
SECTION 1

Research 

Basis of onRamp to Algebra 
onRamp to Algebra is designed for students who are two to three years behind in 
mathematics and not ready for algebra. These students typically have unreliable but 
real knowledge about multiplication, division, decimals, and fractions. They can tackle 
problems but produce too many incorrect answers. Many have developed negative 
attitudes toward learning mathematics and are more inclined to quit prior to successful 
completion of problems. 

The onRamp curriculum has been designed to help these students overcome their 
weaknesses. It is a research‑based approach that enables them to catch up with the rest 
of their peers. Unlike traditional “catch‑up” programs, which are remedial in nature 
and rely on repetition of previously unsuccessful methods, onRamp to Algebra uses 
an approach that accelerates student learning up to the level needed for advanced 
mathematics courses. 

The onRamp design principles emanate from examination of successful programs with 
proven results and thorough understanding of contemporary educational research. 
Ramp-Up to Algebra, on which onRamp to Algebra is based, was designed from algebra 
down: What will students need to know when they get to algebra? That is the focus of this 
curriculum: a clear and efficient path from arithmetic to algebra (Lodholz, 1990; Kieran & 
Chalouh, 1993; Gelfand & Shen, 1993; Chazan, 2000; Wu, 2001).

Although many at‑risk students have prior mathematical knowledge, their knowledge is 
often incomplete, and disorganized. onRamp to Algebra can work well for these students 
by making the most of the knowledge they already have, an approach explained by 
educational researcher Malcolm Swan:

Rather than assuming that all learners begin as blank slates, we make every 
effort to recognize the understandings (and misunderstandings) that learners 
have already constructed for themselves and bring to the lesson. Cognitive 
conflict occurs when learners realize that there are inconsistencies between their 
existing beliefs and observed events. This happens, for example, when a learner 
completes a task using more than one method and arrives at conflicting answers. 
Tasks are carefully designed so that such conflicts are likely to occur. Our research 
has shown that such conflicts, when resolved through reflective discussion, lead 
to more permanent learning than conventional teaching methods, which avoid 
learners making “mistakes.” (Swan, 2004)

In this curriculum, the emphasis is placed on revising misconceptions. Revising 
misconceptions is different from initial teaching. Misconceptions interfere with initial 
teaching. That is why repeated initial teaching does not work. 

The research literature consistently indicates that misconceptions are deeply 
seated and not easily dislodged; in many instances, students appear to overcome 
a misconception only to have the same misconception resurface a short time 
later. This phenomenon is probably a result of the fact that when students 
construct learning, they become attached to the notions they have constructed. 
Therefore students must actively participate in the process of overcoming their 
misconceptions. (Lochhead & Mestre, 1988)
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The lessons and units in onRamp to Algebra are designed to explicitly uncover the most 
common misconceptions. Other problematic conceptual misunderstandings are addressed 
in the unit Teacher Editions. An additional resource is the Online Concept Book, where 
all concepts are carefully explained. This serves as a resource for teachers, students, 
and parents.

Why Do We Need onRamp to Algebra?
Students who enter high school unprepared for the sequence of courses that lead through 
algebra toward college have little chance of catching up. OnRamp to Algebra proposes a 
more efficient plan—prepare students before they take their first algebra course.

Algebra is a gateway. High school mathematics courses have long determined to whom 
the opportunity to succeed in college is delivered or denied (Achieve, Inc., 2004). A study 
conducted for Achieve, Inc.’s American Diploma Project found that

College instructors estimate that half (50%) of the students at their school are not 
prepared to do college-level math. . . . Large proportions of employers say that 
they are dissatisfied with graduates’ ability to read and understand complicated 
materials (41% of employers are dissatisfied), to think analytically (42%), [and] to 
apply what they learn to solve real-world problems (39%). (Achieve, Inc., 2005)

In short, the study found that the lack of quality high school mathematics education has a 
direct, negative impact on graduates’ ability to succeed in college and in the workplace 
(Achieve, Inc., 2005). 

Zalman Usiskin, of the University of Chicago, highlights the specific importance of a 
successful algebra education. Arguing against the widely‑held misconception that algebra 
has no application in the “real world,” Usiskin writes that:

Without a knowledge of algebra,

•	you are kept from doing many jobs or even entering programs that will 
get you a job;

•	you lose control over parts of your life and must rely on others to do things 
for you;

•	you are more likely to make unwise decisions, financial and otherwise; and

•	you will not be able to understand many ideas discussed in chemistry, physics, 
the earth sciences, economics, business, psychology, and other areas.

In these matters, algebra has much in common with reading, writing, and 
arithmetic: Lack of knowledge limits your opportunities. (Usiskin, 1995)

There are many possible paths through the spectrum of topics in mathematics. Some paths 
are more efficient than others. The comparisons in the Trends in International Mathematics 
and Science Study (TIMSS) (Schmidt, Houang, & Cogan, 2002; Stigler & Hiebert, 1999; 
Mullis et al., 2000; Mullis, Martin, Gonzalez, & Chrostowski, 2004) as well as the Second 
International Mathematics Study (SIMS) (McKnight et al., 1987) before them, have criticized 
the U.S. curriculum for being a mile wide and an inch deep. In the table from the 2007 
TIMMS test, shown on the next page, U.S. scores lag Asian countries and some European 
countries for both algebra in particular and math overall.
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TIMMS 2007   Average mathematics content and cognitive domain scores of 
eighth-grade students

Country 
TIMMS scale average

Number 
500

Algebra 
500

Chinese Taipei 557 617

Korea, Rep. of 583 596

Singapore 597 579

Hong Kong SAR 567 565

Japan 551 559

Russian Federation 507 518

Hungary 517 503

United States 510 501

England 510 492

Czech Republic 511 484

Lithuania 506 483

(Highlights from TIMSS 2007, Natinal Center for Educational Statistics)

TIMSS comparisons found that the leading countries use curricula that are more focused. 
These curricula concentrate on fewer topics in greater depth, just as onRamp to Algebra 
focuses on the mathematics that students must understand in order to succeed in college 
preparatory mathematics.

In onRamp to Algebra, the most important concepts are carefully sequenced so that the 
foundations for advanced mathematics are firmly built. In constructing each lesson, critical 
questions were asked

•	What will students need to know later?

•	 In what form will students need to remember and use the concepts of 
this lesson?

•	What makes these concepts hard to learn?

•	What cultural barriers will students of linguistically diverse backgrounds face, 
and what strategies can be implemented for these students?

Concepts are taught so that students make connections with previously acquired 
knowledge and newly learned information and, most important, are able to apply new 
knowledge to a range of mathematical situations. This course is designed to accelerate 
students from at-risk status to competitive levels of algebra success.
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How Is onRamp to Algebra Unique?
onRamp to Algebra is a customized mathematics program; it is not a low‑level math 
curriculum. It is unique in that it employs the most elementary aspects of algebra, including 
basic notation and graphical representations, to build the fundamentals of arithmetic. 
onRamp to Algebra leads students back through arithmetic to fill holes or realign their 
understanding, and it does so from an algebraic perspective. Research shows that students 
do not balk at simple algebra, as long as it complements their current skill level. In fact, 
students have described feeling more confident and competent simply because they had 
begun using more “advanced‑looking” algebra.

In onRamp to Algebra, a carefully designed progression of problems throughout lessons 
and units illuminates concepts from different perspectives. The variety of problems in 
each lesson pulls students beyond rehearsal and into thinking strategically about the 
problem and its mathematics. The classroom follows a workshop model with the teacher as 
facilitator, asking probing questions that encourage metacognition and synthesis.

Problems are designed to provide natural learning environments through authentic and 
meaningful “real‑world” problems. Concepts and problem solving are balanced by skills 
practice, which is regular and efficient, focusing only on facts and procedures that should 
be automatic. The underlying conceptual basis for the skills is built into patterns among 
the problems (Wu, 1999). Practice time for skills, included in the homework, is brief 
and optimal.

onRamp to Algebra takes place during a 45‑minute class period and uses a flexible workshop 
design. In the lessons, the careful building of mathematical concepts allows students to 
examine these concepts in greater depth; through explicit instruction, discussion, and 
exploration of strategies, students solve problems rather than simply find answers. The 
rituals and routines of the Workshop provide teachers a flexible class structure with fewer 
management issues—they have time to work with individuals or to form small groups.

onRamp to Algebra is based on the expectation that students need to achieve three 
primary proficiencies essential for a solid understanding of mathematics and an adequate 
preparation for more advanced mathematics: 

•	Reasoning Students need to learn how to use their knowledge of mathematics 
to explain their reasoning. They need to learn to justify why strategies work 
in math situations, when they work, and if they always work. Students must 
know that sound reasoning is backed by solid and universally accepted rules, 
definitions, and strategies. The rich and varied problems in onRamp to Algebra, 
combined with probing questioning techniques, require students to engage 
them at a metacognitive level.

•	Language onRamp to Algebra takes an algebraic perspective of arithmetic; 
it uses algebra to make arithmetic easier to understand. Developing a deeper 
understanding of the concepts and what they truly mean builds a common 
language and a comprehensible path to algebra. In addition, students (and 
teachers) must make a commitment to use the academic language, technical 
terms, definitions, and mathematical descriptions that apply to the whole of the 
mathematics discipline, rather than to mathematics specific to the situation. 

•	Applications Students are able to use mathematical concepts to analyze 
and understand new problem situations. This strategy is sometimes called 
a “quantitative perspective.” In other words, students need to be able to 
see relationships among quantities, to see how mathematics can model 
these relationships in situations that are familiar to them, and to use general 
mathematical concepts in manipulations of these quantities to solve 
new problems.
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onRamp to Algebra places a priority on students’ understanding of fundamental concepts 
(not rules) and students’ knowledge of how to employ these concepts (not procedures). 
Skills practice is a daily part of each day’s homework and focuses on facts and procedures 
that should be automatic. The problems in the Skills section are designed for students to 
see relationships and patterns in the number system. Opportunities to practice skills are 
also included in lessons. 

onRamp to Algebra is a streamlined curriculum, and the Workshop provides a successful 
alternative classroom model for student success. Students concentrate on far fewer 
concepts, yet these concepts are essential and create a complete curriculum. Students 
work with fewer problem situations, yet these situations are re‑used, expanded, or modified 
throughout lessons, units, and the curriculum to create a rich and familiar stage for 
conceptual development.

onRamp to Algebra intentionally chooses depth over breadth in order to develop the 
conceptual strength and reasoning prowess that students need to be successful in algebra. 

Issues for At-Risk Students
Students who are behind to some degree will have a history of arithmetic issues. This needs 
to be acknowledged, but these students must also be kept on the road to algebra. Many 
situations can contribute to a setback in achievement. It is important to remember that the 
competence levels represented in your onRamp to Algebra group will vary widely.

Students May Lack Metacognitive Control

Research shows that students who make a lot of mistakes in executing procedures do not 
necessarily lack procedural knowledge. If students know a procedure and have practiced it, 
but do not have a solid conceptual understanding of when and why to use this procedure, 
they will have no basis for recognizing or understanding mistakes they make. When this 
is the case, it becomes exceedingly easy and probable for a student’s whole system of 
mathematical reasoning and understanding to break down.

onRamp to Algebra students may not notice small errors or flaws in their computation 
and will be less likely to “track back” and locate errors as the source of larger problems in 
their reasoning. onRamp to Algebra strives to build students’ fundamental mathematical 
understanding so that they can monitor themselves and self‑correct along the way.

Students May Have Misconceptions

Students make decisions and proceed with problem solving based on some idea of “how 
things work mathematically.” Students do not lack concepts; they just hold too tightly to 
mistaken ones. The challenge is to help students consciously engage in an examination 
of their flawed conceptual understandings and then learn to fix them. The nature of the 
Workshop centers on this kind of questioning and revision of thinking.

This curriculum is based on the strongly held belief that with extra effort, time, and teaching, 
even struggling students can learn the advanced topics required for them to be ready for a 
formal algebra class. With onRamp to Algebra, teachers can help students gain conceptual 
understanding. Once their understanding is in place, students can then explore associated 
procedural knowledge. Students will know what they are doing and why. This approach 
is efficient in terms of the curriculum; concepts build on concepts, but procedures do not 
build on procedures. onRamp to Algebra aims to bring students up to speed, give them 
confidence, and prepare them for college‑prep mathematics.
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Principles of Effective Mathematics 
 Intervention for Struggling Students 

by Russell Gersten, Ph.D.

Dr. Russell Gersten is the Executive Director of the Instructional Research 
Group, an education research institute in Los Alamitos, California, as well as 
professor emeritus in the College of Education at the University of Oregon. He 
is also a nationally renowned expert in research design and implementation, 
special education, math instruction, and translating research into practice. He 
is the former Co-Chair of the Instructional Practices Committee on the National 
Math Panel’s Foundations for Success Report. Dr. Gersten is also chair of the 
panel which developed the Institute of Education Sciences (IES) Practice Guide 
Assisting Students Struggling with Mathematics: Response to Intervention (RtI) 
for Elementary and Middle Schools and recently co-edited a book on RtI in 
Mathematics for Paul H. Brookes.

Before planning for effective mathematics instruction, one should take into consideration 
the small, but solid body of rigorous research that exists in identifying the most effective 
practices to use with struggling math students. In this message, you can find out what some 
of these practices are and discover resources that can lead you to additional information to 
guide you in planning successful interventions. Choices are made more intelligently when 
you can balance your knowledge of the research with what you know about your students, 
their needs, and the learning environment you wish to create.

In the past decade, an emerging consensus has developed about the essentials for algebra 
readiness and its importance and relevance to later mathematics learning. Undeniably, 
algebra is the one subject that students will need if they are going to experience later 
success in any one of many professions ranging from chemists to engineers to architects. 
For students, teachers, and parents, the message is clear: algebra readiness prevails as 
the most important goal in mathematics learning at the middle school level. The National 
Mathematics Advisory Panel, a Presidentially appointed Panel that I served on, concluded 
that success with rational numbers––fractions, decimals, ratios and proportions––are 
essential topics to be covered as students get ready for algebra. This entails not only 
fraction computation but also understanding of the mathematical ideas that underlie these 
topics. The Panel concluded that “failure to attain basic facility with fractions constitutes 
an obstacle to progress to more advanced topics in mathematics including algebra—and 
presumably career paths that require mathematical proficiency. . . .” (National Mathematics 
Advisory Panel (NMAP), 2008, p. 4‑xvi). 

At the time we wrote the report five years ago, we could not locate any solid research 
on algebra readiness. However, we were able to locate a small body of rigorous research 
that addressed the most effective practices for teaching mathematics to students in the 
“at risk” category. We summarized these principles in the National Mathematics Panel 
report and examined them in greater depth, with greater statistical sophistication in a 
subsequent article, which was published in Review of Educational Research in 2009, 
entitled “Mathematics instruction for students with learning disabilities: A meta‑analysis of 
instructional components.” 

The rest of my comments are devoted to highlighting these effective practices for teaching 
mathematics to struggling students. Table 1 lists the key instructional practices that have 
been found to be associated with successful interventions. 
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Table 1

Key Instructional Practices

Explicit and Systematic Instruction

Visual Representations of Mathematical Ideas

Linking and Connecting of Mathematical Ideas and Procedures

Large doses of Varied Word Problems with Ample Practice

Thinking Aloud while Solving Problems

Mathematical Reasoning

Peer-mediated instruction

Progress Monitoring and Formative Assessment

The key finding in the Instructional Practices’ section of the Report was that explicit and 
systematic instruction was a key component of instruction for this group. However, 
the Panel did not define this type of instruction as teacher‑directed instruction or direct 
instruction as it once had been. Rather we noted that it “entails teachers explaining 
and demonstrating specific strategies, and allowing students many opportunities to ask 
and answer questions and to think aloud about the decisions they make while solving 
problems.” (NMAP, 2008, p. 6‑xvi).

Because this finding is recurrent and this practice is so potentially promising, we discussed 
this practice in depth. First, we found in reviewing the rigorous research that there is far 
from one method for teaching explicitly and systematically, despite what some “experts” 
might say. Second, the word, systematic, needs to be taken seriously. Although the various 
interventions varied in many ways, all of them used a very systematic approach to build 
proficiency. This does not suggest that the methods used are dull or boring, but that they 
utilize a somewhat methodical, step‑by‑step, or ordered and logical process. This kind 
of teaching requires teachers to carefully sequence the problems they are planning on 
teaching during early acquisition of new procedures (Jayanthi & Gersten, 2011, p. 116). 
Teachers can also systematically introduce problems they teach to control the difficulty 
level of the task being learned such as concrete to abstract, easy to hard, or simple to 
complex. (e.g., fractions or algebraic equations can be taught first with concrete examples 
then with pictorial representations, and finally in an abstract manner (Jayanthi & Gersten, 
2011, p.115).

Explicit instruction also implies that students be given plenty of practice on problems 
with feedback. Because many of the students requiring interventions have problems with 
working memory (e.g. Swanson & Beebe‑Frankenberger, 2004), they are likely to need a 
good deal more practice (with feedback) than their peers. This would suggest that students 
continue to work with a new concept or idea or procedure for up to five or six days. This is 
critical for virtually every new concept or procedure they encounter. 
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Another key principle intrinsically intertwined with the notion of explicit instruction—
although, to date there is little empirical evidence to support its use—is the 
recommendation that teachers not only model the steps needed to perform a procedure 
but that they also allude to the mathematical reasons why they chose a step (e.g. such 
as fraction division or “reducing” a fraction into a fraction involving two prime numbers). 
Good modeling requires teachers to think aloud the steps they take to solve both easy 
and difficult problems and, more importantly, the decisions they make as they navigate 
their way toward the solution. (Jayanthi & Gersten, 2011, p. 114). Often, this can involve 
the use of visual representation such as a number line or strip diagram. Teachers need 
not do all the explaining. This can be an excellent means for students to provide reasons. 
Again, for this group, multiple models with a range of examples are critical (e.g. Engelmann 
& Carnine, 1982; one of the Jon Star studies on this topic).

Obviously, the use of peer-mediated instruction (e.g., structured cooperative groups or 
dyads) is the perfect venue for students learning how to express mathematical ideas in 
their own words and beginning to learn how to articulate their reasons for using a particular 
strategy. The key finding from the research is that these groups need a clear structure to 
them; that teachers need to spend some time at the beginning of the term teaching this 
structure to students; and, that it is a good idea to provide prompts to guide students in 
their attempt to articulate mathematical ideas.

Current trends also point toward encouraging the use of visual representations of 
mathematical ideas. This movement was stimulated by several studies of mathematics 
curricula in high performing nations and advances from the area of cognitive psychology. 
Much of mathematical thinking is not easily expressed in words. Visual representations 
or diagrams often help in the process of analyzing a problem. Number lines are the most 
crucial mathematical representation for students to learn. They are stressed heavily in the 
Common Core State Standards (National Governors Association Center for Best Practices, 
Council of Chief State School Officers, 2010) and need to play a critical role in middle 
school mathematics. Strip diagrams such as the one in Figure 1 are a great way to transition 
students into the more abstract number line, especially when dealing with decimals 
and fractions. In this example, students are asked to solve a fractions problem using a 
strip diagram. Students are asked to show how much money Ms. Jones had at first when 14
of her money was given to charity and 12 of the remainder was given to her mother and she 
had $240 left (Beckman, 2011, p. 201).

Figure 1

$ 240

?

Visual representations like this one can and should be used to help students organize and 
make sense of the information before translating it into a mathematical notation.
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One finding we gleaned from the rigorous research on teaching mathematics to at‑risk 
learners was that students perform better when teachers use visual representations in their 
instruction and this is followed by mandatory student use of the same visual to understand, 
simplify and solve problems (Jayanthi & Gersten, 2011, p. 117). Students do not perform 
as well when asked to develop their own diagrams from scratch. It is more beneficial when 
they use visual representations prescribed by the teacher designed specifically to address 
a particular problem type, rather than one that is self‑selected (Baker, 1992; Xin et al., 
2005; Gersten et al., 2009; Jayanthi & Gersten, 2011, p. 118).  Visuals have been used 
successfully with teaching students to solve word problems (e.g., Jitendra, et al., 1998; 
Fuchs, L., Fuchs, D., & Prentice, K., 2004).

A valuable key principle to keep in mind as you implement these effective practices is 
linking and connecting big mathematical ideas to each other as well as helping students 
link the numerous procedures and algorithms they are learning. We recommend that 
students get large doses of varied word problems to solve. It’s important to expose them 
to all possible variations of the problem while simultaneously highlighting the common 
but critical features of seemingly disparate problems (e.g., while teaching students to 
solve problems that require them to divide a given unit into half, a variety of problems 
can be presented that differ in the way the critical task of half is addressed in the problem 
(e.g., use symbol for half, use the word half, use the words one half, Owen & Fuchs, 2002) 
Jayanthi & Gersten, (2011, p. 115).

As educators face the challenge of creating standards‑based curriculum systems, they must 
devise ways to understand a student’s current knowledge and to connect that knowledge 
to instruction. Since the early, important work on effective schools by Ron Edmonds (1983), 
the use of progress monitoring has been highlighted as a way to do this. A long line of 
research since the 1990s has supported a seemingly counterintuitive idea––that progress 
monitoring assessments should a) all be of equal difficulty and b) contain not only items 
covered during the past one or two weeks, but also c) contain items on procedures and 
concepts previously taught that year, and d) include material that has not yet been taught. 
The last point is the most counterintuitive and most controversial. There are several reasons 
why this procedure is recommended (e.g., Stecker and Fuchs, 2000). The first one is that 
if all measures are of equal difficulty, then you can graph a student’s progress via Excel 
or some other program, just as you can track blood pressure or weight. If weekly tests 
are the sole means of monitoring progress, the difficulty will vary from week to week, 
depending on how hard the topic is, or how hard the particular brief set of test items are. 
An advantage of a progress monitoring type of assessment is that it not only assesses 
how much the student learned that week, but also provides a snapshot of how much of 
previously taught material the student retained. Items covering material not yet taught 
would provide a quick gauge of the extent to which a student can use current knowledge 
to solve new problems. Remember that there is virtually always more than one way to 
correctly solve a mathematics problem, and this type of information is potentially of high 
interest. The drawback of this type of assessment is that it does not provide diagnostic 
information, nor information on whether a student has mastered the specific material 
covered that week. However, formative assessments can be used for this purpose. A mix 
of curriculum‑based progress monitoring measures and the more standard formative 
assessments allows you to know which students require additional assistance. Finding time 
for working with these students, either individually or in a small group, is critical.
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Improving mathematics instruction can get really complicated and it does require ongoing 
attention. The practices presented here set the major tone regarding the best practices in 
mathematics instruction. They are offered to reduce some of that complexity by giving you 
some simple ideas you can put into practice right away. In districts where these practices 
occur, student achievement is high. Employing them will undoubtedly move students 
toward being the mathematical thinkers we want them to be. 

Note: The author wishes to thank Dr. Mary Jo Taylor for her assistance with this article.
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