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Abstract

The impact of mathematic difficulties level varied for each individual from mild to severe. Having math difficulties potentially
impact the individual’s school, work, and personal life. To close the mathematic performance gap between students with and
without LD requires accounting for students’ learning needs in order to maximize the use of effective mathematic instructional
strategies. The purpose of this paper is to provide an overview of effective math interventions on the mathematical word problem-
solving skills for students with LD
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Introduction

Over the last decade the importance of mathematics for students with and without disabilities has been
emphasized by federal laws concerning high school graduation and college preparedness in science,
technology, engineering, and mathematics (STEM) (U.S. Government Accountability Office, 2005). The
shift to student-centered models and the passage of laws, such as The Individuals with Disabilities
Education Act (IDEA, 2004) and No Child Left Behind (NCLB, 2002) are prompting more school
districts to provide scientific based practices into the process of teaching in order to increase student
comprehension of mathematics, reading, and science.

Statistics generated by the U.S. Department of Education in 2008 demonstrate that 2.5 million students
between the ages of 3 and 21 have been indicated as a having learning disabilities. Approximately 5% of
the all students have learning disabilities (Aud et al., 2011). This number demonstrated that students with
learning disabilities are the most common group among those who need special education. Many students
with learning disabilities (LDs) struggle more in many subjects compared to those without disabilities.
Geary (2004) found that 5 to 9% percent of LD students have a mathematic learning disability (MLD).
Interestingly, even if the prevalence of reading disabilities and mathematic disabilities are similar, students
with MLD are underrepresented in the special education area (Leong &Jerred, 2001; Mazzocco& Myers,
2003).

A recent report of National Assessment of Educational Progress found that the performance of only 40%
of fourth-grade public school students were at or above the proficient level, whereas the performance of
only 34% of eighth-grade public school students were at or above the proficient level (National Center for
Educational Statistics, 2011). Research shows that students with MLD have problems with: a) number
facts, b) computation, ¢) knowledge transfer, d) the language of math, and e) spatial organization (Garnett,
1998). Hence, students with reading disabilities or difficulties are very likely to have difficulty in
mathematic word problem solving (Fuchs & Fuchs, 2002).

Students with LD in either elementary school or middle school have a greater difficulty solving
mathematic problems because several steps and skills are required. (Fuchs et al., 2008; Parmar, Cawley,
&Frazita, 1996). Further, the importance of math problem solving skills for K-12 students with and
without disabilities was noted by the National Council of Teachers of Mathematics (NCTM) in 2013.
Nevertheless, the deficiency of mathematic-problem solving skills of students with MLD or at risk is
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greater than their peers without MLD (Montague & Applegate, 1993). Parmar et al. (1996) showed that
students with LD are one or two grade levels below their peers. To close the mathematic performance gap
between students with and without LD requires accounting for students’ learning needs in order to
maximize the use of effective mathematic instructional strategies.The purpose of this paper is to provide

an overviewof effective math interventions on the mathematical word problem-solving skills forstudents
with LD.

Effective Mathematic Instruction Strategies

Numerous instruction strategies are common for teaching math problem solving skills, such as
explicit/systematic instruction and computer-assisted instruction (CAI). Twenty-six research studies,
which have investigated the effectiveness and variety of instructional methods, such as explicit systematic
instruction, direct instruction, and visual representations, to increase the mathematic performance of
students with disabilities, have been reviewed by the National Mathematics Advisory Panel (2008).
According to the findings, explicit systematic instruction is the most effective strategy for teaching
computation and mathematic word problem solving for students with LD.

Kroesbergen and Luit (2003) conducted a meta-synthesis of empirical research on mathematic
intervention in elementary schools. They included 58 original reports of empirical research on math
intervention published between 1985 and 2000. The study of Kroesbergen and Luit in 2003 involved 13
interventions for preparatory arithmetic, 31 for basic facts, and 17 for problem solving. The 58 reports
included 2,509 students with MLDs. Kroesbergen and Luit (2003) concluded that both self-instruction
and explicit instruction are the most effective methods in teaching math problem solving.

Explicit -systematic instruction

Explicit systematic instruction requires direct explanation of concepts or skills that targeted to teaching.
Student- teacher interaction, modeling the target skills, guiding the instruction, and providing immediate
feedback are the fundamental components of the explicit systematic instruction (Archer & Hughes, 2011;
Jitendra, Griffi, Gardill, Bhat, & Riley, 1998; Tournaki, 2003). According to the National Mathematics
Advisory Panel (2008),these components lead to build the foundational skills and conceptual knowledge
for students with mathematic difficulties. In the process of explicit systematic instruction, the teacher
clearly explains all steps which are needed and establish learning goals.Assessing students’previous
knowledge is another important aspect of this instruction method to connect targeted skills in the learning
sequence. The teacher demonstrates all steps of new skill/concept by modeling and providesopportunities
to determine if the students can perform the targeted skillscorrectly.Students are actively participating in
the learning although the instruction and practices are guided by teacher. Researcher suggested that
explicit systematic instruction in the math teaching need to be used frequently.

Wilson and Sindelar (1991) designed a study to explore the effectiveness ofexplicit instructional strategy
teaching and sequential instruction on student mathematical word problem solving skill (e.g., addition and
subtraction word problems). There are 62 students who are participated to this study. The result of the
investigation indicated that students who assigned either strategy plus sequence or strategy only
performed higher than students from sequence only group.

Jitendra et al. (1998) conducted a study to compare two instructional strategies (explicit schema-based
strategy and traditional basal strategy) on math word problem skills. There are 34 students with mild
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disability or math difficulties at elementary school level participated. Randomized trial research design
was employed. The result of posttest, delayed posttest, and generalization test showed that students who
were assigned to explicit schema-based strategy group significantly performed higher than students
frombasal curriculum

Computer-assisted instruction

Both policy-makers and education researchers view integration technology in education as an important
component in equipping next-generation students.Computer-assisted instruction (CAI) has been
demonstrated in many research studies as an effective method to teach mathematic word problem skills for
students with disabilities. Enhancing personalized learning, the use of visualization, more practicing
opportunities, and quick feedback are well-known features for teaching math with this instructional
strategy (Hannafin&Foshay, 2008; Miles, 2000; Xin &Jitendra, 1999).

Xin and Jitendra (1999) found CAI the most effective instructional strategies for teaching math word
problems to students with learning problems. There is a large number of math applications and software
available to use for teaching math content for students with and without disabilities. In general, most
students and teachers perceive the use of iPads as likely to engage and motivate most students. More
empirical research, however, is needed to determine the popular device’s effectiveness on teaching and
learning across a range of grades and subjects.

Nordness and Haverkost (2013) designed a research study to examine CAI by using portable devices, i.e.,
iPods with Math Magic application, on subtraction skill three elementary aged students with LD and
Behavior Disorder (BD). The students’ subtraction scores obtained from curriculum-based assessments
were higher compared to their previous assessment results. While there is an improvement by 17% on
their subtraction score via CAI, two limitations of this study are its small size (N=3) and the lack of
comparison with other instructional methods or different types of technological devices.

O’Malley et al. (2013) investigated whether the use of iPads enhanced the basic math fluency of ten
students with special needs. A single subject design (ABABA) was applied to measure the effectiveness of
intervention. In a baseline phase, the students were assigned to solve twenty math problems by traditional
methods, and in an intervention phase, the students used iPads. Four important findings emerged. First, the
intervention impacted basic math fluency positively, based on class-wide assessment. Second, when asked
about the use of iPads in math instruction, teachers perceived their use as beneficial in terms of enhancing
student engagement and interest in the course topic and content. Third, teachers demonstrated their
willingness to use iPads as an instructional tool for math.Fourth, O’Malley et al. (2013) showedthatsingle
subject design could be applied to indicate evidence based practice for students with special needs. In
conclusion, there was a significant difference (p <.05) in the mathematic class-wide test score between the
baseline and intervention phase. O’Malley et al. (2013) concluded that iPads as instructional tools were an
effective way to enhance the basic math skill rate of students with disabilities. A few drawbacks from the
teachers’ perceptions were: the need for technical support, and their own lack of enough technical
knowledge about using iPads as instructional tools.

Cihak and Bowlin (2009) examined the use of video modeling (VM) instruction by tablet computers on
geometry skill of three high school students with LD. They used a multiple design to measure the
effectiveness of VM intervention in geometry instruction. Before the test was assigned, the use of VM was
allowed to show the students the problem-solving steps needed. The findings of this study suggested that
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the three students improved their geometry skill (M= 94). Moreover, after the intervention was withdrawn,
the students maintained their improvement on a geometry test by a mean of 86. The teachers, who were
asked to give their perspective on the use of VM in their instruction, pointed out that having flexibility for
creating a particular video by considering students’ specific needs, was another advantage. In addition,
both the teacher and the three students reported that the technology was an innovative way to help them
understand mathematical content. Cihak and Bowlin (2009) concluded that the integration of portable
computers into geometry instruction enhanced the students’ math computing skills and facilitated their
learning by providing “increased opportunities for students to watch, listen, and interact with the
instructional content” (p. 26). The authors noted a few limitations of this study including the difficulty of
generalizing from the small sample size. They also noted that since the intervention occurred in a special
education office rather than a classroom, examining the effectiveness of VM for students with disabilities
in a classroom needed further investigation.

Discussion

The impact of mathematic difficulties level variedfor each individual from mild to severe. Having math
difficulties potentially impact the individual’s school, work, and personal life (Little, 2009). However,
student with mathematical difficulties can demonstrate a greater improvement by implementing scientific
based practices into instruction. The importance providing effective instructional strategies for student with
and without mathematical difficulty has been underlined by several researchers. In this paper, two
scientific based practices; explicit -systematic instruction and computer-assisted instruction overviewed
and discussed.

While each of these practices has different strengths and key features, a classroom teacher can implement
the most appropriate practice when on his/her students’ unique needs are identified. Little and Delisio
(2015) summarized the practical aspects of explicit -systematic instruction in math teaching for students
with math learning difficulties. These aspectsare: a) maximizing the impact of instructional time, b)
having low cost, c) combining with other instructional approaches easily if needed, d) implementing with
large procures fidelity, and e) using either small or whole class format.

The benefits of the use of education technology have been discussed in studies of its effectiveness on
learning (Berson&Balyta, 2004; Bjerede& Bondi, 2012; Saine, 2012). Computer-assisted instruction (e.g.,
Laptop, iPad, mobile technology) can be integrated into math teaching practices to meet the student needs.
A number of different types of technological learning devices, such as computer,Ipod touch, laptops,
smart phone and iPads have been widely used as instructional tools to facilitate learning with a focus on
engagement, interactive learning,increasing students’ conceptual understanding and differentiation,
immediate feedback, and personalized learning (Bouck, Bassette, Taber-Doughty, Flanagan, &Szwed,
2009; Henderson &Yeow, 2012; O’Malley et al., 2013;Russell, Bebell, Cowan, &Corbelli, 2003;).

Despite the potential for mobile learning to become an alternative model of teaching, experts continue to
debate its overall impact on learning. A large number of schools, districts, and states provided iPads soon
after their release by Apple in April 2010 (Apple, 2013). It is clear that more empirical research is needed
on the device’s effectiveness for teaching and learning across a range of grades and subjects. Researchers
have noted that adaption technology in education, teachers having adequate knowledge/skills to
implement a technology initiative in a school or classroom, accessibility of technology, willingness or
resistance to the use of educational technological devices and technology cost are some of the important
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factors which determine whether this practice would be used in today’s classroom (Bjerede, & Bondi,
2012; Henderson &Yeow, 2012; Saine, 2012)
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