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Schools do not create mathematical thinkers or learners.  Past curricula have not encouraged students to construct their own knowledge or skills.  Memorizing facts and performing procedures have been the focus in elementary and junior high math classes for many years.  Rote learning without understanding has been detrimental to students’ education (Greenes, 1995) and has produced students who memorize instead of construct, practice instead of reflect, recite instead of question, perform instead of explain, guess instead of choose, calculate instead of solve problems, and quit instead of persevere.  Past curricula have also not emphasized sharing of ideas, group work, context- rich problem solving, or use of technology to extend mathematical abilities (Greenes, 1995).  As of 2007, the Alberta Mathematics Program of Studies has been revised; today’s curriculum is no longer about computation; it focuses on patterns, logical reasoning, and problem solving (Van de Walle & Lovin, 2006).  Indeed, the Alberta Mathematics Program of Studies (2007) states that “A true sense of number goes well beyond the skills of simply counting, memorizing facts and the situational rote use of algorithms” (p. 11).   Although the curriculum no longer emphasizes the traditional methods of computation, many teachers still focus on teaching addition, subtraction, multiplication, and division using the traditional algorithms.  Students are learning the basic methods involving paper and pencil, lining up the numbers, following the steps, and recording the answer.  Even with new resources and professional development opportunities, many teachers do not understand the reasoning behind the changes and the importance of implementing these changes in their classrooms.  Teachers need further support, as it is vital they embrace the findings emerging from past and current research in order to help students develop into genuine learners of mathematics.  To this end, the traditional teaching methods may no longer suffice; According to Wheatley and Abshire (2002), Van de Walle and Lovin (2006), and Fosnot and Dolk (2001), the traditional algorithms are inadequate for today’s learners.  They should no longer be used to teach operations with number because there are problems with the use and understanding of the traditional methods, the teaching of these algorithms is taking away from the curriculum, there are more effective strategies to teach computational fluency, and there is no longer a need for traditional algorithms in today’s society. 


As a result of an inordinate number of hours spent in classrooms learning and using the traditional algorithms for operations, many students still believe that math is about memorizing facts and following rules.  They input numbers and get a numerical output.  They memorize procedures and practice them with progressively longer and more complex numbers.  They do not necessarily understand what they are doing or why; they just calculate an answer, hoping that it is correct and that they properly recorded the steps for their teacher.  Students are experiencing difficulty learning and using these methods correctly as a result of the inherent problems with the algorithms themselves (Van de Walle and Lovin, 2006; Fosnot and Dolk, 2001)).  The problems include: 

· Traditional algorithms are taught in a teacher-directed manner.  Hundreds of hours are spent teaching and re-teaching algorithms for the four basic operations.  Students are repeatedly shown how to perform each step of the procedures in the proper order; they are expected to plug in numbers and perform the same steps.  It takes a large amount of time for students to master these steps; if they do, it is usually at the expense of understanding.  Students who do not learn how to use the algorithms successfully are pulled aside and again shown the steps.  Not only are they re-taught the steps, but also they are typically re-taught in the exact the same way as the first time.  Some students never completely master the algorithms and cannot keep up with their peers (until they get to use a calculator), and others soon forget the procedures.  By grade 6, students are overloaded with trying to remember rules and formulas (and then they get to learn long division with decimals)!  Although it has been argued that “concepts should be introduced using manipulatives and be developed concretely, pictorially and symbolically” (Alberta Mathematics Program of Studies, 2007, p. 15), there is nothing hands-on, constructive, reflective, creative, or deep about memorizing and performing a math algorithm.  There is no time for the development of conceptual understanding if teachers continue to teach the traditional algorithms.  What is more, “Teaching techniques that center on ‘explain-practice-memorize’ are among the main sources of math anxiety because the focus is on memorization rather than on understanding the concepts and reasoning involved” (Sousa, 2008, p. 174).  Students who have bad experiences with math in their early education may never feel confident in their mathematical skills.  Anxiety and lack of confidence may impede their ability to develop a solid foundation on which to build their mathematical knowledge.  Clearly, mathematics only gets more difficult with the introduction of decimals, percent, algebra, ratios, and Calculus.  If a student lacks the basic mathematical knowledge and skills, he or she will struggle as the content and context gets more complex.
· Traditional algorithms are difficult to understand, thus making it easy for students to make errors in the algorithm steps.  If they do not understand the mathematical principles underlying the algorithms, they cannot correct mistakes or know if their answers make sense.  As stated by Fosnot and Dolk (2001), “To be successful in today’s world, we need a deep conceptual understanding of mathematics” (p. 100).  By focusing on the traditional algorithms, teachers are not encouraging students to develop a deep understanding of math; they are not even able to develop an understanding of the algorithms!  They do not understand the relationships between operations or numbers and today’s children are not learning to think multiplicatively or to be fluent and flexible with numbers.  This point is made clear by Van de Walle and Lovin (2006) who suggest that “It is generally accepted that procedural rules should never be learned in the absence of a concept, although, unfortunately, that happens far too often” (p. 8).
· Traditional algorithms focus on digits rather than numbers.  Students are not reflecting on the place value of each digit or working with the number as a whole, which may hamper the understanding of place value.  They are also working from right to left, which places emphasis on the smallest part of the number first, not thinking about the answer until they complete the process.  Moreover, Van de Walle and Lovin (2006) argue that right-handed methods are not natural and are not intuitively learned (p. 105). 
· Traditional algorithms do not support the development of mental math skills or estimation.  Sousa (2008) argues that “Children in the primary grades encounter a sudden shift from their intuitive understanding of numerical quantities and counting strategies to the rote learning of arithmetic facts.  Unfortunately, most children lose their intuition about arithmetic in the process”  (p. 41).  The focus on learning and memorizing algorithms does not permit the practice of mental strategies, further impeding their development.  Also, number sense is compromised because the students are no longer thinking about the numbers or about the math.  Using traditional methods, students do not need to think in order to follow the steps and they do not bother estimating or reflecting on the logic of their answers.  Students needs to develop crucial skills, such as thinking, reasoning, and identifying relationships which will allow them not only a greater understanding of mathematics, but also to function more successfully in society.  Being able to perform algorithmic calculations is one thing, but understanding how to estimate and do mental math will help students not only in school per se, but also in everyday life.  Making purchases, banking, choosing a mortgage, paying off student loans, renovating a house, and cooking, are only a few examples of math in the real world!
· Traditional algorithms are not flexible; they suggest using the same tool on all problems (Van de Walle & Lovin, 2006).  Instead of approaching a problem thoughtfully and creatively, students arbitrarily chose an algorithm and attempt to come up with a solution.  Fosnot and Dolk (2001) are adamant that “using algorithms, the same series of steps with all problems, is antithetical to calculating with number sense. Calculating with number sense means that one should look at the numbers first and then decide on a strategy that is fitting—and efficient” (p. 102).
The teaching of traditional algorithms is taking away from students’ learning of the curriculum and the more important mathematical abilities that they need to develop as mathematical thinkers.  The emphasis needs to be shifted from rote calculation and drill and practice to in-depth concept development through the seven mathematical processes (Alberta Education, 2007).
“Students are expected to:

· communicate in order to learn and express their understanding

· connect mathematical ideas to other concepts in mathematics, to everyday experiences and to other disciplines

· demonstrate fluency with mental mathematics and estimation 

· develop and apply new mathematical knowledge through problem solving

· develop mathematical reasoning

· select and use technologies as tools for learning and for solving problems

· develop visualization skills to assist in processing information, making connections and solving problems” (Alberta Mathematics Program of Studies, 2007, p. 22).

These seven mathematical processes should permeate teaching to enable our students to become mathematically competent and confident.  With these processes in mind, teachers should be engaging their students in context-rich problem solving tasks that can be solved with a variety of approaches and strategies.  These real-world activities will encourage students to construct meaning and develop number sense.  Indeed, “Learning through problem solving is a powerful teaching tool that fosters multiple, creative and innovative solutions.  Creating an environment where students openly look for, and engage in, finding a variety of strategies for solving problems empowers students to explore alternatives and develops confident cognitive mathematical risk takers” (Alberta Mathematics Program of Studies, 2007, p. 8).  Mathematics should be learned through problem solving (Van de Walle & Lovin, 2006; Alberta Education, 2007; Fosnot & Dolk, 2001; Wheatley & Abshire, 2007); students should be working in groups to solve complex problems. Students learn when they are challenged and confused; they develop their own knowledge through their interactions with others (Wheatley & Abshire, 2007).  It becomes necessary for them to work collaboratively to formulate hypotheses, plan investigations, collect, analyze, and represent data, draw conclusions, summarize results, and formulate new problems (Greenes, 1995).  In the course of meaningful problem solving experiences, students build mathematical fluency, construct patterns and identify relationships, and become more confident mathematical thinkers and learners.  Students will learn to think about the problem, think about the math in the problem, and select a strategy to try to solve the problem.  They will learn to take a variety of approaches and to be persistent in their efforts.  Students will learn to take risks, explain their thinking, and create their own problem-solving strategies.  By learning through problem solving, students will develop their mental math skills; they will learn to estimate and calculate fluently without external aides, have a deeper understanding of number, and become more creative and flexible thinkers (Alberta Education, 2007).  Students will become adept at developing effective personal strategies and using them is a variety of contexts.  Mental mathematics “provides the cornerstone for all estimation processes, offering a variety of alternative algorithms and nonstandard techniques for finding answers” (Hope, 1988, p. v, as cited in, Alberta Mathematics Program of Studies, 2007, p. 7).

Effective alternatives to the traditional algorithm exist and support a deeper understanding of mathematics.  For example, “A personal ‘invented’ algorithm is often more meaningful and sometimes equally efficient as a conventional algorithm” (Small, 2009, p. 25); recent curriculum is consistent with these arguments; Alberta Education Program of Studies (2007) indicates that “students are expected to demonstrate an understanding of addition, subtraction, multiplication, and division using personal strategies” (p. 22).  The curriculum for kindergarten to grade nine places emphasis on personal strategies, which are the meaningful steps students develop independently and take to solve problems.  
Van de Walle and Lovin (2006) affirm that there is evidence that children can construct strategies for adding, subtracting, multiplying, and dividing without being explicitly taught.  They maintain that “flexible left-handed methods done mentally with written support are absolutely all that are necessary for addition and subtraction” (Van de Walle & Lovin, 2006, p. 104).  With supportive teachers and in-depth practice, these flexible invented strategies will become very effective for most students.  Furthermore, they have proof that when students learn to multiply or divide by one digit, student will not only be successful using invented strategies, but will also benefit by gaining understanding and flexibility.  They are convinced that if the focus remains on invented strategies instead of shifting to the traditional algorithms, the students will be able to perform even more complex computations.  Moreover, Van de Walle and Lovin (2006) state that personal (invented) strategies offer the following benefits: “Base-ten concepts are enhanced, invented strategies are built on student understanding, students make fewer errors with invented strategies, invented strategies serve students at least as well on standard tests” (Van de Walle & Lovin, 2006, p. 103).  Fosnot and Dolk (2001) concur and encourage the use of a variety of problematic situations rich in context, models, discussions, and questioning to help children construct their personal strategies and knowledge of mathematics.
An additional benefit to student-developed strategies is that teachers are required to teach less; students construct their own knowledge, develop their own number sense and become more proficient with mental computation and estimation.  Students who create and learn with personal strategies can explain their thinking to themselves and to others, which may help teachers identify and correct misperceptions.  Notably, the strategies shared by peers are explored as a group and tried out by others; students can then use strategies that make sense to them.  Teachers are facilitators, supporters, and models for learning.  They develop the mathematics community, plan the activities, and actively participate with the students.  They question and promote sharing and discussion; they encourage trust and risk-taking (Fosnot and Dolk, 2001).


Mathematicians invented traditional algorithms as short cuts for computations in a time when the Smartphone calculator Application did not exist.  In the Middle Ages, merchants and bankers did not have calculators, cash registers, or Excel spreadsheets to keep track of their finances; therefore, algorithms were crucial for calculating in the real world.  With today’s technology; however, there is no need to do computations by hand; “The handheld calculator has now replaced the paper-and-pencil algorithms…to be successful in today’s world, we need a deep conceptual understanding of mathematics” (Fosnot & Dolk, 2001, p. 100).  Indeed, algorithms are no longer fulfilling our students’ needs as mathematical learners, as it is more important to develop deep mathematical understanding and flexible skills for the real world.  Employers do not necessarily need number crunchers; they need problem solvers, creators, and innovators.  There is no need for the traditional methods in today’s society.  In the modern workplace, almost all of the required computation is performed by technology.  

The Alberta Mathematics Program of Studies (2007) further states: “Calculators and computers can be used to: explore and demonstrate mathematical relationships and patterns… assist with calculation procedures as part of solving problems…decrease the time spent on computations when other mathematical learning is the focus… reinforce the learning of basic facts… develop personal procedures for mathematical operations…develop number sense” (p. 9).  All of these skills are essential while learning mathematics; calculators and other technology are useful in developing these skills.  By helping students focus on understanding, number sense, and mental math, teachers will help them become fluent in addition, subtraction, multiplication, and division.  Once the numbers are too complex or difficult for them to handle, they will be able to accurately and confidently use technology.  Students who have competent mental math skills “become liberated from calculator dependence, build confidence in doing mathematics, become more flexible thinkers and are more able to use multiple approaches to problem solving” (Rubenstein, 2001, p. 442, as cited in Alberta Mathematics Program of Studies, 2007, p. 7).  It is very important that students can decide when to compute by hand, when to use technology, and when estimation will suffice.  As the math gets more complex, as it will in real-life situations and context-rich problems, students should feel confident in their abilities to use a calculator or other forms of technology (Fosnot & Dolk, 2001).  

In conclusion, researchers, academics, educators, and classroom teachers agree that, in today’s world, all mathematical learners must understand more than the basic skills related to numbers and operations. Today’s learners need to have a global understanding, a deep comprehension of numbers and operations. The research shows that using a variety of methods and personal strategies to solve whole number operations is best for student learning (Fosnot & Dolk, 2001; Alberta Education 2007; Small, 2009; Van de Walle & Lovin, 2006), and although traditional algorithms may be beneficial for some students, they may only be beneficial after students have a deep, conceptual understanding of the mathematics.  Exploring algorithms and figuring out how they work may be an interesting process; however, they should not be the principal method of computation instruction.  Although teachers are attempting to teach the new curriculum, many do not feel comfortable teaching in a way that they were not taught.  They may not have a deep understanding of math because they learned by rote memorization and practice.  Teachers need to be empowered with the skills and attitudes to become lifelong learners themselves; they need to take risks in the classroom and become persistent in their efforts to learn and help their students learn.  Teachers are no longer the keepers of knowledge; they are the facilitators of learning; “They must know mathematics well and know what students know about mathematics.  They must design learning environments that provoke students’ curiosity and challenge them to explore new ideas.  They must mentor students during their explorations and be the conveners, and architects, of the mathematical learning community” (Greenes, 1995, p. 64). Teachers need to learn how to live in a world without long division!
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