account for the effects of measurement error
and prior experience with the assessment materials on participant score changes. Six-
month follow-up data was also collected for those in the immediate intervention group;
however, as the number of participants available for testing was limited, formal



256 Canadian Journal of School Psychology 39(3)

analyses were not conducted on this data. Finally, for objective three, biserial and
point-biserial Pearson correlations were calculated between demographic variables,
such as age and 1Q, and raw math score changes at the composite level.

Missing values. Two participants in our sample did not provide information regarding
household income. A small amount of outcome data (e.g., NEPSY-II and KeyMath-3
DA scores) also was not obtainable for various reasons, including age/norming con-
straints and behavioral challenges during testing. Sample size and any missing data
details are noted below each table.

Results

Sample Characteristics

No outcome variable standard scores were found to depart significantly from normal-
ity in the full sample (ps > .05, N=28) except the KeyMath-3 DA Total composite
(p=.031), where visual analysis of the histogram indicated that a high number of
lower scores were found. However, as this intervention was aimed at children with
math difficulties, such skewness was expected. Tables 1 and 2 provide details about
participant characteristics for the full sample and by group (i.e., immediate interven-
tion and waitlist control). There were no significant differences between the interven-
tion and waitlist groups on age, sex, 1Q, or household income, ps >.05.

Associations Between Math Performance and EF, WM, and VMI Scores

Across the full sample at baseline, mean KeyMath-3 DA composite scores were all
significantly below the normative mean (ps <.01), with performance being the highest
on Operations and lowest on Applications (Table 3). Mean subtest scores were also all
significantly below the normative mean (ps <.01), with children scoring highest on
Addition/Subtraction and Geometry and lowest on Measurement and Applied Problem
Solving (Figure 1). The sample performed significantly below the normative mean
(ps <.01) on all subtests of NEPSY-II, AWMA, and Beery VMI, with the exception of
the AWMA Spatial Recall subtest (p=.31; Table 3), as well.

Table 4 outlines the correlations between cognitive measures and math scores.
Listening Recall (verbal WM), Spatial Recall (visual-spatial WM), and Design
Fluency were highly correlated with performance on all math composites, ps <.05;
Auditory Attention (EF) was correlated with the Basic Concepts and Total math com-
posites; and the Beery VMI was correlated with the Applications of Problem Solving
and Total math composites, ps <.05. We then conducted a linear regression analysis
using a forward selection method to examine the unigue contributions of the AWMA,
NEPSY-II Auditory Attention and Design Fluency subtests, and Beery VMI to the
Total math composite score. The model accounted for 54.7% of total math ability
R?>=.55, F(1, 23)=26.56, p < .01, with Listening Recall (verbal WM) being the only
significant predictor (¢=5.15, r=.74, p<.01).
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Table 3. Standard/Scaled Scores on Mathematics and Cognitive Measures for the Full
Sample at Baseline.

M (SD) % in clinically

Measure N=28 p significant range
KeyMath-3 DA

Basic concepts 78.6 (17.1) <.01%* 67.9

Operations 86.0 (14.2) <.01%* 50.0

Applications of problem solving 76.4 (15.2) <.01%* 64.3

Total 78.1 (16.0) <.01** 67.9
NEPSY-II

Auditory attention® 7.8 (3.7) <.01%* 54.2

Design fluency 7.9 (3.5) <.01%* 46.4
AWMA

Digit recall 93.5(13.8) <.01%* 357

Listening recall 90.2 (15.8) <.01%* 46.4

Dot matrix 87.2 (14.7) <.01** 42.9

Spatial recall 96.8 (16.3) 31 357

Beery VMI 89.6 (14.1) <.01** 42.9

Note. Clinically significant range refers to scores >1 SD below the measure’s normative mean. NEPSY-I|
Auditory Attention scores were not available for four participants.

AN=24.
*p<.0l.
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Figure |. KeyMath-3 DA subtest scores for the full sample at baseline.
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Table 4. Correlations Between KeyMath-3 DA Math Composite Standard Scores and
Cognitive Measures for the Full Sample at Baseline.

Applications of

Basic concepts Operations problem solving Total
Digit recall 29 .38* 42% .34
Listening recall 0%k 69FF .68F* T4FE
Dot matrix 42 A42% .36 AT*
Spatial recall Sk Al* 55k 52%k
Auditory attention .50% 40 .30 A8*
Design fluency S1FE A6* A40%* 52%*
Beery VMI .37 .29 .38% .39%

Note. All correlations include 28 participants except for NEPSY-II Auditory Attention (N=24).
*p<.05. ¥p<.0l.

MILE Intervention Effects

There were no significant differences between the immediate intervention group and
waitlist control group on any of the math composites at baseline, ps > .05. Following
the intervention, children in the immediate intervention group achieved significantly
greater raw score gains on the KeyMath-3 DA Total index (M=10.5, SD=4.1) than
the waitlist control group (M=3.3, SD=3.3), #10)=3.33, p=0.008, but not on other
composites, ps >.05. When all children who received the intervention were included
in analyses (i.e., those who received the intervention immediately and those
who received it following the waitlist control period), statistically significant raw
score growth was found to have occurred on more than half of the KeyMath-3 DA
subtests and composites (Basic Concepts, Algebra, Measurement, Data Analysis and
Probability, Applications of Problem Solving, Foundations of Problem Solving,
Applied Problem Solving, and the Total index; Table 5).

At the individual level, 12 out of 14 (85.7%) of participants were found to have
demonstrated reliable change on at least one KeyMath-3 DA composite or subtest
(using a .70 CI). Additionally, 8 out of 14 participants (57.1%) showed reliable improve-
ment in two or more areas, 6 out of 14 participants (42.9%) showed reliable improve-
ment in three or more areas, and one participant (7.1%) showed reliable change in four
content areas. Because only five participants in the immediate intervention group were
available for the 6-month follow up, we did not conduct any statistical analyses due
to limited power. However, mean scores on the Total composite were comparable at
post-intervention (M=71.4) and 6-month follow up (M=72.6).

Associations Between Participant Characteristics and MILE
Intervention Effects

Younger age was associated with more math gains on the Basic Concepts composite,
r(11)=-.76, p<.01. Additionally, higher scores on the Verbal 1Q composite were
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Table 5. Raw Score Changes Pre- and Post-Intervention for All MILE Participants.

M (SD)
Effect
KeyMath-3 DA content area Pre Post Change b size
Basic concepts 42.5(19.3) 51.3(209) 88 (6.8) .00 1#* 1.28
Numeration 10.9 (6.4) 1.4 (4.8) 0.5 (4.4) .680 0.11
Algebra 5.6 (3.8) 7.5 (3.8) 1.9 (2.5) 0l6* 0.74
Geometry 11.6 (3.9) 12.6 (4.8) I.1(2.7) .158 0.40
Measurement 5.8 (3.5) 8.5 (5.2) 2.8 (2.9) .004+* 0.97
Data analysis/probability 7.5(3.9) 10.00 (4.6) 2.5(1.8) <.00I* .44
Operations 112 (3.3) 132 (6.2) 2.0 (4.5) .I55 0.44
Mental computation/estimation 4.8 (1.5) 6.4 (4.0 1.5 (3.4) 129 0.45
Addition/subtraction 6.8 (2.5) 7.5(2.7) 0.7 (2.0 239 0.34
Applications of problem solving 11.5(5.3) 15.8 (6.3) 42 (2.3) <.001*F= 183
Foundations of problem solving 5.7 (2.4) 74 (2.4) 1.7 (1.3) .00 #* 1.29
Applied problem solving 5.8 (3.4) 84 (4.3) 25 (24) .003#* 1.04
Total 61.4(22.8) 763 (29.1) 149 (94) <.001*  |].58

Note. Effect size calculated using Cohen’s d=t/V/N. All n=12-14.
*p<<0.05. **p < 0.01. ***p < 0.001.

associated with more gains on the Applied Problem Solving composite, 7(11)=.65,
p <.05, and higher scores on the Visual 1Q and General IQ composites were associ-
ated with more gains on the Total index, 7(10)=.63, p<.05 and #(10)=.61, p <.05,
respectively. No other correlations between participant characteristics and math score
changes were significant.

Discussion

The objectives of this study were: (a) to examine the unique contributions of underly-
ing cognitive abilities (EF, WM, and VMI) to math performance among children with
neurodevelopmental difficulties; (b) to examine whether a pilot math intervention
(MILE) that targets these underlying abilities was effective when administered to
small groups of children with neurodevelopmental difficulties in a school setting; and
(c) to examine whether any participant characteristics were correlated with post-inter-
vention math score changes. Such information is important to better understanding the
factors that contribute to math challenges for children with neurodevelopmental diffi-
culties, and to understanding how to best support and remediate these challenges in an
effective manner.

Our sample of young children with neurodevelopmental difficulties demonstrated
low math achievement overall, displaying mean baseline scores that were signifi-
cantly below the norm on all math composites and subtests. Study participants scored
highest on math operations subtests (addition and subtraction) and lowest on math
problem solving and measurement subtests, which is typical among children with
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math difficulties (Swanson & Beebe-Frankenberger, 2004). Aside from participants’
performance on a spatial recall task, mean EF, WM, and VMI scores were also below
the norm in our sample. Measures of EF, WM, and VMI were found to be highly cor-
related with math ability in this study. However, in the regression analysis, verbal
WM was the only unique predictor of math ability. This finding is supported by previ-
ous research indicating that the role of verbal WM in math achievement tends to
increase over time relative to visual-spatial WM (Van de Weijer-Bergsma et al.,
2015). Given these associations, this study suggests that interventions that target EF,
WM (particularly verbal WM), and VMI may be particularly beneficial for children
with math learning difficulties.

Children who received the MILE intervention showed greater math improvement
than those in a waitlist control group. Significant math gains were also observed at
the group level in several domains, and at the individual level, 85.7% of participants
were found to have demonstrated improvements in at least one math content area
(using RCI) that were greater than what would be expected based on other factors,
such as practice effects or measurement error, alone. Taken together, these findings
provide promising evidence that MILE remains effective when modified and extended
to increase accessibility to the program.

Determining for whom programs are most effective is important when developing
and implementing academic interventions. Previous MILE studies have reported
mixed findings about the relationship between participant characteristics and changes
in math scores following completion of the MILE program. For example, Coles et al.
(2009) reported that younger age was associated with greater math gains, while Kully-
Martens et al. (2018) found that older age was associated with greater gains. We found
that younger age was associated with greater improvements on the Basic Concepts
composite. This finding may reflect that younger children are less likely than their
older peers to have mastered the foundational abilities captured by this index, suggest-
ing that they may have had more “room to grow” in this area and may have spent more
time building the skills measured by this composite throughout the course of the inter-
vention. In addition, we found that children with higher baseline Verbal 1Q scores
improved more on the Applications of Problem Solving composite, and children with
higher Visual and General 1Q scores improved more on the Total math index, indicat-
ing that children with stronger baseline cognitive abilities achieved greater math gains.
Although Coles et al. (2009) did not find any significant associations between IQ and
math improvements in their study, Kully-Martens et al. (2018) found that children
with lower verbal and general IQ scores achieved greater math gains. Thus, further
research with larger samples sizes is needed to clarify the associations between age,
1Q, and math improvements.

Limitations

Sample size is the most notable limitation of this study because it restricted statistical
power. Additionally, for a variety of scheduling reasons, participants in the waitlist
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control group and immediate intervention groups did not receive their interventions at
the same time of year. This makes direct comparisons somewhat less straightforward
than if the programs had been run at the exact same time, though the impact of this
difference should be minimized by the individualized nature of the intervention ses-
sions; the use of standardized, age-normed testing materials in many analyses; and the
examination of individual-level changes using RCI. Disruptions related to behavioral
challenges may have also impacted the testing (and learning) process for some partici-
pants, and it is possible that teacher- or classroom-specific effects may have had an
impact on intervention outcomes. However, random assignment to different groups
was not logistically feasible for this study, and the sample size did not allow for com-
parisons between such groups. Accordingly, these differences were considered and
controlled for as much as possible by using standardized interventionist training and
fidelity monitoring. Finally, we had a relatively high attrition rate because only 14 of
the 28 originally recruited children completed the intervention. Reasons for this high
attrition rate included both student factors (e.g., student moved schools) and teacher
factors (e.g., teacher was unable to administer the program during the study time-
frame). Thus, our final intervention sample may not be generalizable to the entire
school population.

Relevance to the Practice of School Psychology

Improving mathematics in young children with neurodevelopmental difficulties who
are struggling with math learning is of critical importance to their short- and long-term
educational outcomes. Effective early intervention is particularly imperative given the
cumulative nature of math education and the association between early math abilities
and later math performance. As such, the results of this study have significant educa-
tional implications for children with neurodevelopmental difficulties and the profes-
sionals working with them. Many promising and efficacious interventions do not have
the intended impact due to barriers translating research to practice (Hicks et al., 2014).
Fortunately, school psychologists are well-positioned to facilitate the implementation
of MILE given their training and their role in identifying students who have neurode-
velopmental difficulties. For example, because they would be aware of the students
who may be well-suited for this intervention, they could take steps to advocating for
its incorporation into individualized education plans. Moreover, because school psy-
chologists possess in-depth knowledge of the cognitive processes relevant to this inter-
vention, they would be uniquely situated to explain the influence of these processes on
math learning to teachers, which should contribute to implementing this intervention
with even greater fidelity. Further work is now needed to determine how to best train
educators on the MILE program and support their use of MILE in the classroom.
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