
GRADE ONE - CONTENT STANDARD #8:  PATTERNS & CONTENT STANDARD #9:  ALGEBRA & FUNCTIONS 


OVERVIEW

Patterns, relationships, and functions constitute a unifying theme of mathematics.  Mathematics is often regarded as the science of patterns.  Most of the major principles of algebra and geometry emerge as generalizations of patterns in number and shape.  

All of the content standards are interconnected, but the patterns standard is one that is particularly closely tied to all of the others.  This is because pattern-based thinking is regularly applied to content in number sense, geometry, operations and discrete mathematics.  There is, however, a very special relationship between patterns and algebra.  Algebra provides the language in which we communicate the patterns in mathematics.

The language of Algebra describes patterns and relationships in a concise way.  It is a tool that can be and is used to model real situations and answer questions about them.  It is also a way of operating with concepts at an abstract level and then applying them, often leading to the development of generalizations and insights beyond the original context. 

The Algebra of the Connecticut Frameworks moves us away from a focus on manipulating symbols to include a greater emphasis on conceptual understanding, on algebra as a means of representation, and on algebraic methods as problem-solving tools.  This change in emphasis reflects the changes in technology and the resulting changes in the needs of society.

The major skill area of algebra is Representation.  Representation ability involves 1) interpretation of mathematical relationships shown in many forms, 2) matching different representations of the same relationship; for example, descriptions in words matched with graphic displays, 3) creation of multiple representations of the same relationship, and 4) recognition of how a change in one representation of a relationship effects a change in other representations of the same relationship.  The big ideas in algebra are proportional reasoning, balance, variable, function, inductive reasoning (the ability to examine particular cases, identify patterns and relationships among those cases, and extend the patterns and relationships) and deductive reasoning (the ability to infer a new relationship from information gleaned from two or more stated or displayed relationships).

INSTRUCTIONAL FOCUS

At the K-4 level development of pattern-based thinking, i.e. using patterns to analyze and solve problems, is an extremely powerful tool for doing mathematics, and leads in later grades to an appreciation of how functions are used to describe relationships.  The key components of pattern-based thinking at the early grade levels are recognizing, constructing, and extending patterns, categorizing and classifying objects, and discovering rules.

In grades PreK-2, children should recognize, construct and extend patterns with pattern blocks, cubes, toothpicks, beans, buttons and other concrete objects.  Children in PreK-K can recognize patterns in motion, color, designs, sound, rhythm, music, position, sizes, and quantities.  They are very aware of sound and rhythm, and can clap out patterns that repeat, such as clap-clap-clap-pause, clap-clap-clap-pause, etc.  They can sit in a circle and wear colored hats which make a pattern, such as red-white-blue, red-white-blue.  One child can walk around the circle and tap successive children in an arm-shoulder-head pattern and identify who the next person to be tapped on the head would be if the pattern were to be continued.

In addition to repeating patterns, students should have experiences with expanding patterns.  They can indicate such a pattern by using motion: skip-jump-turn around, skip-jump-turn around, skip-jump-jump-jump-turn around, and so on.  Songs are excellent sources of repetition and patterns.  Children’s literature abounds with stories that rely on rhythm, rhyming, repetition and sequencing.  As students move on to Grades 1 & 2, they should start to create their own patterns and develop pictorial and symbolic representations of those patterns.  The transition is from working with patterns using physical objects to using pictures, letters, and geometric figures in two and three dimensions, and then to using symbols, such as words and numbers, to represent patterns.

Discovering a rule and input-output games (functions) are two other settings in which primary children enhance their work and their skills with patterns.  The children might be asked to solve the mystery of the crackers as the teacher slowly and deliberately gives every boy two crackers and every girl four crackers one day during snack time.  The inequity is addressed, of course, as soon as the children solve the mystery by discovering the rule that the teacher was using.  On a different day, first graders can be told that they may request between 3 and 5 crackers for snack.  But then each child is actually given two crackers less than his or her request.  Again, as soon as the children verbalize the relationship between the request (input) and the portion allotted (output), they receive the missing crackers.

At the K-4 level students develop a strong understanding of algebraic concepts and processes from consistent experiences in classroom activities such as those already described.  In addition students need opportunities to work with unknown quantities, model real-world situations, evaluate expressions and solve equations and inequalities.

Students begin their study of algebra in K-2 by learning about the use of pictures and symbols to represent variables.  They look at patterns and describe those patterns.  They begin to look for unknown numbers in connection with addition and subtraction number sentences.  They model the relationships found in real-world situations by writing number sentences that describe those situations.  At these grade levels, the study of algebra is very much integrated with the other content standards.

In grades 3 and 4, students need experiences that focus on investigating a pattern in an organized and systematic way.  They continue to construct, recognize, and extend patterns using pictorial or symbolic representations more extensively than in grades K-2.  Students should use manipulatives to investigate what happens in a pattern as the number of terms is extended or as the beginning number is changed and also study patterns that involve multiplication.  Students continue playing discover a rule games but work with a greater variety of operations.  They also continue to work with input-output situations (functions)often pretending to be the machine themselves and making up rules for each other.

At the 5-8 level, students expand their use of patterns, incorporating variables and using patterns to help them solve problems.  The very strong connection between algebra and patterns is evident at this level.  Students should use concrete materials, such as algebra tiles, to help them develop a visual, geometric understanding of algebraic concepts.  For example, students can represent the expression 3x – 2 by using three strips and two units.  They should make graphs on a rectangular coordinate system from data tables, analyze the shape of the graphs, and make predictions based on the graphs.  Students should have opportunities to plot points, lines, geometric shapes, and pictures.  They should use variables to generalize the formulas they develop in studying geometry (e.g., p = 4s for a square or A =1xw for a rectangle).  Students should be able to describe movements of objects in the plane through horizontal and vertical slides (translations).  In grades 7 & 8 they should experiment with probes that generate the graphs of experimental data on computers or graphing calculators.  The major focus of this work needs to be with graphs that are straight lines (linear functions), but students should have some experience seeing other shapes of graphs as well; in particular, when dealing with real data and probes, many times the graph will not be linear.  Throughout their work with patterns, students should use the calculator as a tool to facilitate computation and allow time for higher level thinking.  Teachers should explore the calculator’s capabilities with the students and encourage its use, so that students become proficient.

Algebraic topics at this level need be integrated with the development of other mathematical content to enable students to recognize that algebra is not a separate branch of mathematics.  We want students to understand that algebra is an expansion of the arithmetic and geometry that they have already experienced and a tool to help them describe situations and solve real world problems.

At the 7-8 level, the importance of studying patterns continue with an emphasis on representing and describing relationships with tables and graphs of statistics and the development of rules using variables.  Patterns also become important now in the analysis of statistics and the development of geometric relationships.  Students should still model many patterns with concrete materials.  Engineers, scientists, architects, and other researchers all build working models of projects for analysis and demonstration.

As in prior grades, computers and graphing calculators need to be used to investigate mathematical concepts and problems.  These tools make mathematics accessible to more students because they enable the students to analyze what they can see rather than requiring them to develop mental images or manipulate situations symbolically from the outset.  Furthermore, technology enables students to calculate rapidly and to investigate conclusions immediately, freeing them from the limitations imposed by cumbersome and time-consuming computations.

Students in grades 7-8 need to continue to see algebra as a tool that is useful in describing mathematics and solving problems.  The algebraic experiences should develop from modeling situations where students gather data to solve problems or explain phenomena.  It is important that all concepts are presented within a context, preferably one meaningful to students, rather than through traditional symbolic exercises.  Once a concept is well understood, the students can use traditional methods to reinforce the algebraic manipulations associated with the concept.

Many activities that are used in earlier grades should be revisited as students become more sophisticated in their use of algebra.  At the same time, activities used in later grades can be incorporated on an informal basis.  For example, students in earlier grades might have gathered heights and arm spans and attempted to generalize the relationship between them in words.  As students become familiar with the rectangular coordinate system, they might generalize the relationship using a scatterplot and fitting a line to the data.  Students can be taught how to find the median-median line to determine the line of best fit and use that line to solve problems.  When students have learned to find the slope of a line through two points symbolically, they can determine the equation of the median-median line.  (The median-median line, available on many calculators which have statistics capabilities, is found by dividing the data points on the x-y plane into three equal sets, grouped by x-value, finding a single point for each set whose coordinates are the medians of the respective coordinates of the points in the set, connecting the first and third points by a straight line, and shifting this line 1/3 of the way toward the second point.)

Students should have numerous opportunities to develop an understanding of the relationship between a function and its graph.  A limited number of functions should be plotted by hand, but students should also use technology to graph functions.  Students should develop the ability to find solutions using the trace function of graphing calculators and computer graphing programs and discuss how it assists in solving equations.  They should also have opportunities to use spreadsheets as a method for representing and solving problems.

Students should be able to evaluate expressions using all forms of real numbers when calculators are available.  They should recognize that a standard four-function calculator does not use the standard order of operations and recognize that even with a scientific calculator, operations such as the division of two binomial quantities requires the use of parentheses.

At the 9-12 level, patterns, relationships, and functions continue to provide a unifying theme for the study of mathematics.  Students should describe the relationships found in concrete situations with algebraic expressions, formulas and equations, as well as with tables of input-output values, with graphs, and with written statements.

The function concept is one of the most fundamental unifying ideas of modern mathematics. In high school, students move to expand their knowledge of functions as a natural outcome of their work in earlier years with patterns and relationships.  Concepts such as domain and range are formalized and the f(x) notation is introduced as a natural extension of initial informal experiences.

Students frequently have difficulty with the concept of a function, possibly because of its many interpretations.  The formal ordered-pair definition of a function, while perhaps the most familiar to many teachers, is also the least understood and possibly the most abstract way of approaching functions (Wagner and Parker, 1993).  Looking at functions as correspondences between two sets seems to be more easily grasped and facilitates the introduction of the concepts of domain and range.  Visualizing functions as graphs which satisfy the vertical line test provides an extremely accessible way of representing functions, especially when graphing calculators and computers are used.  Students entering high school should already be familiar with functions as input-output processes through the use of function machines.  They should also have encountered functions given by rules or formulas involving independent and dependent variables.  Students moving on to calculus also need to view functions as objects of study in themselves.

The correspondence between all of these interpretations of the concept of a function may not be very clear to students, and so attention should be drawn explicitly to the different ways of understanding functions, and how together they provide a more complete understanding of the concept.  For example, while discussing sequences, students should explore how they can be considered as functions using the correspondence model, the rule model, the input-output model, the graph model, and the ordered pairs model.

Instructional strategies in algebra should continue to focus on algebra as a means for representing and modeling real situations and answering questions about them.  The traditional methods of teaching algebra have been likened to teaching a foreign language, focusing on grammar and not using the language in real conversation.  Algebra experiences must encourage students to “speak the language” as well as use “proper grammar.”

Students should be comfortable with evaluating expressions and with solving equations and inequalities, by whatever means they find most appropriate.  They should understand the relationship between the graphs of functions and their equations.  For example, they should be able to understand and solve quadratic equations using factoring, the quadratic formula, and graphing, as well as with a graphing calculator.  They should recognize that the methods they use can be generalized, e.g., sin2x + 3 sin x + 2 = 0 

is like x2 + 3x + 2 = 0.  This use of patterns to note commonalities among seemingly different problems is an important part of algebra in the high school.

Since algebra is the language of generalization, instruction in this area should encourage students to ask questions such as Why does the solution behave this way?  They should develop an appreciation of the way algebraic representation can make problems easier to understand.  Algebraic instruction should be rich in problems that are meaningful to students.

All objectives addressed in this standard are working toward/aligned with state and national standards.  Alignment is indicated using a code that reflects the document from which it came.  Each document has its own code.

· Scope & Sequence Objectives 
1-7

· CT Frameworks


MA4:1, 2, …MA4:10

· CT Mastery Test


CMT3 & CMT4

· NCTM Standards 2000

NCTM A.1-3, B.1-2, C.1, D.1-2

· CAPT



Not applicable for Grade 1

· MPEG Trace Map




The alignment for all objectives for Grade 1 in this standard are summarized on the following page.
Students will discover, analyze, describe, extend and create patterns and use patterns to describe mathematical and other real-world phenomena.

Students will use algebraic skills and concepts, including functions, to describe real-world phenomena symbolically and graphically, and to model quantitative change.
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Students will:

1. Recognize, describe, extend and create a variety of simple patterns, repeating and growing, and translate 

from one representation to another. 

2. Model real life situations that involve addition and subtraction of whole numbers using objects, pictures 

and number sentences including those with a missing addend.

3. Skip count and describe number patterns by ones and tens to 100 and by twos ( 2's) to 20 and by 

fives (5's) to 50. 

4. Develop and test generalizations based on observations of patterns and relationships and exploring

simple functions, e.g., predicting a pattern that is 20 cubes long after making one that is 10 cubes long.

 

CT Frameworks [MA4:8&9]
NCTM

#2 Algebra

8a) Reproduce, extend, describe and create patterns and sequences 

      using a variety of materials and attributes.

8b) Use tables and graphs to display pattern data and explore a variety

      of ways to write rules that describe patterns and relationships. 

8c) Develop and test generalizations based on observations of patterns

      and relationships. 
9a) Represent numerical situations using variables, expressions, 

      equations and inequalities.

9b) Write and solve number sentences that describe real-life 

       situations. 
A. Understand patterns, relations, and functions.

1. Sort, classify, and order objects by size, number, and other properties.

2. Recognize, describe, and extend patterns such as sequences of sounds and shapes or simple numeric patterns and translate from one representation to another.

B. Represent and analyze mathematical situations and structures using algebraic symbols.

2. Use concrete, pictorial, and verbal representations to develop an understanding of invented and conventional symbolic notations.

C. Use mathematical models to represent and understand quantitative relationships.

1. Model situations that involve the addition and subtraction of whole numbers, using objects, pictures, and symbols.



CMT Grade 3


CMT Grade 4

22. Extend or complete patterns involving whole numbers and 

      attributes and identify or state rules for given patterns.

23. Not tested at Grade 3.

25. Solve extended numerical and statistical problems.
22. Extend or complete patterns involving whole numbers and 

      attributes and identify or state rules for given patterns.

23. Not tested at Grade 4.

25. Solve extended numerical and statistical problems.



Obj.
Sample Activities

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4

8/9.1
A. Pattern Questions
If you're the tenth in line, will you be standing or sitting?  The ability to use a pattern to make predictions is an important problem-solving ability.  Students begin by making pattern predictions about patterns of classmates standing and sitting.  Then they move on to work with shapes and colors, making predictions simply by extending their patterns with blocks or cubes.

[Source:  Constructing Ideas About Patterns Grades 1-3, Creative Publications] Permission Granted











   [See pages A.100-102]



MA4:8b, c
























Obj.
Sample Extended Lesson(s)

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4

8/9.1
A. Trains and Tunnels
Students build and record linear patterns and make predictions about how patterns continue.

[Source:  Constructing Ideas About Patterns Grades 1-3, Creative Publications] Permission Granted
                                                                                                                                    [See pages A.103-105]



MA4:8a, c
























Obj.
Sample Formal Assessment(s)

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4

8/9.2
A. Shapes and Numbers
Students are asked to explain how they determined the value of missing numbers in a number sentence (i.e., an equation).  This is a one-on-one interview task.  The teacher records the students’ responses on the recording sheet; students record their responses on the student sheet.

NOTE TO TEACHER: In this task, remind students that a particular shape will represent the same digit (number) throughout the entire task.  For example, “The number you use in the square needs to be that number again whenever you see the square in this task.”

For samples of scored student work generated as a result of this task view the website: ctcurriculum.org.

[Source:  Connecticut State Dept. of Education Performance Task]
             [See pages A.106-108]



MA4:2a

MA4:8a



8/9.1
B. What Does Your Pattern Look Like? (Short Task)

Students record and describe a pattern they have made with 12 pattern blocks.

[Adapted from:  20 Thinking Questions for Pattern Blocks Grades 1-3, Creative Publications] 

Permission Granted








     [See page A.109]



MA4:8a, b

















Obj.
Sample Informal Assessment(s)

Frameworks
CMT

 Gr. 3
CMT

 Gr. 4
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