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Abstract 

Mathematics Intervention for High School Students with Learning 

Disabilities in the area of Mathematics in Science Inclusion Classes 

Jacob Lee Thomas, M.A. 

 The University of Texas at Austin, 2013 

Supervisor:  Diane Bryant 

Abstract.  This study investigated the effects of teaching high school students with 

mathematics disabilities rates/ratios and proportions using explicit instruction with 

multiple attempts at guided and independent practice.  Three students participated in the 

study and received carefully designed instruction over eight lessons.  Results from the 

study indicated mean score improvements, positive trends, and a high percentage of non-

overlapping data points.  Analysis of the data indicated that each student improved 

overall in their understanding of rates/ratios and proportions and were able to maintain 

those results over time.  Implications for the study and suggestions for further research 

are discussed. 
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Chapter 1:  Introduction 

 Many students are finding themselves unprepared for college due to insufficient 

high school preparation, as well as finding it more difficult to graduate from college and 

more expensive due to mandatory remedial courses.  Taking remedial courses drastically 

reduces students’ chances of graduating college or high school, and statistics show that 

40% of students enrolled in college are required to take at least one remedial course.  One 

of the factors that keeps students from being college ready, is the inability to develop key 

cognitive strategies.  These strategies include analysis, interpretation, precision and 

accuracy, problem solving, and reasoning.  Instead of focusing on teaching students these 

cognitive strategies, high schools have a tendency to focus on the memorization of facts 

in order to help students pass state exams that do not require high-level cognitive 

strategies (Conley, 2007).  The result is that students do not develop the necessary skills 

they will need to be successful in college. 

 As many as 10% of U.S. children have some type of specific learning disability 

(LD), and between 5% and 8% of school-aged children have been diagnosed with some 

form of memory or cognitive deficit disorder that interferes with their ability to learn 

concepts or procedures in one or more mathematical domains (Geary, 2004).  For 

students to graduate on the recommended plan, they must complete high school courses 

at the same level as their academic peers.  This means they must complete a curriculum 

that meets the criteria required by the State of Texas (Texas Education Agency (TEA), 

2012). Graduating on the Texas State Recommended Plan also requires that the level of 



 2 

the TEKS are not changed, though accommodations are still allowable.  An 

accommodation is a change in delivery or materials but does not change the goal or 

objective of the core curriculum standard for all students at that grade level (Modification 

vs. Accommodations, n.d.).  If students with disabilities obtain the necessary credits and 

pass the state assessment, then they can apply to a four-year university (TEA, 2012).  

Simply being accepted to a four-year university, however, does not guarantee that 

remediation courses may not be necessary (Conley, 2007).  Student reliance on a high 

number of accommodations can result in a lack of college-readiness.  The results can be 

extra coursework for students or even dropping out of college entirely.     

TEXAS REQUIREMENTS FOR HIGH SCHOOL GRADUATION 

 The state of Texas allows students to graduate on three graduation plans:  (1) 

Distinguished, (2) Recommended, and (3) Minimum.  The minimum plan does not allow 

students to attend a four-year state university until they have completed a minimum 

number of credits at a two-year institution. In order to get into a four-year state university 

immediately following high school, students are required to graduate on the 

Recommended or Distinguished Plan (TEA, 2007). 

Science and Mathematics Requirements 

 In order to graduate on the Minimum High School Plan, the state of Texas 

requires that all students must complete at least 22 credits to graduate and receive a high 

school diploma.  Of these required credits, 3 must be mathematics credits including a 

credit from Algebra I and Geometry.  The state also requires two science credits that 
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include Biology and Integrated Physics and Chemistry (IPC), Physics or Chemistry rather 

than IPC.  The Texas recommended plan requires that students complete 26 credits in 

order to graduate, including 4 mathematics credits, and four science credits.  The 

mathematics credits must include Algebra I, Algebra II, Geometry, and one other state-

approved credit.  The science credits must include Biology, Chemistry, Physics, and one 

other approved credit (TEA, 2007). 

Mathematics Content Needed for Advanced Science Coursework 

 Algebra 1 is considered the “gateway to abstract thought” (p. 121), and the 

students need to acquire these basic skills in order to be successful in high school. 

(Witzel, Mercer, & Miller 2003). Texas now requires students to pass end-of-course 

exams that show knowledge in algebraic understanding.  Although the intention of 

improving mathematics standards appears justified, state assessments have not helped 

students graduate (Witzel, Mercer, & Miller 2003). The following TEKS from the Texas 

Education Agency spell out exactly what algebra skills are required from students who 

will be taking high school Chemistry: 

Chemistry TEA General Requirements  

 Students shall be awarded one credit for successful completion of this course. 

Required prerequisites: one unit of high school science and Algebra I. Suggested 

prerequisite: completion of or concurrent enrollment in a second year of mathematics. 

This course is recommended for students in Grade 10, 11, or 12. 
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TEK (2): (G) Express and manipulate chemical quantities using scientific 

conventions and mathematical procedures, including dimensional analysis, 

scientific notation, and significant figures 

TEK (8):  (B) Use the mole concept to calculate the number of atoms, ions, or 

molecules in a sample of material; 

(C) Calculate percent composition and empirical and molecular formulas 

(D) Use the law of conservation of mass to write and balance chemical equations 

TEK (10): (C) Calculate the concentration of solutions in units of molarity  

Physics TEA General Requirements 

TEK (5): (B) describe and calculate how the magnitude of the gravitational force 

between two objects depends on their masses and the distance between their 

centers; 

(C) describe and calculate how the magnitude of the electrical force between two 

objects depends on their charges and the distance between them; 

(F) design, construct, and calculate in terms of current through, potential 

difference across, resistance of, and power used by electric circuit elements 

connected in both series and parallel combinations; 
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TEK (6):  (D) demonstrate and apply the laws of conservation of energy and 

conservation of momentum in one dimension; 

(G) analyze and explain everyday examples that illustrate the laws of 

thermodynamics, including the law of conservation of energy and the law of 

entropy. 

(TEA, 2011) 

STUDENTS WITH LEARNING DISABILITIES IN THE AREA OF MATHEMATICS 

 According to Maccini (2000) the requirements that are needed to be successful in 

the area of algebra include: basic skills and terminology, problem representation, problem 

solution, and self-monitoring.  Students with learning disabilities often struggle to master 

each of these areas (Maccini, 2000).  The area of basic skills and terminology relates to 

students being able to recognize basic mathematical terms and perform basic operations.  

Students with LD have consistently performed poorly in this area, even worse than 

younger students without disabilities as measured by computation tests involving 

addition, subtraction, multiplication, and division.  The term, “problem representation” 

refers to the ability to algebraically represent a word problem using numbers and 

symbols.  All phases of this process have been shown to be more difficult for students 

with LD, as those without disabilities have significantly outperformed them.  Problem 

solution involves using sequential steps to derive the value of unknown variables.  

Students with LD have consistently had difficulties with selecting appropriate operations 
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for problem solving and executing number calculations in this area.  Self-monitoring 

activities is the ability for students to monitor strategy-use when solving problems, and 

students with LD perform below expectations in this area as well (Maccini, 2000). 

STATEMENT OF THE PROBLEM 

 A significant percentage of the student population entering college has been 

identified as not being “college-ready”.  This has resulted in more rigorous high school 

standards in recent years with an emphasis on abstract thinking and more advanced 

cognitive skills.  Specifically, the science curriculum in high school requires students to 

have knowledge of a significant amount of advanced mathematics skills in order to be 

successful.  Since students with LD consistently under-perform in many areas of algebra, 

it is imperative that research-based interventions be implemented in order to help students 

succeed. 

SIGNIFICANCE OF THE STUDY 

 Little research in the area of science interventions has taken place throughout the 

United States.  Additionally, there is even less research connecting a mathematics 

intervention for students with LD to be more successful with the mathematics required in 

high school science coursework.  With a recent emphasis on more rigorous curriculum at 

the secondary level, students with LD are struggling to become college-ready.  It is 

important for research-based interventions to be available to professionals who are 

working with students with LD.  This study is intended to look at a module that utilizes 

explicit, systematic instruction with multiple representations focusing on ratios, rates, and 
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proportions to determine if it can help students with LD to be more successful in the area 

of mathematics. 

PURPOSE AND RESEARCH QUESTIONS 

 The purpose of this study is to examine the effects of a mathematics intervention 

on students’ mathematics skills needed for high school science classes.  Specifically, the 

study will try to determine if students who receive explicit, systematic instruction with 

guided and independent practice in specific mathematics domains improve their ability to 

solve problems in science independently.  This study sought to answer the following 

research questions:       

(a)   What is the effect of a ratio and rate intervention on students with 

 LD performance on ratio and rate mathematical problems? 

(b)  What is the effect of a proportionality intervention on students 

 with LD performance on proportionality mathematical 

 problems? 

SUMMARY 

 Many students, specifically students with LD, are unprepared for college because 

of their limited cognitive skills (Conley, 2007).  Additionally, the state of Texas requires 

that students be fluent in solving algebraic problems in not only mathematics classes, but 

multiple science classes as well (TEA, 2011).  Mastery of algebraic concepts means that 

students must have improved cognitive skills (Geary, 2004).  Researchers and 

professionals should work to improve interventions that develop these skills in order for 
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students with LD to be successful both in high school and at the college level.  This study 

was intended to provide information and assist in this process.  
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Chapter 2:  Literature Review 

Mathematics Skills Required for High School Science 

In order for Texas high school students to enroll in a Physics class, the state 

recommends that students should be concurrently enrolled or already completed Algebra 

II (TEA, 2011), due to the direct relationship between Physics and the multiple pre-

requisite algebra skills that are needed for mastery of the Physics TEKS.  These include: 

The use of many different variables, the use of constants, and most importantly, the 

equations using variables and constants used to represent entire concepts (Redish, 2006).  

Physics, however, is not just mastering these algebraic skills; it is applying mathematics 

skills to represent meaning in our physical world (Redish, 2006).  The requirement that 

students must understand concepts in order to solve a Physics mathematics problem 

necessitates that students are proficient with the required algebra skills.   

The need for students to understand algebraic concepts and then use them to solve 

Physics problems means that students primarily fail for two reasons: (a) students do not 

have the mathematical skills needed to solve problems in Physics, or (b) students do not 

know how to apply the mathematical skills they have to Physics concepts (Tuminaro, 

2004).  According to Tuminaro there are three levels of cognitive structures that are 

related to mathematics thinking and science problem solving: (1) Mathematical 

Resources, (2) Epistemic Games, and (3) Frames.  Mathematical resources are the basic 

knowledge needed to begin the problem solving process.  Epistemic games go a step 

further, requiring students to use their basic knowledge and apply it to a problem to create 
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new knowledge.  Frames are how the problem or situation is interpreted by the student 

(Tuminaro, 2004).  

Finally, for students to successfully master algebraic concepts, they must develop 

higher level mathematics and reasoning skills.  Many students with learning disabilities 

(LD) have difficulties in developing these skills for a number of reasons, including 

difficulty with processing information, self-monitoring, and basic mathematics skills 

(Gagnon & Maccini, 2001).  Research has also shown that students with learning 

disabilities have a very limited working memory (Geary, Hoard, Byrd-Craven, Nugent, & 

Numtee, 2007), and display problems with number sense such as comparing numbers or 

transferring word problems to simple equations (Fuchs, Compton, Fuchs, Paulsen, 

Bryant, & Hamlett, 2005; Jordan, Hanich, & Kaplan, 2003).  These problems can cause 

considerable issues when students have to deal with science concepts such as unit 

conversions, rates and ratios, and proportions.   

MATHEMATICS CURRICULUM AND INTERVENTIONS 

Summary of Mathematics Intervention Related Research 

 Extensive research in the field of mathematics education has identified specific 

strategies that are essential to successful mathematics interventions.  These strategies 

include:  explicit instruction, cognitive strategy training, motivational strategies, teaching 

big ideas, using overt strategies, efficient pacing, using concrete materials and visual 

representations, and effective practice and feedback.  Using these strategies by 

themselves has been shown to effectively improve students with LD performance when 
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teaching secondary mathematics concepts (Strickland & Maccini, 2010) (Witzel, Mercer, 

& Miller 2003)   

Explicit Instruction 

 When solving multi-step algebraic equations or algebraic word problems, students 

with LD find themselves less successful mathematics students and are also less motivated 

to learn about mathematics (Witzel, Smith, & Brownell, 2001).  Explicit instruction 

includes the use of an advanced organizer, teacher demonstration, guided practice, 

independent practice, cumulative practice, and curriculum-based assessment to provide 

data to drive instructional planning (Strickland & Maccini, 2010).  One effective 

component of explicit teaching is to first instruct students using concrete manipulations 

and pictoral representations (Witzel, Mercer, & Miller 2003).  Students then transition 

from concrete representations to abstract problems by using a process called “Graduated 

Instructional Sequence (GIS)”.  GIS initially presents material using physical 

representations (representational stage), then moves to drawings or visual representations 

(semi-representational stage), and finally uses mathematical notation (abstract level) 

(Strickland & Maccini, 2010).    

 Additionally,  both Fuchs & Fuchs (2001) and Carnine (1997) have done 

extensive research on explicit instruction and defined or developed some basic principles 

for mathematics instruction including: (a) Teach big ideas, (b) Use overt strategies, and 

(c) Effective practice and feedback.  Teaching big ideas allows students to solve 

problems that require multiple concepts that seem unrelated to students, and assists them 
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in understanding the connections across concepts.  Using the big idea strategy provides 

students with deepened understanding and improved problem solving because they often 

apply to everyday situations.  Overt strategies are explicitly taught steps used by students 

to solve problems.  These strategies are conspicuous at first, but eventually faded so that 

solving a problem becomes routine for students.  The strategies that are taught should not 

be so specific or general that it is difficult for students to find solutions for most problems 

(Carnine, 1997; Fuchs & Fuchs, 2001).  Finally, consistent feedback and practice 

provides teachers with a strategy to ensure that students do not repeatedly make the same 

mistakes.  Effective practice also facilitates retention where students will be able to use 

previous material when learning new concepts (Carnine, 1997). 

Cognitive Strategy Training 

 Cognitive strategy training (CGT) is an educational strategy that has been shown 

to be effective when teaching students with disabilities to solve mathematical problems.  

“Cognitive strategy training combines the teaching techniques of modeling, corrective 

feedback, verbal rehearsal, self-questioning, and cueing with direct instruction in the 

verbal rehearsal, self-questioning, and cueing with direct instruction in the verbal 

mathematics problem solving techniques of paraphrasing, visualizing, detecting relevant 

information, locating the question, hypothesizing, estimating, labeling, and checking 

(Montague, 1986, p. 26).”  It is not only an effective way to introduce material, but also a 

strategy that results in students frequently obtaining generalization and maintenance 

(Graham & Harris, 1989).  Generalization and maintenance are important because 
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algebra is considered the “gateway to abstract thinking” (Witzel, Mercer, & Miller 2003, 

p. 121).  This means that basic algebra skills are pre-requisite to be successful in most 

high school mathematics and science classes, thus allowing students to be more 

successful in other mathematics and science domains. (TEA, 2011).  The strategy 

consists of steps in which both students and teachers explicitly follow in order for 

outcomes to be more successful (Montague, 1986).  CGT began as a general problem 

solving technique commonly used in the 70’s and 80’s, but has since evolved into 

instruction that can be used in domain-specific strategies (Montague, 1997).  Wong 

(1993) believes that CGT is more effective when it is domain-specific for three main 

reasons: a) students find it difficult to relate general strategies to real life; b) students are 

more motivated if they understand the link between the strategy and the academic task; 

and c) students who have domain knowledge can learn general strategies more easily.   

BENEFITS AND BARRIERS TO MATHEMATICS INTERVENTIONS 

Benefits 

 The 2002 passage of the No Child Left Behind Act, along with the passage of the 

2004 Individuals with Disabilities in Education Act (IDEA) has placed a greater 

emphasis on the implementation of interventions, high-quality instruction, and 

accountability for academic outcomes (Fletcher & Vaughn, 2009).  It is important to also 

note that IDEA allows districts to adopt the Response to Intervention (RTI) model which 

(a) screens all children, (b) monitors their progress, and (c) provides increasingly intense 

interventions based on the child’s response (Fletcher & Vaughn, 2009).  Using this 
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model, the primary benefit of RTI is the prevention and remediation of behavioral or 

academic difficulties with evidenced-based interventions.  A secondary benefit is the 

identification of students needing special education services using useful data from the 

interventions students receive (Fletcher & Vaughn, 2009).  This data is important because 

it allows teachers to more easily identify students’ strengths and needs and determine 

what intervention programs are most likely to be successful.  

  Additionally, Fuchs, Fuchs, and Compton (2010) recommend starting secondary 

students with the most intensive interventions, because high school and middle school 

students have a minimum amount of time left in their school careers.  There is a sense of 

urgency for secondary students who are multiple years below grade-level, and the 

benefits of starting students out at with an intensive intervention is that they are provided 

with a new opportunity to improve their academic skills and overcome sizeable deficits 

(Fuchs, Fuchs, & Compton, 2010). 

 Finally, in recent years concerns about the low mathematics performance of 

United States students has led to more rigorous standards for teaching and learning 

mathematics.  Since students with LD in mathematics have been shown to struggle with 

mathematics procedures, organizing information, and experience memory deficits, it is 

critical that mathematics interventions be implemented along with effective teaching 

strategies (Maccini, Mulcahy, & Wilson, 2007).   Effectively implementing these 

interventions that have been proven to work can increase student performance, retention, 

solving equations, and problem-solving tasks (Maccini, Mulcahy, & Wilson, 2007).  
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Barriers 

Though research may show that certain interventions can be effective, there are 

other factors to consider before these interventions should be implemented.  It is 

important that the acceptability of the intervention to the student and teacher be taken into 

account before implementation occurs.  Certain factors that teachers should consider 

before implementation include:  availability of resources, teacher time and expense 

required for implementation, benefit to the child, and school philosophy (Martens, Witt, 

Elliott, & Darveaux, 1985).  Even if all of these factors are accounted for, research has 

shown that without continuous feedback and consultation to the teacher, treatment 

integrity generally begins to deteriorate in just two to four sessions (Noell, Witt, 

Gilbertson, Ranier, & Freeland, 1997). 

The secondary setting has its own unique set of barriers to successful 

interventions.  The first of which is the limited time left to decrease the academic gap 

when students are multiple years behind (Fuchs, Fuchs, and Compton, 2010).  Secondly, 

few researchers focus on older students, which leaves a small number of evidence-based 

interventions to choose from (Fuchs, Fuchs, and Compton, 2010).  Finally, high schools 

and middle schools present more scheduling and compliance problems than would be 

found at elementary schools (Fuchs, Fuchs, and Compton, 2010).  All of these barriers 

make it increasingly difficult for educators to successfully remediate secondary students 

using interventions.   
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SUMMARY 

 Students with LD face multiple challenges that often interfere with their ability to 

master mathematics skills required for high school science.  In order to combat these 

challenges, researchers recommend the following intervention strategies:  (a) explicit 

instruction, (b) cognitive strategy training, (c) positive motivational strategies, and (d) 

other strategies specific to mathematics interventions.  Though there are multiple barriers 

to successful interventions, especially at the secondary level, there is research and 

evidence that show that these interventions are often valuable to students when 

implemented correctly. 
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Chapter 3:  Method 

 Chemistry and Physics are the two high school science subjects that are the most 

mathematics intensive.  In order for students to enroll in either course, the Texas 

Education Agency recommends that students have already completed Algebra I and are 

concurrently enrolled in a second year of mathematics, such as geometry or Algebra II 

(TEA, 2011).  The mathematics skills that students must master in order to be successful 

in these classes include:  manipulating quantities using dimensional analysis, scientific 

notation, and significant figures; using data from graphs and charts to predict trends; 

making calculations using multiple variable equations; rearranging algebraic equations to 

solve for variables; calculating percentages, rates and ratios, and proportions; and using 

trigonometry to solve for angles.  If students have not mastered these mathematics skills 

prior to being introduced to the science material, it becomes unlikely that they will 

succeed (TEA, 2011).  

SETTING AND PARTICIPANTS 

School 

 Students in this study attended an urban high school in Central Texas.  The 

researcher in the study was a teacher at the high school attended by all participants. The 

intervention and testing were given in a one on one or small group setting.  The student 

demographics of the district in which the study took place are the following:  African 

American:  9%, Asian:  11.5%, Hispanic:  30%, Native American:  .5%, Pacific Islander:  
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.2%, White:  44.7%, Two or more ethnicities:  4%, Economically Disadvantaged:  29.1%, 

and Limited English Proficient:  8.2% as compared to the following state averages:  

African American: 12.8%, Asian: 3.5%, Hispanic: 50.8%, Native American:  .5%, Pacific 

Islander:  .1%, White:  30.6%, Two or more ethnicities:  1.7%, Economically 

Disadvantaged:  60.3%, and Limited English Proficient:  16.8 % (TEA, 2013).  

Intervention Setting 

 All intervention sessions occurred within the students’ high school after school.  

The students’ science inclusion teacher, and researcher managing the study, provided the 

intervention instruction four sessions per week.  The researcher is a certified science and 

special education teacher and has taught in the school for 6 years.  A professor who is 

familiar with the instructional components, pacing, and administration of the curriculum 

advised the researcher. 

Participant Selection 

 A total of three participants were chosen for this study.  The criteria to be selected 

for this intervention included: (a) currently enrolled in a Physics class, (b) learning 

disability in the area of mathematics, and (c) currently performing below expectations 

(scores below 70%) on summative exams, district benchmarks or on previous year’s state 

assessment.  All participants were in the 11
th

 grade.  The study began in October 2012 

and ended during the month of February 2013. 

 Participants were recruited through phone calls by the researcher to parents of 

students who met the qualifications of the study.  The researcher was not the teacher of 
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record or involved in any science grading of the students participating in the intervention. 

All three participants returned a signed consent (see Appendix A) and student assent. 

Permission to complete the study was granted through the University of Texas 

Institutional Review Board (see Appendix B), as well as the districts research department. 

 Three students were asked to participate in the study based on their disability, test 

scores from their current science class, and state assessment scores.  All students 

qualified for a learning disability in the area of mathematics, did not pass at least one test 

in their current science class, and did not pass the previous year’s state assessment in the 

area of mathematics.  The gender of the participants included two females and one male.  

The ethnicity of the students included two Caucasian students and one African American 

student.  The age of all students was 16 years old at the start of the study.  Only one of 

the students was considered economically disadvantaged as determined by free and 

reduced lunch status.  Finally, all students had been receiving special education services 

for at least the previous 5 years (see Table 3.1). 
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 Denise Donnie Kelly 

 Denise Donnie Kelly 

Gender F M F 

Age 16 16 16 

Ethnicity African-American Caucasian Caucasian 

Economically Disadvantaged Y N N 

# Years Receiving SPED 

Services 

10 9 7 

Table 3.1:  Student Demographics 

RESEARCH DESIGN 

 A single-subject (A-B) design was used for the study for the intervention in each 

domain.  The A-B design measures a dependent variable several times under (A) baseline 

conditions and (B) intervention conditions (Tawney & Gast, 1984).  The dependent 

variable during this study was the students’ results on rates/ratios and proportions 

curriculum-based measures (CBMs) (see Appendix C), while the independent variable 

was the intervention.  After several observations during the baseline phase showing stable 

data, the intervention was introduced (Tawney & Gast, 1984). 

 The design was used to test the effect of the intervention on each student after 

receiving the conditions over several sessions.  Screening was conducted one week prior 
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to the beginning of the first baseline phase.  Students completed the baseline phase prior 

to any instruction, and then they went through the first phase of the intervention.  

Students then went through another round of the baseline phase, and then received the 

second phase of the intervention.   

   The rates and ratios intervention began in October, and the sessions ended in 

November.  The proportions intervention began in November and ended in December.  

Data on maintenance and generalization continued through February.  The baseline phase 

occurred in October, then again three weeks later.   

 Both individual and group data was collected on the number of items correct on 

an overall pre-test, CBMs, and daily independent practice questions. 

PROCEDURE 

Baseline 

 Baseline testing took place during the first and third weeks of the study.  For 

baseline testing, four consecutive data points were taken for each domain as 

recommended by Gast and Ledford (2010), “researchers collect continuous baseline data 

over a minimum of 3 consecutive days (p. 239).”   During the first week of the study, 

students took a total of four CBM’s that were used as a baseline measure of their 

knowledge of rates and ratios.  During the fourth week of the intervention, students took 

baseline tests for proportions using another CBM that covered the proportions material.  

Students took a total of four baseline tests over proportions.  The CBM’s consisted of ten 
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multiple choice questions that test the material that was covered during the intervention 

sessions.   

Intervention 

 The intervention included eight scripted lesson plans: four rates and ratios and 

four proportions that focus on mathematics tasks that are prerequisites to the science 

problems that students were learning.  Lessons were designed to span one 40-45 tutorial 

session.  Lesson components included (1) previewing, (2) engaging prior knowledge, (3) 

demonstration, (4) guided practice, (5) independent practice, and (6) closure. 

Duration and Schedule 

 (Week 1) Baseline for ratios and rates  

 (Weeks 2-3) Ratio and rates intervention  

 (Week 4) Ratio and Rates post testing 

   Baseline for Proportions    

 (Weeks 5-6)  Proportions intervention 

 (Week 7) Proportions post testing   

 (Maint.) Maintenance testing 
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Instructional routine 

Overview 

 The overview summarizes outcomes, key ideas and pre-skills and gives ideas for 

scaffolding and common misconceptions (Epsilen.com, 2012). 

Previewing 

 Previewing is designed to let the students know what they should expect to learn 

during the intervention session.  The students were told the objective of the day’s lesson 

using students centered language (Epsilen.com, 2012). 

Engaging prior knowledge 

 Students reviewed knowledge already learned during previous intervention 

sessions and/or educational settings that relate to the day’s objective.  This gave students 

an opportunity to connect what they had already learned to what they were expected to 

learn during the session (Epsilen.com, 2012). 

Demonstration 

 Students were given explicit instruction as they were guided through the material 

by the teacher.  At some points during instruction, the teacher demonstrated solely, other 

times students were expected to mimic what the teacher was doing (Epsilen.com, 2012). 
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Guided practice 

 During guided practice students worked on different activities with the teacher or 

in collaboration with a group or partner.  The purpose of these activities was to give 

students an opportunity for extended practice and get immediate feedback from the 

teacher (Epsilen.com, 2012). 

Independent Practice 

 Students were given activity sheets as part of the lesson that they worked on 

independently.  Independent practice sheets closely resembled the material that was 

covered during guided practice.  The activity sheets were used by the students to monitor 

their progress and by the teacher to assess students’ strengths and areas of needs 

(Epsilen.com, 2012). 

Closure 

 Students and teachers took the final few minutes of the session to review what 

was learned and make any final connections.  Additionally, the teacher used this time to 

address misconceptions and determine if supplemental activities were needed 

(Epsilen.com, 2012). 

Lesson sequence 

 The first week of the intervention consisted of four rates and ratios sessions.  The 

first session introduced simplifying ratios where students learned to write and simplify 

ratios that represent real life scenarios.  The second session taught students to generate 
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unit rates using a pre-designed table.  During the third lesson, students were taught how 

to generate equivalent rates by calculating the unit rate and then converting to the desired 

equivalent rate.  The final rates session taught students to compare rates to solve 

problems from real world scenarios. 

 The second part of the intervention consisted of four proportions sessions.  The 

first session taught students to determine proportionality using cross products to 

determine if ratios are proportional.  The second session taught students to find the 

missing value or variable using cross products. The third session taught students to write 

and solve proportions from word problems using key information to create and solve a 

proportion.  The final session taught students to apply proportions to percents.  

MEASURES 

Student performance was measured using outcome measures, which included an 

overall screening and CBMs, instructional probes, and maintenance testing.  Each 

measure was used to determine the effect of overall performance, performance in each 

domain, daily progress, and performance over time.   

Outcome Measures 

Overall screening   

 To determine the effect of the algebra readiness intervention on the overall 

mathematics performance of students with learning disabilities in mathematics, students 

took the overall screening (pre-test) prior to rates/ratios baseline testing.  The assessments 
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were based on the lesson content and monitored students’ overall progress. The 

assessments included demonstration and practice sections before the test questions. The 

assessment procedures provided additional information as well as instructions for 

administering the assessments.  

Curriculum based measures 

 To determine the effect of the algebra readiness interventions on the mathematics 

performance in each domain (rates/ratios and proportions), students also took a researcher 

developed CBM that was given to the students during baseline and intervention.  The  

CBM was developed using questions from the Mathematics Skills toward Algebra 

Readiness (MSTAR) intervention lessons (see Appendix D). MSTAR intervention 

lessons specifically target tier 2 intervention students, and focus on providing a “concrete 

structure to help students learn the foundational skills necessary for success in 

increasingly complex mathematics curricula (Epsilen.com, 2012).”  Table 3.2 describes 

when each assessment was given. 

 Week 1 Weeks 2-3 Week 4 Weeks 5-6 Week 7 

Rates and 

Ratios 

4 baseline 

CBMs 

4 intervention 

sessions. 

4 post-test 

CBMs 

  

Proportions   4 Baseline 

CBMs 

4 intervention 

sessions 

4 post-test 

CBMs 

Table 3.2: CBM Timeline 
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 Each day during the baseline phase, students took the CBM across eight total 

sessions.  Four rates and ratios CBMs were given during week one and four proportions 

CBMs were given during week four.  Finally, students took a total of eight CBMs after 

they completed the intervention sessions as part of post-intervention assessment.  

Students took four rates and ratios CBMs during week four and four proportions CBMs 

during week seven. 

Instructional probes 

 In order to determine the daily progress of algebra skills, students took a daily 

independent practice test.  At the end of each lesson, students charted progress results 

(see Appendix E) using results from the independent practice questions.  Independent 

practice questions were taken from the MSTAR Independent Practice questions.  Using 

the graphs that students created, both students and teachers were able to understand 

which lessons they mastered, and which lessons they needed more assistance with. If 

students did not correctly answer 75% of the independent practice questions, they would 

retake the intervention session before progressing to the next session. 

 In addition to the independent practice questions, after each proportions session 

students were asked a Physics related question that required the use of proportions 

knowledge.  This was done in order to determine if there was evidence of a relationship 

between the skills that students were taught and the ability to solve high school Physics 

problems. 
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Maintenance 

 In order to determine the effect of algebra readiness lessons on the maintenance of 

mathematics performance, an additional four sessions took place with no instruction 

provided.  Students took two maintenance CBMs for each domain.  The maintenance 

testing took place over a period of two months, in 5 week intervals, after the intervention 

sessions were completed. 

DATA ANALYSIS 

Visual Analysis 

 Data was reported for each individual participant that took part in the 

intervention.  Individual student graphs were created using scores from CBMs taken prior 

to intervention (baseline), after the intervention, and during maintenance.  Each graph 

was visually analyzed to determine if any trends exist in the data. All graphs, including 

individual and group, were analyzed for trend, variability, and level for both rates/ratios 

and proportions.  “Level refers to the mean performance during a condition (i.e., phase) 

of the study.  Trend references the rate of increase or decrease of the best-fit straight line 

for the dependent variable within a condition (i.e., slope). Variability refers to the degree 

to which performance fluctuates around a mean or slope during a phase (Horner, Carr, 

Halle, Mcgee, Odom, & Wolery, 2005, p. 171).”  Each phase and domain was analyzed 

separately.   
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Non-overlapping data points 

 In addition, data was analyzed using the procedure of percentage of non-

overlapping data points (PND).  PND is calculated by first, identifying the number of 

data points that do not overlap between baseline and intervention phase; second dividing 

that number by the total number of data points; and lastly, multiplying by 100 to find a 

percentage (Kennedy, 2005).  Effect sizes greater than 70% are considered to be effective 

intervention, between 50% and 69% as questionable effects, and less than 50% as no 

effect (Scruggs & Mastropieri, 2004). 

SOCIAL VALIDITY 

 When all intervention sessions were completed, students completed a 

questionnaire (see Appendix F).  The questions included: (a) How long have you been at 

your current school?, (b) Have you ever been in math tutorials before?, (c) Do you like 

math?, (d) What did you like best about coming to learn about strategies to solve 

rates/ratios problems?, and (e) What was hard for you when learning rates/ratios?  

Additionally, a Likert scale was used to examine the student perspectives on the 

intervention.  The answer choices were Totally Agree (4 points), Kind of Agree (3 

points), Kind of Disagree (2 points), and Totally Disagree (1 point).  Students commented 

on the following:  (a) The strategies used to learn rates/ratios were easy, (b) The 

strategies used to solve rates/ratios problems would be good for my classmates to use, (c) 

I liked the strategies I learned to solve rates/ratios problems, (d) I think the strategies 
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helped me to do better in science class, (e) I liked checking my results to the independent 

practice. 

SUMMARY 

 Using an A-B design, 3 high school Physics and Chemistry students received 

mathematics instruction.  During four sessions per week students received explicit, 

systematic instruction in rates and ratios and proportions.  The data was analyzed using 

percentage of non-overlapping data points (PND), as well as visual analysis.  Using a 

questionnaire that was completed by the participants tested the social validity of the 

study. 



 31 

Chapter 4: Results 

 The purpose of this study was to examine the effects of a mathematics 

intervention on skills and concepts that were necessary for science instructional content 

(e.g. converting units, solving conservation of momentum problems).  Each of the 

students participated in mathematics interventions for rates/ratios and proportions, and 

they completed an overall pre-test, CBM probes for baseline, CBM probes after 

intervention sessions in each domain, and maintenance CBM probes in each domain.  

The study was guided by two research questions: 

(a)  What is the effect of a ratio and rate intervention on students with 

 LD performance on ratio and rate mathematical problems? 

(b)  What is the effect of a proportionality intervention on students 

 with LD performance on proportionality mathematical 

 problems? 

 The design of the intervention was a single-subject A-B study.  Baseline testing 

(Phase A) was followed by intervention and progress monitoring (Phase B) for each 

intervention domain.  The first intervention, rates and ratios, taught students to take 

information from mathematical word problems to simplify rates and ratios.  

Understanding rates and ratios is a pre-requisite to solving proportions, the second 

domain.  The proportions intervention taught students to solve word problems that 

compared equivalent ratios.  In each domain, students were instructed using the 

Mathematics Skills Toward Algebra Readiness (MSTAR) intervention lessons.  Each 



 32 

lesson lasted between 30 and 45 minutes per sessions.  The structure of each lesson 

included:  Overview, preview, engage prior/informal knowledge, demonstration, guided 

practice, independent practice, and closure.  The mastery criterion for each lesson was 

answering at least 75% correct in the independent practice session.  When students 

mastered a lesson, they would move on to the next lesson until they completed all four 

sessions in each domain.   

VISUAL ANALYSIS 

 The visual analysis results are shown in tables 4.1 and 4.2.  The tables show the 

mean number of answers correct for the rates/ratios domain and proportions domain.  

Figure 4.1 shows data from the overall pre-test given to students in the qualifying stage of 

the study.  Figures 4.2 to 4.4 show data from the rates/ratios domain, while figures 4.5 to 

4.7 show data from the proportions domain. 

Overall Pre-test 

 Prior to baseline testing, each student was given an overall pre-test that tested 

students’ knowledge of both rates/ratios and proportions.  The test had a total of 20 

problems; 10 rates/ratios and 10 proportions.  In order to qualify for the study, students 

had to score below 70% total, below 70% in the rates/ratios section, and below 70% in 

the proportions section.  All three students qualified for the study with scores below 70% 

in each section. 

 Denise’s total score was 25% with a score of 20% in the rates/ratios section and 

30% in the proportions section.  Donnie’s total score was 50% with a score of 50% in the 
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rates/ratios section and 50% in the proportions section.  Finally, Kelly’s total score was 

30% with a score of 40% in the rates/ratios section and 20% in the proportions section. 

 

Figure 4.1:  Overall Pre-test Percent Correct 

VISUAL ANALYSIS OF RATES/RATIOS 

 The rates/ratios baseline testing began the week after the overall pre-test.  Each 

rates/ratios baseline curriculum-based measure (CBM) consisted of a total of 10 

rates/ratios problems.  Students were allowed to take as much time as they needed to 

complete each CBM, but no student needed more than 15 minutes for any CBM.  Four 

rates/ratios baseline CBMs were given over a period of four straight days during the 

week.    

 The rates/ratios intervention was given over a period of two weeks.  Each student 

attended two sessions during each week.  The four sessions covered the following topics 
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respectively:  simplifying rates that represent real life scenarios, generating unit rates, 

generating equivalent rates, and comparing rates from real life scenarios.   

 All students were present for all four rates/ratios intervention sessions.  Each 

student attended their session at a different time and received 1:1 instruction from the 

researcher because of differing schedules. 

 After the overview, preview, and engaging/demonstration, students began 

working on guided practice questions.  Donnie and Kelly would commonly get assistance 

from the teacher on the first two or three guided questions and then successfully work the 

rest of the problems on their own.  Denise would generally ask for clarification or 

assistance on each guided practice question.  All students completed the independent 

practice questions without assistance from the teacher.  In all sessions, each student 

correctly answered at least 75% of the problems correctly, thus no intervention session 

had to be completed twice.  

 Rates/ratios maintenance CBMs were administered 5 weeks after the final 

rates/ratios intervention session, and another 5 weeks after the first maintenance CBM.  

All maintenance CBMs had 10 problems that were similar in style to all other rates/ratios 

CBMs. 

Denise Rates and Ratios  

 The level for Denise’s baseline phase was 1.5.  The trend was flat to increasing 

with a positive slope of .4.  The variability showed a high score of two correct answers, a 

low score of one correct, and a mean of 1.5 correct.   
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 During the post-intervention phase, her level for was 8.5.  The trend was positive 

with a slope of 1.37.  The variability showed a high score of ten correct answers, a low 

score of eight correct, and a mean of 8.5 correct.    

 Finally, her level was 7.5 for the maintenance phase.  The trend from baseline to 

maintenance was positive with a slope of .92, and the trend from post-intervention to 

maintenance was flat to decreasing with a slope of -.32.  The variability showed a high 

score of eight correct answers, a low score of seven correct, and a mean of 7.5 correct. 

 

Figure 4.2:  Denise Rates/Ratios CBMs 

Donnie Rates and Ratios  

The level for Donnie’s baseline phase was five.  The trend was downward with 

slope of -.8.  The variability showed a high score of seven correct answers, a low score of 

three correct, and a mean five correct.  
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During the post-intervention phase, his level for was eight.  The trend was 

positive with a slope of .43.  The variability showed a high score of nine correct answers, 

a low score of seven correct, and a mean of eight correct.   

 Finally, his level was 8.5 for the maintenance phase.  The trend from baseline to 

maintenance was slightly positive with a slope of .42, and the trend from post-

intervention to maintenance was flat with a slope of .02.  The variability showed a high 

score of nine correct answers, a low score of eight correct, and a mean of 8.5 correct. 

 

Figure 4.3:  Donnie Rates/Ratios CBMs 

Kelly Rates and Ratios  

 The level for Kelly’s baseline phase was 2.25.  The trend was flat with a slope of 

.067.  The variability showed a high score of three correct answers, a low score of one 

correct, and a mean of 2.25 correct.   
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 During the post-intervention phase, her level for was 8.5.  The trend was positive 

with a slope of 1.2.  The variability showed a high score of nine correct answers, a low 

score of eight correct, and a mean of 8.5 correct.   

 Finally, her level was seven for the maintenance phase.  The trend from baseline 

to maintenance was positive with a slope of .78, and the trend from post-intervention to 

maintenance was slightly decreasing with a slope of -.34.  There was no variability, with 

both maintenance scores being seven correct. 

 

Figure 4.4:  Kelly Rates/Ratios CBMs     

RATES AND RATIOS PERCENTAGE OF NONOVERLAPPING DATA 

Denise had no overlapping data points between baseline and post-intervention 

CBMs, with a PND effect size of 100%.  Donnie had one overlapping data point between 

baseline and post-intervention CBMs, with a PND effect size of 88%.  Finally, Kelly had 
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no overlapping data points between baseline and post-intervention CBMs, with a PND 

effect size of 100%.     

SOCIAL VALIDITY OF RATES AND RATIOS 

Following the completion of each stage of intervention sessions, each student 

completed a short social validity questionnaire.  The results of the social validity 

rates/ratios questionnaires showed that each student found that the intervention helped 

them with their mathematics skills.  All students stated that it was easy to use the 

strategies to both learn and solve the rates/ratios problems.  Each student also agreed that 

they enjoyed checking the results to their independent practice problems.  Not all 

students, however, were sure that learning rates/ratios strategies would help them with 

their science class.  Finally, two students stated that the rates/ratios problems were much 

easier to solve using the strategies they learned than they originally thought. 

VISUAL ANALYSIS OF PROPORTIONS  

 The proportions baseline testing began the same week as the rates/ratios post-

intervention CBMs.  Like the rates/ratios CBMs, each proportions CBM consisted of a 

total of 10 problems.  Students were still allowed to take as much time as they needed to 

complete each CBM.  Each student finished all proportions CBMs in less than ten 

minutes.  Four proportions baseline CBMs were given over a period of four straight days 

during the week. 

 The proportions intervention was given over a period of two weeks.  Each student 

attended two sessions during each week.  The four sessions covered the following topics 
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respectively:  proportionality using cross-products, finding missing values using cross 

products, writing and solving proportions from word problems, and applying proportions 

to percents.   

 All students were present for all four proportions intervention sessions.  Each 

student attended their session at a different time and received 1:1 instruction from the 

teacher, because student schedules continued to conflict.   

 The lesson sequence remained the same as the rates/ratios, where students began 

working on guided practice questions after teacher demonstration.  All three students 

would generally complete the first few guided practice questions with assistance from the 

teacher, then they would finish the problems independently.  All students completed the 

independent practice questions without assistance from the teacher.  In all sessions, each 

student correctly answered at least 75% of the problems correctly, thus no intervention 

sessions had to be redone.  

 Proportions maintenance CBMs were administered 5 weeks after the final 

proportions intervention session, and another 5 weeks after the first maintenance CBM.  

All maintenance CBMs had 10 problems that were similar in style to all other proportions 

CBMs. 

Denise Proportions  

 The level for Denise’s baseline phase was 6.25.  The trend was flat with a slope of 

-.03.  The variability showed a high score of seven correct answers, a low score of six 

correct, and a mean of 6.25 correct.   
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 During the post-intervention phase, her level for was 8.75.  The trend was slightly 

positive with a slope of .4.  The variability showed a high score of nine correct answers, a 

low score of eight correct, and a mean of 8.75 correct.    

 Finally, her level was 8.5 for the maintenance phase.  The trend from baseline to 

maintenance was slightly positive with a slope of .34, and the trend from post-

intervention to maintenance was flat with a slope of zero.  The variability showed a high 

score of nine correct answers, a low score of eight correct, and a mean of 8.5 correct. 

 

Figure 4.5:  Denise Proportions CBMs 

Donnie Proportions 

 The level for Donnie’s baseline phase was three.  The trend was flat with a slope 

of -.4.  The variability showed a high score of four correct answers, a low score of two 

correct, and a mean of three correct.   
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 During the post-intervention phase, his level for was 8.5.  The trend was positive 

with a slope of .9.  The variability showed a high score of nine correct answers, a low 

score of seven correct, and a mean of 8.5 correct.    

 Finally, his level was eight for the maintenance phase.  The trend from baseline to 

maintenance was positive with a slope of .68, and the trend from post-intervention to 

maintenance was flat to decreasing with a slope of -.28.  There was no variability with 

both scores being eight correct. 

 

Figure 4.6:  Donnie Proportions CBMs 

Kelly Proportions 

 The level for Kelly’s baseline phase was 6.25.  The trend was relatively flat with a 

slope of -.3.  The variability showed a high score of seven correct answers, a low score of 

six correct, and a mean of 6.25 correct.   
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 During the post-intervention phase, her level for was nine.  The trend was slightly 

positive with a slope of .37.  The variability showed a high score of ten correct answers, a 

low score of eight correct, and a mean of nine correct.    

 Finally, her level was eight for the maintenance phase.  The trend from baseline to 

maintenance was slightly positive with a slope of ..26, and the trend from post-

intervention to maintenance was flat to decreasing with a slope of -.24.  There was no 

variability with both scores being eight correct. 

 

Figure 4.7:  Kelly Proportions CBMs 

PROPORTIONS PERCENTAGE OF NONOVERLAPPING DATA  

Denise had no overlapping data points between baseline and post-intervention 

CBMs, with a PND effect size of 100%.  Donnie also had no overlapping data points 

between baseline and post-intervention CBMs, with a PND effect size of 100%.  Finally, 
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Kelly had no overlapping data points between baseline and post-intervention CBMs, with 

a PND effect size of 100%.    

RESULTS OF PHYSICS PROBLEM 

At the end of each proportions lesson, students were asked one Physics related 

question that required them to use their knowledge of proportions.  A total of four 

questions were answered by each student.  Denise correctly answered three out of four 

questions, while Donnie and Kelly correctly answered all four questions. 

SOCIAL VALIDITY OF PROPORTIONS 

 The results of the proportions questionnaire showed that each student found that 

the intervention helped them with their mathematical skills and in their science class.  All 

students stated that the strategies to learn and solve the proportions problems were easy to 

use.  Additionally, all students believed that the proportions strategies they learned would 

be helpful in their science class.  All students also stated that they liked checking the 

results to their independent practice sessions.  Finally, two students stated that their 

favorite part of the proportions intervention was being able to solve a science problem 

using proportions strategies at the end of each session. 

SUMMARY 

 Each student showed substantial improvement in the mathematical domains of 

rates/ratios and proportions.  Each student had a baseline score of no more than 5 correct 

answers in the domain of rates and ratios, and all improved to a post-intervention CBM 
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score of at least 8 correct answers.  All students also had positive post-intervention trend 

lines in the domain of rates and ratios after having flat or negative trend lines during 

baseline (see Table 4.1).   

 In the area of proportions, the students had baseline scores of at most 6.25 correct 

answers during baseline testing to post-intervention scores of at least 8.5 correct.  

Additionally, each student went from baseline trend lines that were relatively flat to post-

intervention trend lines that were positive (see Table 4.2). 

 

 Denise Donnie Kelly 

 Denise Donnie Kelly 

Baseline Mean 1.5 5 2.25 

Post-Intervention Mean 8.5 8 8.5 

Maintenance Mean 7.5 8.5 7 

Table 4.1 Mean of Correct Answers over all Phases in Rates/Ratios Domain 
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 Denise Donnie Kelly 

 Denise Donnie Kelly 

Baseline Mean 6.25 3 6.25 

Post-Intervention Mean 8.75 8.5 9 

Maintenance Mean 8.5 8 8 

Table 4.2 Mean of Correct Answers over all Phases in Proportions Domain 
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Chapter 5:  Discussion 

 This study was conducted to determine if a specific intervention can help students 

with LD to be more successful in the area of mathematics, and more specifically, improve 

their mathematics skills related to the science curriculum.  The intervention focused on 

these domains because a significant portion of the Texas Essential Knowledge and Skills 

in Chemistry and Physics require students to have prerequisite knowledge of rates, ratios, 

and proportions (TEA, 2011). 

 The focus of the Discussion section centers on the results of the rates/ratios and 

proportions interventions, to answer the following research questions: 

(a)  What is the effect of ratio and rate interventions on student 

 performance on ratio and rate mathematical problems? 

(b)  What is the effect of proportionality interventions on student 

 performance on proportionality mathematical problems? 

ANALYSIS OF RESULTS       

 A visual analysis of the results was completed by examining the mean shifts 

(level) from baseline to intervention and maintenance, the variability in the data, and the 

changes in trends (Kromrey, 1996).  The analysis of the level for this intervention 

focused on the changes in means from baseline to intervention to the maintenance phases.  

Variability was analyzed both within and between baseline and intervention phases.  The 

changes in trend-lines were analyzed from baseline to intervention, intervention to 

maintenance, and baseline to maintenance.  Finally, an examination of the percentage of 
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non-overlapping data points (PND) was evaluated.  PND was calculated by identifying 

the number of data points that do not overlap between baseline and intervention phase, 

dividing that number by the total number of data points, and finally multiplying by 100 to 

find a percentage (Kennedy, 2005).     

Effect of an Intervention on Rates and Ratios Performance 

 From baseline to intervention, each student showed noticeable increases on their 

rates and ratios CBMs.  The trend lines for each student increased considerably as well.  

This showed that the immediate effects of the intervention did have positive outcomes on 

students learning rates and ratios.  Additionally, analysis of PND showed that only one 

student had just one overlapping data point, which shows that there was little to no short 

term regression during post-intervention testing. 

 During the intervention students were also required to graph their data from their 

independent practice questions.  Students saw generally flat trend lines because they 

always scored at or above 75% on this portion of the practice.  Despite the flat trend, 

students did see the positive results of the intervention by always being able to map their 

points at the top of the graph, which may have contributed to the motivational aspect for 

these interventions.   

 Though each student did have a negative trend line from post-intervention to 

maintenance, the trends were relatively flat with none of the mean scores decreasing by 

more than 1.5 correct answers.  
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 Although the students had been previously taught rates and ratios in elementary 

school (TEA, 2011), the baseline results showed that each student had not retained that 

knowledge.  During the intervention each student results showed that each student was 

successfully learning the material by completing guided practice questions independently, 

showing mastery on independent practice questions, and then showing marked 

improvement from baseline to post-intervention CBMs.  The most positive results from 

the rates/ratios intervention were the continued successes on the maintenance CBMs.  

Students with LD often struggle with memory deficits in the area of their disability 

(Maccini, Mulcahy, & Wilson, 2007).  The rates/ratios maintenance results showed that 

after the intervention, students were able to retain most of the knowledge and accuracy 

for a period of at least 10 weeks. 

Effect of an Intervention on Proportions Performance 

 Denise and Kelly had considerably higher baseline scores than each of their 

scores on the overall pre-test and the rates/ratios baseline.  This was an expected outcome 

since rates and ratio concepts are a pre-requisite skill to understanding proportions.  A 

surprising finding was that Donnie’s baselines scores were lower for proportions (mean = 

3) than rates/ratios (mean = 5), since rates and ratios are a prerequisite skill and he should 

have been more prepared for proportions.  Donnie has struggled in the past to activate 

prior knowledge and generalize previous knowledge when learning new concepts; this is 

a common issue for students with LD (Fuchs, Compton, Fuchs, Paulsen, Bryant, & 

Hamlett, 2005).  It is possible that this was the cause of his lower baseline scores.  All 
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students, however, have relatively flat baseline trends with no student fluctuating more 

than two correct answers in the positive or negative direction.   

 Denise and Kelly showed improvement from their baseline scores, but did not 

have steep trend lines because their baseline scores were already high.  Donnie showed 

the most improvement because he started with a low baseline mean then improved his 

scores during post-intervention testing to similar scores of the other students.  Finally, 

each student continued to have successful results on their maintenance CBMs.  Though 

all students had negative trends from post-intervention to maintenance, the trends were 

generally flat which shows that the students generally retained the information they 

learned during the intervention. This may have been possible because of the nature of the 

instructional design, which focused on explicit, systematic instruction. According to 

Strickland and Maccini (2010) and Witzel, Mercer and Miller, (2003), students with LD 

benefit from this type of instruction to help them learn and master new concepts and 

skills. 

 Each student continued to show mastery on independent practice questions, with 

no student scoring below 75% after any intervention session.  In addition to the 

independent practice questions from the MStar lesson, students were also asked one 

Physics related question that required the use of proportions.  

  Denise incorrectly answered the Physics question on the second day of 

intervention, but each student answered all other Physics questions correctly.  While only 

one Physics question was asked after each session, this success shows that there could be 

an important generalization between the intervention and Physics success.  Knowledge of 
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rates, ratios, and proportions is a prerequisite for high school Physics.  Baseline data from 

both the rates/ratios and proportions domains showed that the students in this study had 

not mastered or retained this prerequisite knowledge.  However, the results of the post-

intervention and maintenance measures show that the intervention used in this study can 

successfully teach students these skills and help them to retain that knowledge over time.     

 The proportions baseline scores were expected to be higher than those of the rates 

and ratios because students require knowledge of rates and ratios to solve proportions, 

which made most of the results from the proportions intervention unsurprising.  

Additionally, proportions are a review concept for high school students, though they are 

not often practiced, and it was expected that students would re-learn the concept quickly.  

However, as with rates and ratios, the most interesting results came from the proportions 

maintenance CBMs.  Although each student had a slightly decreasing trend from post-

intervention to maintenance, they still had a mean score of at least 8 correct answers on 

proportions problems at 5 and 10 weeks after the intervention.  This is important because 

students with LD often struggle with memory deficits that keep them from continuing to 

show mastery of a concept weeks or months after they had already shown that they 

successfully learned that concept. 

LIMITATIONS 

 When analyzing the results of this study, it is important to understand that there 

are some limitations.  First, using a single-subject design makes it difficult to know if the 

results would generalize to a larger group of students.  This study only had participants 
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who qualified as students with LD in the area of mathematics.  The results from this 

study should not be taken to claim that this intervention would be effective for all 

students, or even all students with LD in the area of mathematics.  Rather, this study is a 

starting point for future research because this intervention has been shown to effectively 

teach some students a specific set of mathematical skills. 

 Another limitation of the study was the A-B design.  This study consisted of only 

one group of students who were given baseline CBMs, intervention, then post-testing.  A 

multiple baseline or multi-probe design could have shown a causal, experimental 

relationship between the dependent and independent variables.  The A-B design makes it 

impossible to rule out the influence of other variables on the dependent measure (Gast, 

2010). 

 Additionally, the one on one setting was ideal, but it is not a very common 

practice, even in special education settings.  It is possible that an intervention with a 

larger group of students would not produce the same positive results. 

 Finally, there was no implementation of fidelity or double scoring.  The teacher 

and students were not observed during the intervention or during testing.  Additionally, 

only the teacher scored the CBM assessments for each student.  There was not another 

professional that ensured the scoring was done correctly.     

PRACTICAL IMPLICATIONS 

 The intention of this study was to examine the effects of a specific intervention on 

student performance of rates/ratios and proportions problems, and the effect of these 
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lessons on the students’ Physics performance.  Findings are promising in terms of the use 

of an intervention that includes explicit, systematic instructional design features to teach 

students with LD prerequisite mathematics knowledge for more advanced high school 

work (Strickland & Maccini, 2010; Witzel, Mercer, & Miller, 2003).  Though not 

intended to explicitly teach science standards, the intervention does provide some of the 

requisite skills (i.e., ratios/rates; proportions) necessary to succeed in a high school 

science class.  In order to help struggling learners succeed, it is important to provide them 

with empirically validated techniques (Gagnon & Maccini, 2007).  One example of this 

was moving from representational to abstract (RA) sequentially.  RA has been shown to 

improve students’ understanding of mathematical skills from pretest to posttest (Butler, 

Miller, Crehan, Babbitt, & Pierce, 2003). The findings from this study suggest that high 

school students with LD can benefit from lessons on prerequisite knowledge when taught 

explicitly and systematically.  Moreover, the results of the study also showed that 

students who are given individualized, explicit instruction with multiple attempts at 

guided and individual practice are likely to substantially improve their mathematical 

skills in a specific domain (Strickland & Maccini, 2010; Witzel, Mercer, & Miller, 2003). 

 Additionally, the scripted nature of the lesson requires little preparation time for 

the instructor, and the actual instruction time prior to guided and independent practice 

takes only 10-15 minutes.   With students showing considerable progress in both 

rates/ratios and proportions after just four intervention sessions in each domain, it can be 

reasonably expected for class or school to implement a similar intervention. 
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 Finally, students reported that progress-monitoring and seeing positive results 

over a short period of time increased their motivation to complete the intervention as 

measured by the social validity questionnaire.  This is important because students who 

lack motivation to give a determined effort is common to intervention research (Dunst & 

Trivette, 1994).  Previous experience of failure in a specific subject or domain has been 

shown to cause a lack of motivation in students (Brophy, 1987).  All of the students in the 

intervention had considerable difficulties in both mathematics and science in the past, but 

each student was able to see improvement in their ability to solve rates/ratio and 

proportions problems.    

ADDITIONAL OBSERVATIONS 

In addition to the implications of the results seen from the measures, there were 

also some observations that were not seen in the data.  The researcher saw that there was 

an increased rapport between the teacher who administered the study and the students in 

the Physics classroom.  Each student was normally reluctant to work with the teacher 

prior to the intervention, however, after the intervention each student was more willing to 

work independently with the teacher or in small groups. 

SUGGESTIONS FOR FUTURE RESEARCH 

 Although the study shows the benefits of a mathematics intervention that uses 

effective instructional strategies, there are multiple proposals for future research that have 

been identified.  First, additional generalization studies should be done to determine if a 

rates/ratios and proportions intervention will improve student results on Chemistry and/or 
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Physics problems.  The results from the Physics problem show evidence that there could 

be a causal relationship between the intervention used in this study and the ability to 

solve some high school Physics problems. 

 Second, additional studies, similar in nature, should be done with larger sample 

sizes and control groups.  Future research should determine the results of this type of 

intervention when the group sizes are closer to the size of an actual class or intervention 

group instead of simply instructing with a one-to-one student-teacher ratio.  In addition to 

larger groups, control groups should be used to verify that student progress is due to the 

intervention and not instruction from another setting. 

 In addition to modifying the design of the study by changing the size and control, 

future research should also look at the results of the intervention using other, or 

additional, measures.  Evidence that there was a functional relationship between the 

independent and dependent variable could be obtained using a multiple baseline or multi-

probe design.  These types of experimental designs could help to rule out the possibility 

of outside influences affecting the results of the intervention. 

 Finally, future research should consider the effect of mathematical interventions 

in other domains on student improvement in science classes.  Although rates/ratios and 

proportions are required to be successful in high school science classes, there are multiple 

other mathematical concepts that students must master to be able to succeed in Chemistry 

and Physics.  For example, TEA recommends that high school Chemistry and Physics 

students have already completed Algebra I and are enrolled in or already completed 

another credit of high school mathematics (TEA, 2011).   
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SUMMARY 

 In sum, the results of this study indicate that explicit, systematic instruction does 

improve students’ ability to solve rates/ratios and proportions mathematical problems.    

This is important because not only are these skills required for high school mathematics 

classes, but high school Physics also requires that students to apply the mathematics skills 

taught in this study.  Although this study does not prove that the intervention would 

improve students’ abilities to solve Physics word problems that involve rates/ratios and 

proportions, it does indicate that the intervention would be an effective tool to teach 

students some of the mathematics skills necessary to be successful in high school 

Physics.  This study also showed that the concepts taught in the interventions can be 

learned and mastered in a limited number of short sessions.   An important next step is to 

determine whether or not these mathematics skills generalize to the Physics classroom.  
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Appendix A 

CONSENT FORM 

Mathematics Intervention for High School Students with Learning Disabilities in the area of 

Mathematics in Science Inclusion Classes 
  

Jacob Thomas, B.A. 

The University of Texas at Austin 

Department of Special Education 

512-983-6798 

 

You are being asked to allow your child to participate in a research study. This form provides you 

with information about the study. Please read the information below and ask any questions you might 

have before deciding whether or not to take part. Your child’s participation is entirely voluntary. You 

may refuse to allow your child to participate without penalty or loss of benefits to which you are 

otherwise entitled. You can stop your participation at any time and your refusal will not impact current 

or future relationships with the University of Texas at Austin or your school district. To do so, simply 

tell the researcher you wish to stop participation. The researcher will provide you with a copy of this 

consent for your records. 

 

The purpose of this study is to examine the effects of a mathematics-based intervention in order to 

improve students’ mathematical skills required in high school science classes.  Specifically, will 

students who receive the intervention improve their mathematical skills that are used in high school 

Chemistry and Physics classes?  Additionally, will the students who receive the intervention reduce 

the gap between their scores on summative, district, and state tests and the scores of their peers?    

 

If you provide consent for your child to be in this study, we will ask the following: 

 That your child is present during intervention and testing sessions and is focused on the 

teacher’s instruction. 

 That you allow researchers access to your child’s standardized testing scores from their files. 

 That you allow the school to provide the following information: 

 Ethnicity 

 Free/reduced lunch status 

 ELL 

 Special Education status 

 Child’s name, teacher name and birth date will be given to the research team as part 

of FERPA 

 Allowance. 

 That you allow the activity sheets and assessments completed by your child during 

the research-based lesson and activities to be collected for this study. They will be 

reviewed by the researcher to look at the success of the lessons. All activity sheets 

will contain an ID number, because confidentiality is very important! 

 These activity sheets will not be used for a grade. 

 

If your child is receiving special services, we will ask for the following additional information: 
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 That you allow the researchers access to your child’s Individualized Education Program (IEP) 

for the purpose of recording disability status, instructional scheduling, and current goals and 

objectives. 

 That you allow the researcher access to your child’s most recent Full Individual Evaluation 

(FIE), such as IQ testing, achievement testing, and other scores. 

 Confidentiality is very important to us. Therefore, each child will be assigned a 

unique ID number that will be used to refer to all recorded information. Your 

child’s name will never be attached to the information we gather from his/her 

IEP. We will not make photocopies of any portion of the IEP or FIE. 

 

Total estimated time to participate: your child will be asked to participate in a minimum of 8 hour-

long intervention sessions over a period of 4 weeks.  Additionally, your child will be asked to attend 8 

20-30 minute baseline-testing sessions.  Finally, your child will be asked to attend 4 30-45 minute 

maintenance testing sessions after all intervention sessions have been completed.  All sessions will 

occur after school starting at 4:15pm. 

 

Risks of being in the study 

 The risk of participation in this observation study is minimal and no greater than in everyday 

life. 

 The only potential source of risk is the loss of confidentiality. While this is extremely 

unlikely and all efforts will be made to keep all of the data confidential there is still a slight 

risk of this occurring. 

 This intervention study may involve risks that are currently unforeseeable. If you wish to 

discuss the information above or any other risks you or your students may experience, you 

may ask questions now or call Jacob Thomas using the contact information listed above. 

Benefits of being in the study: 

 Your child may not receive any direct benefits for being in this study. 

 Allowing review of IEP/FIE information will allow us to better understand the instructional 

needs of your child in the classroom. 

 Your child will have the opportunity to learn some new strategies to help him/her with 

mathematics and science instruction. 

Compensation: 

 All students who return this form will receive a small item like a pencil if they decide to 

participate or decide not to participate. 

 Students who attend and complete all intervention and testing sessions will receive a gift 

certificate to attend a movie at a local theatre. 

 Beyond the benefits previously mentioned, additional compensation will not be offered to 

students who participate in this research study. 

 

Confidentiality and Privacy Protections: 

 A unique ID number will be assigned to each child. This number will be used instead of your 

child’s name on all documents. 

 All identifying information will be kept in a locked filing cabinet located within a locked 

office. 

 Only Jacob Thomas and other researchers involved with the study will have direct access to 

identifying information. 

 At the end of the study, all identifying information will be destroyed. 

 



 58 

The records of this study will be stored securely and kept confidential. Authorized persons from The 

University of Texas at Austin and members of the Institutional Review Board, have the legal right to 

review your child’s research records and will protect the confidentiality of those records to the extent 

permitted by law. All publications will exclude any information that will make it possible to identify 

your child as a subject.  Throughout the study, the researchers will notify you of new information that 

may become available and that might affect your decision to remain in the study. 

 

Contacts and Questions: 

If you have any questions about the study please ask now. If you have questions later, want additional 

information, or wish to withdraw your child’s participation call the researchers conducting the study. 

Their names and phone numbers are at the top of this form. If you have questions about your child’s 

rights as a research participant, complaints, concerns, or questions about the research please contact 

the Office of Research Support, (512) 471-8871 or email:  orsc@uts.cc.utexas.edu. 

 

You may keep a copy of this consent form.   

 

 

 

 

 

You are making a decision about allowing your child to participate in this study. Your signature below 

indicates that you have read the information provided above and have decided to allow him or her to 

participate in the study. You may discontinue his or her participation at any time. Please check one of 

the boxes below, sign and return to your child’s teacher.   

 

 _____I want my child to participate in this study. 

 

  ____My child’s IEP and FIE data can be reviewed. 

 

  ____My child’s IEP and FIE data cannot be reviewed. 

 

 _____I do not want my child to participate in this study. 

 

 

 

_________________________________   _________________________________ 

Printed Name of Child     Teacher's Name 

 

 

 

_________________________________   _________________ 

Signature of Parent(s) or Legal Guardian   Date 

 

 

_________________________________   _________________ 

Signature of Investigator     Date 

mailto:orsc@uts.cc.utexas.edu
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Appendix B 
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  Appendix C 

These measures were reprinted with permission by the University of Texas 

System/University of Texas Austin 2011. 
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Ratios/Rates CBM 1 

 
Instructor:   Name:  

Results:   Date:  

Directions:  Read each question carefully, and then circle the letter of the correct 

answer. 

1. There are 35 moles of Magnesium and 15 moles of Barium.  What is the simplified rate 

of moles of Magnesium to moles of Barium? 

a. 7:3 

b. 15:35 

c. 35:15 

d. 3:7 

2. There are 88 liters of a substance for every 4 moles.  What is the unit rate of liters to 

moles? 

a. 22/4 

b. 4/88 

c. 88/4 

d. 22/1 
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3. There were 12 atoms of Chloride and 4 atoms of Gold.  What is the simplified rate of 

atoms of Chloride to atoms of Gold? 

a. 12:4 

b. 3:1 

c. 4:12 

d. 1:3 

4. There are 505 kPa for every 5 atm.  What is the simplified ratio of kPa to atm? 

a. 1 to 101 

b. 606 to 6 

c. 5 to 505 

d. 101 to 1 

5. Jamie had 48 grams of Carbon for every 4 moles of Carbon.   What is the unit rate of 

grams of Carbon to moles of Carbon? 

a. 12 to 1 

b. 8 to 1 

c. 48 to 4 

d. 4 to 48 
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6. There are 9 grams of Helium and 27 grams of Iodide.  What is the unit rate of grams of 

Helium to grams of Iodide? 

a. 9 to 27 

b. 27 to 9 

c. 3 to 1 

d. 1 to 3 

 

7. Amy has 25 moles of Manganese for every 5 moles of Nitrogen.  Which correctly 

shows the work to find the unit rate? 

a. (25/5) x 5 = 5/1 

b. (25/5) x 5 = 125/25 

c. (25/5) ÷ 5 = 5/1 

d. (25/5) ÷ 2 = 12.5/2.5 

8. There are 12 moles of Hydrogen and 18 moles of Selenium.  Which correctly shows 

the work to find the simplified rate? 

a. (12/18) ÷ 6 = 36/54 

b. (12/18) x 6 = 2/3 

c. (12/18) x 2 = 24/36 

d. (12/18) ÷ 6 = 2/3 
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9. What numbers are missing from the table? 

Unit Given Rate Unit Rate Equivalent Rate 

Liter 66   

Mole 3 1 12 

 

a. 22, 264 

b. 3, 66 

c. 44, 8 

d. 1, 12 

 

10. Mrs. Hoff can yield 6 moles of Plutonium from 180 liters of the substance.  Mr. Thomas 

can yield 10 moles of Plutonium from 250 liters of the substance.  Who can produce 

more moles per liter? 

a. Mrs. Hoff 

b. Mr. Thomas 

c. They produce an equal amount of moles per liter 
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Proportions CBM 1 
 

Instructor:   Name:  

Results:   Date:  

Directions:  Read each question carefully, and then circle the letter of the correct 

answer. 

1. Which is a common denominator for the following two ratios? 

    

a. 9 

b. 20 

c. 25 

d. 40 

 

2. The volume of Sulfur is 66 L for every 3 moles. What is the volume of Sulfur when there 

are 12 moles? 

a. 22 L 

b. 11 L 

c. 198 L 

d. 264 L 
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3. Find the missing value. 

 

a. 3 

b. 5 

c. 27 

d. 15 

 

4. Are the ratios proportional? 

 

a. Yes 

b. No 
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5. The volume of Iron is 85 L when the temperature reaches 250 C.  Therefore, the 

volume is 51 L when the temperature decreases to 150 C.  Which proportion matches 

the story? 

a.       =  

b.       =  

c.       =  

d.       =  

 

6. Which is a common denominator for the following two ratios? 

   

a. 12 

b. 20 

c. 40 

d. 48 
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7. The mass of Lithium is 35g for every 5 moles. What is the mass of Lithium when there 

are 11 moles? 

a. 77g 

b. 7g 

c. 5g 

d. 84g 

 

8. Find the missing value. 

 

a. 3 

b. 2 

c. 9 

d. 1 
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9. Are the ratios proportional? 

 

a. Yes 

b. No 

 

10. The volume of Hydrogen is 110 L when there are 5 moles of Hydrogen.  Therefore, the 

volume is 44 L when the number of moles decreases to 2. 

Which proportion matches the previous statement? 

a.   

b.   

c.   

d.   
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Appendix D 

These lessons were reprinted with permission by the University of Texas 

System/University of Texas Austin 2011. 
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Appendix E 
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Appendix F 

Name: 
1. How long have you been at RRHS: 

 Since 9th grade 

 Since 10th grade 

 This is my first year at this school 
 

2. Have you ever been in math tutorials before?  Yes No 
 When:   9th 10th 11th  
 Setting:   In School  After school 

 
3.  Do you like math? 

Yes, totally!  Yes, kind of  Not really  No way! 
 

Think about our time in tutorials. 
1. The strategies used to learn rates/ratios were easy. 

Totally Agree  Kind of agree  Kind of disagree Totally disagree 
 

2. The strategies used to solve rates/ratios problems would be good for my 
classmates to use. 

Totally Agree  Kind of agree  Kind of disagree Totally disagree 
 

3. I liked the strategies I learned to solve rates/ratios problems. 
Totally Agree  Kind of agree  Kind of disagree Totally disagree 
 

4. I think the strategies helped me to do better in science class. 
Totally Agree  Kind of agree  Kind of disagree Totally disagree 
 

5. I liked checking my results to the independent practice. 
Totally Agree  Kind of agree  Kind of disagree Totally disagree 
 
What did you like best about coming to learn about strategies to solve 
rates/ratios problems? 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 
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What was hard for you when learning rates/ratios? 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 

Would you recommend rates/ratios tutorials for your friends? 
What would you tell your friends about our time?   
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 

What, if anything, would you change about the math tutoring time? 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 
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