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	A Bit More on Cognitive Demand 

As part of document analyses, what students are expected to do with content is thought about in terms of two levels of cognitive demand skills.  The low level includes skills that require students to recall facts or definitions, recognize or identify, perform routine calculations, estimate, classify and compare. The advanced level requires students to problem solve and reason. Problem solving includes using a variety of strategies to problem solve, developing strategies and predicting.  Reasoning includes developing algorithms, describing solution procedures, generalizing, conjecturing, justifying, proving, and axiomatizing.  

Several examples of the rigor of the cognitive demand, directly from the West Virginia objectives follow. 

Grade 1 

M.O.1.5.2: conduct simple experiments, record data on a tally chart or table and use the data to predict which of the events is more likely or less likely to occur if the experiment is repeated. 

M.O.1.2.4: create and analyze number patterns based on real-life situations using words, AB form and T-charts and present results. 

Grade 2

M.O.2.1.8: model and justify the relationship between addition and subtraction (e.g., identity element of addition, associative property, commutative property, inverse operations, fact families). 

M.O.2.1.13: create story problems that require one or two-step procedures, using a variety of strategies explain the reasoning used, justify the procedures selected and present the results. 

Grade 3 

M.O.3.4.3: determine the formula of the area of a rectangle and explain reasoning through modeling. 

M.O.3.2.1: analyze and extend geometric and numeric patterns. 

Grade 4 

M.O.4.1.3: estimate solutions to problems including rounding, benchmarks, compatible numbers and evaluate the reasonableness of the solution, justify results. 

M.O.4.1.8: solve multi-digit whole number multiplication problems using a variety of strategies, including the standard algorithm, justify methods used. 

M.O.4.3.7: select, analyze and justify appropriate use of transformations (translations, rotations, flips) to solve geometric problems including congruency and tiling (tessellations). 

Grade 5 

M.O.5.1.4: use inductive reasoning to identify the divisibility rules of 2, 3, 5, 9, and 10 and apply the rules to solve application problems. 

M.O.5.1.7: analyze and solve application problems and justify reasonableness of solution in problems involving addition and subtraction of:  

· fractions and mixed numbers 

· decimals.  

M.O.5.2.1: use inductive reasoning to find missing elements in a variety of patterns (e.g., square numbers, arithmetic sequences). 

Grade 6 

M.O.6.1.9: develop and test hypotheses to derive the rules for addition, subtraction, multiplication and division of integers, justify by using real-world examples and use them to solve problems. 

M.O.6.2.2: use inductive reasoning to extend patterns to predict the nth term (e.g., powers and triangular numbers). 

M.O.6.3.2: use inductive reasoning with the measures of interior angles in polygons and derive the formula to determine the sum of the measures of the interior angles. 

M.O.6.4.4: develop strategies to determine volume of cylinders; solve real-world problems involving volume of cylinders, justify results. 
	West Virginia Mathematics Objectives – Effective July 2008
· The topics introduced in the early grade CSOs were necessary to ensure alignment to the 65 fourth grade NAEP objectives and the 83 eighth grade NAEP objectives.
· See explanation below in terms of the required introduction of topics as aligned to NAEP, recommendations by NCTM’s Curriculum Focal Points, and alignment to Singapore’s Curriculum.

· Coordinate Systems:  NCTM recommends introducing coordinate geometry concepts in 5th grade.  Singapore introduces 2-D Geometry at first grade and the coordinate system at 3rd grade.  WV’s first grade objective for coordinate geometry is M.O.1.3.7 – find and name locations on first – quadrant grid.
· Transformations including Patterns and Symmetry:  NCTM recommends introducing Symmetry as early as grade 1.  Singapore introduces symmetry at grade 4.  WV introduces patterns, symmetry and prime numbers early to prepare for NAEP.
· 3-D Geometry and Measurement Estimation:  NCTM recommends introducing 3-D Geometry in Kindergarten.  Singapore  

           introduces measurement estimation in 2nd 
           grade.   WV introduces both in Kindergarten. 

· Congruence and Similarity; Patterns, Relations and Functions:   NCTM recommends introducing the initial understandings of congruence & similarity at first grade and patterns, relations and functions as early as Kindergarten.  Singapore introduces patterns in first grade and patterns/relations in second grade.  WV introduces patterns, relations and functions in Kindergarten. Congruence and similarity are introduced in first grade in WV.
· Uncertainty and Probability:   Probability plays an important role in statistical analysis. Every student should be able to use sound statistical reasoning to intelligently cope with the requirements of citizenship and employment.  Endorsed by the American Statistical Association, the GAISE (Guidelines for Assessment and Instruction in Statistics Education Report – A Pre-K-12 Curriculum Framework, 2007) report incorporates the NCTM Pre-K through 12 Data Analysis and Probability Standards when conceptualizing the structure for statistical education that gives a coherent picture of the overall curriculum.  The new curriculum focal points from NCTM recommend Probability to be introduced at 7th grade.  WV introduces probability at first grade due to the GAISE report, NAEP and it supports scientific inquiry.

· Future revision of math objectives will clarify content coverage related to Number Theory at the second and third grade level if we find this area to be problematic.
· WV CSOs follow NAEP, NCTM and Singapore in the coverage of topics related to whole numbers, fractions and decimals.

· WV 7th grade objective M.O.7.3.1 requires students to identify and construct perpendicular bisectors of segments and angle bisectors.  WV teachers must use a compass and a straightedge, Geometer’s Sketchpad and/or other 21st century technology tools to perform constructions (which addresses the identified concern).

· West Virginia has made a commitment to increase rigor and raise the depth of knowledge levels of all objectives to ensure our students have the necessary higher level thinking skills to solve math application problems in real world situations.  Regarding findings that WV demonstrates a high level of cognitive demand, this is evidence of WV effectively and appropriately balancing low levels of recall and routine with advanced levels of problem solving and reasoning.  
· This increase in advanced cognitive demand from grade one at 25% to grade eight at 80% is in alignment with  the recommendations of the “Depth of Knowledge and Alignment Study” of Dr. Norm Webb.
· “Reasoning and proof should be a consistent part of a student’s mathematical experience in pre-kindergarten through Grade 12.  Reasoning mathematically is a habit of mind, and like all habits, it must be developed through consistent use in many contexts.” (NCTM 2000) “Justifying” is the kind of thinking that instruction at all grade levels should be encouraging.
· National Math Panel Findings (March 2008) “A major research finding is that what is developmentally appropriate is largely contingent on prior opportunities to learn.  Claims based on theories that children of particular ages cannot learn certain content because they are too young, not in the appropriate stage, or not ready have consistently been shown to be wrong.  Nor are claims justified that children cannot learn particular ideas because their brains are insufficiently developed, even if they possess the prerequisite knowledge for learning the ideas.”  
· WV’s high school mathematics curriculum follows the single-subject sequence of Algebra I, Geometry and Algebra II.   
· West Virginia has developed CSOs with higher level thinking skills in order to align with 2005 NAEP’s sixty-five 4th and eighty-three 8th grade objectives (Schmidt’s analysis is based on 1995 TIMMS Standards).  In addition, WV had developed CSO’s aligned with Dr. Norm Webb’s four levels of depth of knowledge.
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