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Abstract

Some elementary students may exhibit challenging externalizing or internalizing behaviors in addition to difficulty with
mathematics. In this study, we explored the behavioral patterns of 44| third-grade students with and without mathematics
difficulty (MD). Compared with students without MD, students with MD demonstrated higher rates of externalizing and
internalizing behaviors. We then randomly assigned 162 third-grade students with MD to receive a |10-week word-problem
intervention or to be in a business-as-usual comparison group. Within the word-problem intervention, students with MD
who exhibited higher occurrences of externalizing behaviors performed significantly lower on a word-problem measure
than students without as many occurrences of externalizing behaviors. Response to the word-problem intervention did

not differ based on internalizing behavior patterns.
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Students with challenging behaviors experience difficulty
in all core academic subjects, but research has uncovered
persistent difficulties with spelling and mathematics (Reid
et al., 2004). Between 42% and 93% of students with chal-
lenging behaviors (e.g., emotional or behavioral disorders)
also exhibit a mathematics difficulty (MD) and demonstrate
mathematics performance 1-2 years below expected grade
level (Epstein et al., 2005). For students with MD comorbid
with challenging behaviors, interventions addressing both
mathematics and behavior may be necessary.

Students With MD

Although not all students with disabilities have difficulty
with mathematics, many of them do. Students with dis-
abilities display uneven patterns of MD, ranging from 22%
for students with speech impairments to 84% for students
with intellectual disabilities (Blackorby et al., 2004).
Approximately 5%—-8% of school-age students have a
mathematics learning disability with significant deficits
requiring specially designed instruction (Devine et al.,
2018; Geary, 2004). In the literature, these students may be
referred to as experiencing a mathematics learning disabil-
ity or dyscalculia (Skagerlund & Triff, 2016). Beyond a
mathematics learning disability, approximately 25%—-35%
of school-age students persistently struggle with mathemat-
ics (Mazzocco, 2007). For the purposes of this article, we

focus on students with persistent difficulty in mathematics
and intentionally refer to this diverse group of learners as
students with or at-risk for MD, which is common practice
in special education (e.g., Jitendra et al., 2013). As such,
our term may encompass students with mathematics dis-
ability, dyscalculia, or MD.

In this article, we focus on word-problem solving.
Students with MD require explicit word-problem instruc-
tion because they demonstrate lower word-problem perfor-
mance than students without MD (Fuchs et al., 2014). There
are several approaches for teaching students with MD to
solve word-problems. For example, teachers may use draw-
ings and graphic organizers (van Garderen, 2007), meta-
cognitive strategies (Rosenzweig et al., 2011), or provide
schema instruction (Fuchs et al., 2008; Jitendra et al., 2009).
Of these, schema instruction has the widest research base
for improving the word-problem solving of students with
MD (e.g., Fuchs et al., 2010; Jitendra et al., 2017; Powell
et al., 2015; Xin et al., 2005). With schema instruction,
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students learn to recognize a word-problem as belonging to
a specific schema and then employ strategies to solve the
problem by schema.

Students With Challenging Behaviors

Students with or at-risk for challenging behaviors represent a
group of students who may also experience difficulty in math-
ematics, especially word-problem solving, despite the use of
evidence-based practices (Mulcahy & Krezmien, 2009). Not
only do students with challenging behaviors demonstrate sim-
ilar academic patterns to students with MD, they also exhibit
unique and challenging behaviors. These challenging behav-
iors may hinder students’ abilities to benefit from established
mathematics interventions (Lane et al., 2008).

Researchers suggest that more than 30% of school-age
students will experience a mental health difficulty during
their educational career (i.c., anxiety, depression, or trauma;
Forness et al.,, 2012). Approximately 5%-13% of the
school-age population, however, will experience sustained
emotional or behavioral difficulties that have long-term
implications (Maggin et al., 2016). In this article, we use the
term “challenging behaviors” to describe any student with
an emotional, behavioral, or psychiatric disorder listed in
the American Psychiatric Association (2013) diagnostic
manual. Our term “challenging behaviors” may include stu-
dents with a diagnosed disability (e.g., emotional distur-
bance [ED]) or students who display at-risk behaviors.

MD and Challenging Behaviors

Several research reviews have synthesized effective aca-
demic interventions for students with challenging behaviors
(e.g., Hodge et al., 2006; Lane, 2004; Losinski et al., 2019;
Mooney et al., 2003; Mulcahy et al., 2016; Ralston et al.,
2014; Ryan et al., 2008; Templeton et al., 2008). In general,
these reviews identified several academic interventions that
included components of self-determination. For example,
researchers studied components of self-regulation, self-
monitoring, or self-evaluation and used academic skills as a
primary or secondary outcome. Results demonstrated
improved academic outcomes with interventions embedded
with self-determination components.

Specific to mathematics, students with challenging behav-
iors have difficulty in word-problem solving (Bullis &
Yovanoff, 2006). For example, Alter et al. (2011) examined a
word-problem intervention with students in Grades 1 through
4 experiencing emotional or behavioral disorders. Results
indicated all students increased the percentage of word-prob-
lems solved; however, none of the participants solved more
than 50% of word-problems correctly after receiving inter-
vention. Alter (2012) examined an eight-step checklist for
solving word-problems with four students with challenging
behaviors in Grades 4 and 5. Alter (2012) learned that all stu-
dents improved their word-problem accuracy, and 75% of the

students increased their rates of on-task behavior. Similarly,
Peltier and Vannest (2016) investigated the effects of schema
instruction on the word-problem performance of two Grade
4 students with challenging behaviors. The authors reported
both students improved in word-problem accuracy from
baseline. This collection of studies demonstrates the impor-
tance of providing word-problem intervention to students
with challenging behaviors.

Purpose and Research Questions

Although researchers have conducted studies with students
with challenging behaviors in the area of mathematics, little
is known about the impact of student behavior on the effi-
cacy of a word-problem intervention for students with MD
comorbid with challenging behaviors. The purposes of the
current study were to examine the behavioral patterns of
students with and without MD and to investigate the effi-
cacy of a word-problem intervention for students with MD
with and without challenging behaviors. We asked the fol-
lowing research questions:

e Research Question 1: Are there differences in the
behavioral patterns (i.e., externalizing behaviors or
internalizing behaviors) of students with and without
MD?

o Research Question 2: What is the efficacy of a word-
problem intervention for improving the word-problem
performance of third-grade students with MD?

e Research Question 3: For students with MD, is
response to the word-problem intervention influ-
enced by behavioral patterns? That is, do students
who exhibit high rates of externalizing or internaliz-
ing behaviors respond differently to the word-prob-
lem intervention?

The present study occurred in the third year of a multi-
year randomized control trial investigating the impact of a
word-problem intervention with and without pre-algebraic
reasoning instruction. We use the term “present study” for
the study that occurred during the 2017-2018 school year,
and we only provide results for the present study. We use
the term “parent study” for the multi-year study, but we do
not provide results from the parent study.

Method

Participants

Table 1 displays the demographics of the students with MD
(n = 132) and without MD (rn = 309) with behavioral data.
Table 2 shows the demographics of students with MD with
behavioral data in the word-problem intervention (n = 74)
and business-as-usual control (z = 50). Chi-square analy-
ses between the intervention and control groups yielded no
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Table |. Demographics and Descriptives by MD Status.

Students without MD (n = 309)

Students with MD (n = 132)

Demographic/descriptive n % n %
Demographics
Female 143 46.3 77 58.3
Race or ethnicity
African American 33 10.7 20 15.2
Asian 8 2.6 3 23
Caucasian 83 26.9 5 3.8
Hispanic/Latinx 170 55.0 93 70.5
Other 15 4.9 I 83
Dual-language learner status 131 424 79 59.8
Special education status 25 8.1 19 14.4
M SD M SD
Challenging behaviors
Externalizing 2.01 3.18 3.73 343
Internalizing 0.84 1.48 1.77 2.25

Note. MD = mathematics difficulty.

significant differences in sex (y? = 0.038, p = .846), race
or ethnicity (x> = 1.070, p = .899), dual-language learner
status (x> = 0.593, p = .441), or special education status
(x* = 1.595, p = .207).

Recruitment

In the present study, we recruited teachers from 13 elementary
schools in one urban southwestern U.S. school district. School
enrollment ranged from 378 to 502 students with 71%-94%
of students reported as economically disadvantaged. Overall,
all recruited teachers consented to participate (100%) for a
total of 39 Grade 3 general education teachers. We screened
819 Grade 3 students from the classrooms of participating
teachers. Of these 819 students, we received caregiver con-
sent and student assent for 615 (75.1%) students, and teachers
(n = 36) provided behavioral data on 441 (71.7%) of the con-
sented students. Only 29 teachers provided behavioral data
for every consented student in their classroom. Another
seven teachers provided behavioral data but only for the stu-
dents with MD (see next paragraph) in their classroom, and
three teachers provided no behavioral data for any student
in their classroom. We analyzed the behavioral data of the
441 students to investigate our first research question.

For our second and third research questions, we focused
on students experiencing MD. Students with MD had to
perform below the 13th percentile on a test of single-digit
word-problems (Jordan & Hanich, 2000). The 13th percen-
tile cut-off was determined based on grade-level scores
from the first year of the parent study (Powell et al., 2020).
We identified 230 students eligible for the present student
and categorized those students as experiencing an MD. Of

the 230 students with MD, we disqualified 68 for the fol-
lowing reasons: limited English language (n = 24), parent
or student opted out of participation (n = 12), behavioral
issues during pretesting such that tutoring would not have
been possible (n = 9), too many students qualified in the
same class for our research design (n = 7), student received
special education services which already required frequent
removal from core classroom instruction (n = 6), did not
complete full pretesting battery (n = 5), student moved
schools (n = 4), or severe disability (n = 1).

We randomized, blocking by classroom and school, 162
students with MD into one of two word-problem interven-
tion groups (e.g., word-problem intervention or word-prob-
lem plus pre-algebraic reasoning intervention) or a
business-as-usual control. We began with 98 students in the
word-problem intervention and 64 students in the control
group. We conducted two versions of the word-problem
intervention but the content was nearly identical in terms of
word-problems and intervention components; therefore, we
treated the two versions as one word-problem intervention.
At posttesting, 151 (93%) students with MD remained. Of
the 11 students who left the study, nine students moved
schools, one student went into protective custody, and one
was suspended from school for 30 days. Overall attrition
was calculated at 7%, while differential attrition was 6%.

Measures

Screening measure. We used single-digit word-problems
(Jordan & Hanich, 2000) as the screener to identify students
with MD. Students solved 14 one-step addition or subtrac-
tion word-problems. Students received one point for each
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Table 2. Demographics and Descriptives of Intervention Participants With Behavioral Data.
Word-problem intervention Business-as-usual control
(n=174) (n = 50)
Demographic/descriptive n % n %
Demographics
Female 45 60.8 29 58.0
Race or ethnicity
African American 12 16.2 6 12.0
Asian | 1.4 | 2.0
Caucasian 3 4.1 | 2.0
Hispanic/Latinx 52 70.3 38 76.0
Other 6 8.1 4 8.0
Dual-language learner status 42 56.8 32 64.0
Special education status 13 17.6 5 10.0
M SD M SD
Challenging behaviors
Externalizing 3.57 331 3.80 3.55
Internalizing 1.85 2.25 1.58 231
Mathematics measures
Pretest single-digit word-problems 4.8 1.63 4.98 1.76
Posttest single-digit word-problems 7.95 3.09 7.36 298
Pretest double-digit word-problems 222 1.6l 2.02 1.57
Posttest double-digit word-problems 5.49 3.67 2.44 2.46
Pretest open equations 5.09 3.54 532 3.58
Posttest open equations 10.74 591 8.98 6.07

correct mathematics answer for a maximum score of 14
(o = .72).

Behavior measure. We administered the Student Risk
Screening Scale—Internalizing Externalizing (SRSS-IE;
Drummond, 1994; Lane, Menzies, et al., 2012; Lane, Oakes,
et al., 2012) at the beginning of the present study. The
SRSS-IE is a brief screening tool used to assess students’
at-risk levels for externalizing and internalizing behaviors.
The SRSS-IE included 12 items and required approximately
15 min for teachers to rate all students in their classroom.
Teachers scored items on a 0- to 3-point scale, where 0 indi-
cated never and a score of 3 indicated frequently. Subse-
quently, higher scores represented greater risk for
externalizing or internalizing behaviors. Many studies have
been conducted examining the reliability and validity of the
SRSS. Researchers have found high internal consistency
(oo = .81-.82), and the measure has been validated with
elementary students (Lane, Oakes, et al., 2012; Menzies &
Lane, 2012), students in urban elementary schools (Ennis
et al., 2012; Oakes et al., 2010), and with students who are
dual-language learners (Lane et al., 2014).

In addition to the SRSS-IE, classroom teachers com-
pleted a survey about the extent of supports students were
provided for behavior. Specifically, teachers identified

students with MD who received (a) individualized education
program (IEP) services under the classification of ED, (b)
behavioral supports through a 504 plan, or (c) behavioral
intervention through multi-tiered system of supports
(MTSS). Of the students with MD, teachers reported that
three students (2%) had IEPs for ED and received specially
designed instruction for behavior, two students (1%)
received behavioral support through a 504 plan, and nine
students (6%) received behavioral support through an MTSS
framework. Students receiving behavioral support were
equally distributed between the word-problem intervention
and control groups.

Pretest measures. The pretesting battery consisted of three
assessments: single-digit word-problems (administered
before pretesting to determine MD eligibility but consid-
ered a pretest because it was administered before interven-
tion), abbreviated double-digit word-problems, and open
equations. Each examiner followed a pretesting protocol
and was expected to read the protocol verbatim.

On the abbreviated version of double-digit word-prob-
lems (Powell & Berry, 2015), students solved double-digit
addition and subtraction word-problems consisting of three
total problems, three difference problems, and one change
problem. Tutors read word-problems aloud and provided
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time for students to solve the problem. Upon student
request, each problem could be read an additional time.
Students received one point for each correct mathematics
answer and each correct label for a maximum score of 14
(o = .83).

The open equations test (Powell, 2007) required students
to solve 30 standard (e.g., 4 + = 5) and nonstandard
(e.g.,4 +3 = __ + 2)equations within 6 min. Tutors read
the directions to the students and allowed the students to
work. Students received one point for each correct answer
for a maximum score of 30 (o0 = .88).

Posttest measures. At the conclusion of Lesson 30 of the
word-problem intervention (i.c., after completion of Units
1-3), the tutors administered a posttest to all students. We
tested intervention students alongside business-as-usual
students. Posttesting sessions mirrored the conditions in
pretesting, in that the same protocol from pretesting was
re-administered.

Procedures

Intervention. The word-problem intervention was an
updated version of a schema-based intervention (Fuchs
et al., 2014). As a note, the parent study evaluated the
effects of 48 lessons in which students learned three sche-
mas: total, difference, and change. The present word-prob-
lem intervention study featured only two schemas (e.g.,
total and difference) and included 30 one-on-one lessons
implemented 3 times a week with each session lasting about
30 min. The intervention occurred during the school day at
a time agreed upon with the teacher and the tutor. Tutors
administered lessons using a provided lesson guide. Each
lesson consisted of five activities, described in subsequent
paragraphs.

Schemas. In the present study, we evaluated the use of
two schemas within a word-problem intervention: total and
difference. In total problems, students have parts that are
put together for a total. The missing information from the
word-problem (i.e., “X”) could be the total or one of the
parts. After students identified word-problems as fitting
into the total schema, students used a total equation to orga-
nize word-problem information (i.e., P1 + P2 = T; where
Pis a part and T is the total). After an introductory unit, stu-
dents started learning about total problems on Day 5 of the
intervention. We introduced difference problems on Day 17
of the word-problem intervention. In difference problems,
students learned to compare an amount that is greater and
an amount that is less to find the difference. The missing
information (i.e., “X”) for difference problems could have
been the amount that is greater, the amount that is less, or
the difference. To successfully identify the greater amount,
the lesser amount, and the difference, tutors taught students
to locate a “compare sentence.” This compare sentence

featured a comparison. To organize the information from
difference problems, students used the equation G — L= D,
where G was the greater amount, L was the lesser amount,
and D was the difference.

Intervention components. Tutors started each word-prob-
lem intervention session with a fluency-building activity in
which students solved addition and subtraction flashcards
(i.e., addends 0-9 or minuends of 0—19 and subtrahends
from 0 to 9). With the flashcards, the student completed two
separate 1-min trials. The tutor also provided immediate,
corrective feedback to the student by reviewing counting-
up strategies for any noted errors. At the end of the sec-
ond 1-min timing, the tutor and student graphed the highest
score. The total time on this activity was approximately 3
min with student graphing.

The second activity each day was either pre-algebraic
reasoning instruction or a non-word-problem mathematics
review on perimeter, area, fractions, money, order of opera-
tions, or telling time. We randomly assigned one-half of stu-
dents in the word-problem intervention to receive
pre-algebraic reasoning instruction while the other half
received the mathematics review. Each activity lasted
approximately 2—3 min. The different activities were part of
the research focus of the parent study but did not lead to
performance differences within the present study after
implementation of 30 lessons.

The third activity consisted of tutor-led explicit instruc-
tion on solving word-problems for approximately 15-18
min. Days 1 through 4 consisted of a review of addition and
subtraction skills using counting strategies, learning how to
label and interpret data presented on charts and graphs, and
learning a specific attack strategy called RUN. To RUN, the
student learned to Read the problem, Underline the label
and cross out irrelevant information, and Name the problem
type (i.c., choose the correct schema to use) by asking ques-
tions about the problem.

On Days 5 through 16, the tutor taught about solving
total word-problems in which parts are put together for a
total. The missing information from the word-problem (i.c.,
“X”) could be the total or one of the parts. Tutors introduced
difference problems (i.e., greater and lesser amounts com-
pared for a difference) on Day 17 and practiced a combina-
tion of total and difference problems through Day 30. The
missing information (i.e., “X”) for difference problems
could have been the amount that is greater, the amount that
is less, or the difference.

The fourth activity for each lesson was a schema sorting
I-min timed activity that allowed the students to practice
identifying word-problem schemas (i.e., total or differ-
ence). This activity lasted approximately 2 min with feed-
back from the tutor. The final activity for each lesson was a
brief, timed review of the lesson contents. The student had
1 min to answer up to nine single and double-digit addition
or subtraction problems or write appropriate equations for
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the two word-problem schemas. Then, the student had 2
min to complete a word-problem independently using the
appropriate schema steps. After 2 min, the student received
feedback from the tutor, which reinforced content mastery.
In total, this final activity lasted 4 min.

The word-problem intervention incorporated a standard-
ized token-based reward system. At the beginning of each
lesson, the tutor reviewed the intervention rules (i.e., follow
directions, stay seated, use a quiet voice, and be respectful)
with the student. When students followed the rules, they
received gold coins throughout the lesson. Typically, stu-
dents earned between three and six coins per lesson. At the
end of the lesson, students recorded the number of coins
they received by coloring on their treasure map. They
received a prize when they reached the treasure box on the
map. Students typically earned one treasure chest prize per
week.

Tutors. Overall, we hired and trained 14 graduate research
assistants to conduct all screening, pretesting, tutoring, and
posttesting. Each tutor had or was seeking a master’s or
doctoral degree in an education-related field. Tutors
received approximately 20 hr of training, completed prac-
tice sessions, and completed a reliability check with a proj-
ect manager before implementing any testing or tutoring in
schools.

Intervention fidelity. Fidelity was collected throughout the
intervention in two ways: direct observation and digital
audio recording. The project manager conducted direct
observation fidelity checks on 30% of tutoring sessions
using a fidelity checklist that corresponded with each lesson
(i.e., 30 different fidelity checklists). Intervention fidelity
was considered acceptable at 90%. When fidelity was
assessed below 90%, subsequent direct observations
occurred until 90% was achieved. The overall fidelity of
direct observations ranged between 79% and 100% with an
average of 97.08%. Fidelity was also evaluated through
audio recordings. Overall, we measured fidelity for 20% of
the remaining lessons (i.e., lessons not directly observed)
using the same checklist as the direct observation. The total
fidelity for audio recordings was 98.5%.

Data Analysis

To investigate our first research question about differences
in the behavioral patterns of students with and without MD,
we used student externalizing and internalizing scores to
compare the behavioral patterns of students with and with-
out MD. We collected complete behavioral data from 441
students, and we conducted a one-way analysis of variance
(ANOVA) for each type of behavior (i.e., externalizing and
internalizing) comparing students with MD to students
without MD.

For our second research question, we analyzed the data
of 124 students with MD who (a) completed posttesting,
(b) had complete demographic data, and (c) had complete
behavioral data. To evaluate the efficacy of the word-
problem intervention for students with MD, we calculated
gain scores from pretest to posttest for each outcome
measure and used ANOVAs to identify any significant
differences between conditions (i.e., word-problem inter-
vention versus business-as-usual control). For our third
research question about response to the word-problem
intervention based on behavioral patterns, we analyzed
the data of 74 students with complete data who partici-
pated in the word-problem intervention. We used
ANOVAs to identify significant differences between stu-
dents with low and high risk for challenging behaviors,
and we utilized regression models to determine if higher
externalizing or internalizing scores predicted double-
digit word-problem gain scores.

For all analyses, we used a significance threshold of
p < .05 for interpretation of results. We calculated effect
sizes (ES) using Hedges’ g by subtracting mean values and
dividing by the pooled standard deviation, as outlined by
the What Works Clearinghouse, Institute of Education
Sciences, U.S. Department of Education (2017).

Results

In this study, we examined the behavioral patterns of stu-
dents with and without MD. Then, we investigated the effi-
cacy of a word-problem intervention for students with MD
with and without challenging behaviors. The following are
the results of the present study.

Behavioral Patterns

With our first research question, we asked whether students
with MD demonstrated a higher rate of occurrences of
externalizing or internalizing behaviors compared with stu-
dents without MD using the SRSS-IE. We collected 441
student behavioral patterns (i.e., 309 students without MD
and 132 students with MD). Several teachers failed to return
completed SRSS-IE rating scales for students with demo-
graphic data; therefore, we only analyzed the data of stu-
dents with complete demographic information and complete
behavioral patterns (see Table 1). According to the SRSS-IE,
higher scores are consistent with higher risk status for chal-
lenging behaviors.

Results indicated significant differences in behaviors
between students with and without MD. Students with
MD demonstrated higher occurrences of externalizing
behaviors, F(1, 439) = 25.71, p < .001 (ES = .53).
Students with MD also demonstrated higher occurrences
of internalizing behaviors, F(1, 439) = 26.08, p < .001
(ES = .53).
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Efficacy of Word-Problem Intervention

We collected complete posttest data, behavioral data, and
demographic data for 124 students with MD (see Table 2).
Related to our categorization of MD, we note that, of the 18
students with a school-diagnosed disability, only nine of
these students had a learning disability. This result shows
the low rate of learning disability diagnosis by third grade.
Because the majority of students classified as dual-language
learners, we calculated the average Texas English Language
Proficiency Assessment System (TELPAS) ratings for the
word-problem intervention and control conditions. Based
on recommendations from the TELPAS (i.e., | = begin-
ning, 2 = intermediate, 3 = advanced, 4 = advanced high),
the average score for the 42 dual-language learners in the
word-problem intervention was a 2.04 (SD = 0.66), and the
average score for dual-language learners in the control
group (n = 32) was 1.71 (SD = 0.68).

We conducted a preliminary analysis to ensure assump-
tions for ANOVA were not violated (i.e., inspecting the
data for abnormalities, ensure normality of distribution in
the dependent variable, and to determine homogeneity of
variances), and we determined no assumptions for ANOVA
were violated. We detected no abnormalities in the data
with the dependent variables normally distributed. We also
conducted a test of homogeneity of variances to ensure that
all groups had the same variance within the data. This
assumption of ANOVA was not violated either. For single-
digit word-problems, double-digit word-problems, and
open equations, we did not identify significant differences
in means at pretest. In addition, we calculated adjusted
posttest means and these were not statistically different
from unadjusted posttest means. Therefore, we used unad-
justed posttest means in subsequent analyses for ease of
interpretation.

At posttest, we noted no significance differences between
the word-problem and control conditions on the single-digit
word-problems, F(1,122) = 1.10, p = .296 (ES = .19) or
open equations, F(1, 122) = 2.60, p = .109 (ES = .29).
Although insignificant, we identified ESs favoring students
in the word-problem intervention on both single-digit word-
problems and open equations. We identified a statistically
significant difference between conditions on double-digit
word-problems, F(1, 122) = 26.46, p < .001, with an ES of
.94 favoring students in the word-problem intervention.
That is, students who participated in the word-problem
intervention demonstrated significant improvement on a
test of double-digit word-problems over students who did
not receive the word-problem intervention.

Influence of Challenging Behavior

We compared the double-digit word-problems performance
of the 74 students with MD who participated in the

word-problem intervention. Before conducting the analysis,
we coded whether students were considered at high-risk for
externalizing or internalizing behaviors. The SRSS-IE con-
siders a student at high-risk for externalizing behaviors at
the elementary level if a student scored nine or above on the
externalizing items (e.g., steal, lie, and cheat) and high-risk
for internalizing behaviors (e.g., shy, depressed, and anx-
ious) if a student scored four or above.

We identified 69 students considered at low risk for
externalizing behaviors and five students considered at high
risk for externalizing behaviors. On double-digit word-
problems, the average score for low-risk students was 5.77
(SD = 3.60) and the average score for high-risk students
was 1.60 (SD = 2.07). Using an ANOVA, we noted a sig-
nificant difference between low-risk and high-risk students,
F(1,72) = 6.483, p = .013, with an ES of 1.17 favoring
low-risk students. Results of a regression model, with dou-
ble-digit word-problems posttest score as the outcome
and externalizing behavior score (continuous) as the inde-
pendent variable determined that, as externalizing scores
increased by one point, students performed 2.98 points
lower on double-digit word-problems, F(1, 72) = 8.343,
p = .005.

We conducted similar analyses for internalizing behav-
iors. We identified 60 students at low risk for internalizing
behaviors and 14 students at high risk. Low-risk students
demonstrated a double-digit word-problems average score
of 5.48 (SD = 3.54) and high-risk students demonstrated an
average score of 5.50 (SD = 4.29). We calculated no sig-
nificant difference between internalizing low-risk and high-
risk students, F(1, 72) = 0.000, p = .988 (ES = .01).

Discussion

We conducted this study to determine whether students with
MD demonstrated different externalizing and internalizing
behavioral patterns compared with students without MD.
After comparing students with and without MD, we focused
on a subset of third-grade students with MD who partici-
pated in a randomized-control trial investigating the effi-
cacy of a word-problem intervention. We investigated
response to the word-problem intervention based on high or
low risk for challenging behaviors.

Behavioral Patterns

In this study, we determined that students with MD dis-
played higher occurrences of externalizing and internaliz-
ing behaviors compared with students without MD.
Specifically, students with MD had significantly higher
externalizing and internalizing behaviors on the SRSS-IE as
rated by their classroom teachers. This aligns with previous
research, which suggested a minimum of 42% of students
that demonstrate challenging behaviors exhibit evidence of
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MD (Epstein et al., 2005). Therefore, it was expected that
students with MD would demonstrate higher occurrences of
at-risk behaviors.

Efficacy of Word-Problem Intervention

After understanding the differences in challenging behaviors
for students with and without MD, we focused on the stu-
dents with MD randomly assigned to receive word-problem
intervention or to act as a business-as-usual comparison.
Before determining how challenging behavior may influence
performance in the word-problem intervention, we examined
whether the intervention was efficacious. We determined
students in the word-problem intervention outperformed
students in the comparison group on the double-digit word-
problems measure. These findings were consistent with pre-
vious iterations of the parent study, in which students in the
word-problem intervention outperformed the comparison
group on the outcome measures proximal to the intervention
(Fuchs et al., 2008).

Challenging Behavior

After determining the efficacy of the word-problem inter-
vention, we focused on the students with MD who actively
participated in the word-problem intervention. We learned
that students with MD with high occurrence rates of exter-
nalizing behaviors did not display the same pattern of gains
as peers without high occurrence rates of challenging
behaviors. Students with a low-risk status for externalizing
behaviors (n = 69) outperformed students with high-risk
status for externalizing behaviors (n = 5). Most notably, we
found the greatest differences on double-digit word-prob-
lems, where students with low risk significantly outper-
formed students with high externalizing occurrence rates
with an ES of 1.17. We also learned that, as externalizing
behaviors increased by one point on the SRSS-IE, student
word-problem gains decreased by 2.98 points.

Students with high occurrences of internalizing behav-
iors (n = 14) did not perform significantly different from
students at low risk for internalizing behaviors (n = 60).
Interestingly, the control groups for externalizing and inter-
nalizing behaviors did not display any significant differ-
ences. This confirms the hypothesis that students with
externalizing types of challenging behaviors do not respond
to academic interventions as well as students without exter-
nalizing behaviors and, in turn, may need more intensive
intervention to see higher effects.

While a greater number of students with MD demon-
strated high-risk internalizing behaviors (i.e., n = 14 inter-
nalizing vs. n = 5 externalizing), the posttest gains of
students with high rates of internalizing behaviors did not
significantly impact the outcome measures. Students with
high occurrence rates of externalizing behaviors, however,

demonstrated significantly lower word-problem perfor-
mance when compared with students without high rates of
externalizing behaviors. This establishes the need to inten-
sify the word-problem intervention to ensure all students
make expected growth, regardless of their behavioral chal-
lenges. Prior research demonstrated that students with chal-
lenging behaviors displayed greater achievement gaps as
they progress through their academic careers (Wei et al.,
2013). Therefore, intensifying interventions for students
with MD and challenging behaviors becomes increasingly
important to ameliorate future lack of response to interven-
tion, especially as challenging behaviors become more
prevalent as students approach middle and high school
(Nelson et al., 2004).

Limitations

There are several limitations in the present study. First, we
were unable to obtain behavioral data on 174 of the con-
sented students with and without MD. We collected behav-
ioral data from 29 full classrooms of third-grade students,
but missing data from the other 10 classrooms, however,
could have impacted the results of the findings. Second, as
we identified students with MD, we removed some students
because of behavioral challenges (n = 9) and very low
English proficiency levels (n = 24) demonstrated during
individual pretesting. Behavioral challenges included
refusal to participate in pretesting and lack of cooperation
with the tutor. If students demonstrated no understanding of
test directions provided in English and could not provide
English oral responses to simple questions, we confirmed
with classroom teachers whether students had a minimum
level of English proficiency to allow for participation in
pretesting; in all suspected cases, teachers confirmed lim-
ited English proficiency. Our removal at pretest of these
students with MD also could have impacted results. Another
limitation was that the 50 students in the business-as-usual
group did not necessarily receive individualized tutoring
while the students in the word-problem intervention groups
did receive such supplemental support. Students in the busi-
ness-as-usual group may have received individualized
tutoring from school personnel (and not research project
tutors) but we did not collect such information. This study
may have been more impactful if the comparison group had
received some form of systematic individualized tutoring.
The SRSS-IE is primarily used as a behavioral screener
in schools and is designed for administration 3 times per
year to monitor student behavioral progress. In the present
study, we collected SRSS-IE data only once, prior to the
beginning of the word-problem intervention. Therefore,
students identified with high occurrences of externalizing
and internalizing behaviors at the beginning of the year may
not necessarily be the same students identified as such in
the middle of the school year (i.c., the end of the present
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study). In addition, we identified very few students as hav-
ing high externalizing (n = 5) and internalizing (n = 14)
behaviors. We may have inadvertently removed students
with high externalizing or internalizing behaviors during
pretest (see previous paragraph) when we identified severe
behavioral challenges that precluded students from partici-
pation in intervention. The lower number of students with
high externalizing and internalizing behaviors may have
impacted the results of the data due to the small number of
students in each group. Finally, between screening and post-
test, several students (n = 7) who scored high on the
SRSS-IE for externalizing behaviors moved to other
schools, had long-term suspensions, or displayed extreme
behaviors during pretest. Although not surprising due to the
somewhat behavioral-related transiency of students with
challenging behaviors (Mattson et al., 2015), it is an impor-
tant consideration.

Future Research

Future research should continue to explore the link between
behavior and mathematics. First, research should be con-
ducted in other areas of mathematics intervention research
to identify if challenging behaviors impact more than word-
problem-solving. In addition, future research should explore
how to intensify word-problem interventions for students
with higher occurrences of externalizing behaviors. This
intervention was conducted one-on-one and was already
considered a form of intensification (National Center on
Intensive Intervention, 2016). Therefore, we should exam-
ine the results of (a) adjusting the word-problem interven-
tion components, specifically increasing reinforcement
rates or performing preference assessments to determine
specific reinforcers, (b) increasing dosage, (¢) using more
three-dimensional representations, and (d) explicitly teach-
ing transfer skills to increase opportunities for practice, or
other recommendations from the Taxonomy of Intervention
Intensity (Fuchs et al., 2017). Finally, future research should
replicate this study in other geographical areas of the United
States and beyond to examine whether similar results are
observed.

Summary

In conclusion, the purpose of this study was to examine the
intersection of behavior and mathematics, specifically the
influence of behavior within a word-problem intervention
for students with MD. We identified a significant difference
in the behavioral patterns of students with MD and those
without MD. In addition, students with MD in the interven-
tion group outperformed students in the control group on all
posttest outcomes but significant differences emerged on
double-digit word-problems, a measure of word-problems
similar to those from high-stakes assessments. Moreover,

higher scores on the SRSS-IE for students with high occur-
rences of externalizing behaviors corresponded with sig-
nificantly lower scores on the word-problem outcome
measure compared with peers without high occurrences of
externalizing behaviors. Students with co-occurring behav-
ior and MD may require more intensive intervention to
demonstrate similar results as their peers without behav-
ioral challenges.
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