
                   GRADE SEVEN - CONTENT STANDARD #3:  ESTIMATION & APPROXIMATION




OVERVIEW

Estimation is a process that is used constantly by mathematically capable adults, and that can be mastered easily by children.  It presents students with another dimension of mathematics.  Terms such as about, near, closer to, between, and a little less than illustrate that mathematics involves more than exactness.  Estimation interacts with number sense and spatial sense to help children develop insights into concepts and procedures, flexibility in working with numbers and measurements, and an awareness of reasonable results.  Estimation skills and understanding enhance the abilities of children to deal with everyday quantitative situations and contribute to the foundation on which problem-solving and logical reasoning skills are based.

Estimation skills are critically important if one is to be a competent user of calculating technology.  People must know the range in which the answer to a given problem should lie before doing any calculation, they must be able to assess the reasonableness of the results of a string of computations, and they should be able to be satisfied with the results of an estimation when an exact answer is unnecessary.

People who use mathematics in their lives and careers find estimation to be preferable to the use of exact numbers in many circumstances.  Frequently, it is either impossible to obtain exact answers or too expensive to do so.  An air conditioning salesperson preparing a bid would be wasting time and money by measuring rooms exactly.  Astronomers attempting to determine movements of celestial objects cannot obtain precise measurements.
Computational estimation is one of the most powerful and useful aspects of estimation but is of little value to students if their understanding of estimation is that of a cumbersome process that often require paper and pencil and a great deal of time to produce.  It is the challenge of this standard to teach students quick, efficient ways of estimating easily, to develop (a) the sense that estimation is a highly useful tool and (b) the sensitivity and flexibility that are crucial to being an effective estimator.

Software which is aligned with this standard is listed in the appendix.

INSTRUCTIONAL FOCUS

At all grade levels, estimation is a combination of content and process.  Students need regular opportunities to explore and construct estimation strategies as well as to acquire an appreciation of the usefulness of estimation in the solution of problems, i.e., developing an estimation mind-set.  Developing this mind-set requires that students have opportunities to experience lessons and activities that focus on developing their reasoning, insight, and decision-making skills.

Instruction in estimation has traditionally focused on the use of rounding which results in a very limited understanding and use of estimation.  There are times when rounding is an appropriate process for finding a computational estimate, but this standard emphasizes that it is only one of a variety of processes.  Clustering, front-end digits, compatible numbers, and other strategies are all helpful to the skillful user of mathematics, and can all be mastered by young students.  Selection of the appropriate strategy to use depends on the setting and the numbers and operations involved.  Students need to understand that there is not necessarily a “right” answer when estimating; different techniques may yield different estimates and that is quite acceptable, and that at times the estimate is “the answer”.

The major challenge to estimation is that it cannot be taught using a tightly sequenced and rule bound approach without destroying its true value.  Research has identified some critical balances or "golden means” that must be maintained for the successful teaching of estimation.  Please refer to the article, “Critical Balances and Payoffs of an Estimation Program” in the appendix for an explanation of these “golden means.”

At the K-4 level, children’s experiences with estimation need to be an ongoing part of their study of numbers, computation, and measurement.

For very young children the emphasis is on the development of the idea that guessing is an important and exciting part of mathematics.  Students need opportunities that encourage risk-taking and most critically, sharing of ideas about how their guesses were determined.  When first asked to guess an answer, many students will give nonsense responses until they have appropriate experiences, build their sense of numbers, and develop informal strategies for creating a guess.  Children begin to make reasonable guesses when the situations they experience are relevant to their immediate world.  They need opportunities to build on comparisons of common objects and use personal items to build a sense of lengths, weights or quantities.

As students move through the grade levels they need to feel comfortable taking risks, and should understand that an explanation and justification of estimation strategies is a regular part of the process.  The emphasis here is to provide an experiential base from which better estimates can be made.  This development is facilitated by having children estimate an unknown quantity by: (1) comparing it to a known quantity, (2) partitioning it into known quantities, and (3) using mental computation.  Refer to the article, “Developing Estimation Skills in the Primary Grades” in the appendix for an explanation of these strategies.

Computation estimation is as important at these early grade levels as it is at all the other grade levels.  Estimation of sums and differences should be a part of the computational process from the very first activity with any sort of computation.  Children should regularly be asked About how many do you think there will be in all?   or  About what do you think the difference is?  or  About how many do you think will be left? in the standard addition and subtraction settings.  These questions are appropriate whether or not exact computations will be done.  The most useful computational estimation strategy at the primary grades reinforces an important place value idea.  In two-digit numbers the tens digit is much more meaningful than the ones digit in contributing to the overall value of the number.  Students should have experience with the front-end estimation strategy.

At the 5-8 level students need ample opportunities to experience activities where the estimate serves as the answer.  In  grades 5-6, estimation and number sense are even more important skills than algorithmic paper-and-pencil computation with multi-digit whole numbers.  Students should become masters at applying estimation strategies so that answers displayed on a calculator are instinctively compared to a reasonable range in which the correct answer lies.  In grades 7 & 8, it is critical that students understand the displays that occur on the screen and the effects of calculator rounding because of the calculator’s own operational system.

Students need experiences with 4 attitudes related to computational estimation that are not usually tended to: (1) validity and usefulness, (2) flexible thinking and decision-making, (3) adjusting initial estimates, and (4) recognition of sensible answers.  Teaching strategies that focus on these aspects are described in the article “Teaching Computational Estimation:  Concepts and Strategies” in the appendix.  Activities adapted from this article have been integrated into the curriculum.

Estimation skills that are also important in grades 5 & 6 are skills in estimating the results of fraction and decimal computations,  and in grades 7 & 8 students need to focus on developing strategies for estimating with ratios, proportions, percents, and square roots.

At the 9-12 level, estimation and number sense are also a much more important skill than algorithmic paper-and-pencil computation.  Students need to be able to judge whether answers displayed on a calculator are within an acceptable range.  They need to understand the displays that occur on the screen and the effects of calculator rounding either because of the calculator’s own operational system or because of user-defined constraints.  Issues of the number of significant digits and what kinds of answers make sense in a given problem setting require a focus on reasonableness of answers.

Estimation should be emphasized in many other areas of the mathematics curriculum in addition to the obvious uses in numerical operations and measurement.  For example, estimating probabilities can help a student determine when a particular course of action would be advisable; problem situations related to algebraic concepts provide opportunities to estimate rates such as slopes of lines and average speed; and working with sequences in algebra and increasing the number of sides of a regular polygon in geometry yield opportunities to estimate limits.

Measurement settings are rich with opportunities to develop an understanding that estimates are often used to determine approximate values which are then used in computations and that results so obtained are not exact but fall within a range of tolerance.   Appropriate issues for discussion at this level include acceptable limits of tolerance and assessments of the degree of error of any particular measurement of computation.

Another topic appropriate at these grade levels is the estimation of probabilities and of statistical phenomena like measures of central tendency for a set of data or variance.  When statisticians talk about “eyeballing” the data, they are explicitly referring to the process where these kinds of measures are estimated from a set of data.  The skill to be able to do that is partly the result of knowledge of how to compute the measures themselves and partly the result of experience in estimating them.

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


MA8:1, 2, …MA8:10

· CT Mastery Test


CMT8

· NCTM Standards 2000

NCTM – Not applicable

· CAPT



C.1-2

· MPEG Trace Map




The alignment for all objectives for Grade 7 in this standard are summarized on the following page.

Students will make estimate and approximations, and judge the reasonableness of results.
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Students will:

1. Develop and use *anchors as benchmarks in making estimates.  (*See the reference section for examples
of anchors and a matrix for development across grade levels.)
2. Determine and explain the most appropriate estimation strategy for computing with fractions, 
decimals, and percents.

3. Determine when a situation, including those that involve fractions, decimals and percents,
requires an exact answer or when an estimate is sufficient. 
4. Use estimation to predict outcomes and determine reasonableness of results and describe situations
where it is important to recognize whether a given estimate is an overestimate or an underestimate.

5. Develop and use flexible methods of mental computation and calculate mentally with large numbers.


CT Frameworks [MA8:3]
NCTM



1. Develop, apply and explain a variety of estimation strategies in problem situations involving quantities and measures.

2. Use estimation to predict outcomes and determine reasonableness of results.

3. Recognize when estimation is appropriate and understand the usefulness of an estimate as distinct from an exact answer. 

4. Determine whether a given estimate is an overestimate or underestimate.
#1 – Number and Operations

C.    Compute fluently and make reasonable estimates.

        1.   Select appropriate methods and tools for computing with fractions

              and decimals from among mental computation, estimation, 

              calculators or computers, and paper and pencil, depending on the

              situation, and apply the selected methods.

        3.   Develop and use strategies to estimate the results of rational-number

              computations.

#4 – Measurement

B.     Apply appropriate techniques, tools, and formulas to determine 

         measurements.

        1.   Use common benchmarks to select appropriate methods for 

              estimating measurements.



CMT Grade 8
CAPT



10a. Identify the best expression to find an estimate.

10b. Identify whether and why a particular strategy will result in an 

        overestimate or an under-estimate.

10c. Determine a reasonable estimate and describe the strategy used to make 

        the estimate.

11a. Estimate a reasonable answer to a problem.

11b. Use estimation to make and defend decisions.

25.   Solve extended numerical and statistical problems.
1. Select and use estimation strategies in problem situations.

2. Assess the reasonableness of answers to problems.

Obj.
Sample Activities



Frameworks
CMT

 Gr. 8
CAPT

1,2,3
A. PLANNING A TRIP
Ask students to select a destination at least 500 miles away that they would like to visit on a vacation.  Distribute, or ask students to gather from a local travel agent or chamber of commerce, appropriate travel and lodging brochures for their destination.  Use the maps and brochures to complete the following activities.  You may give students a budget or let them determine their own & decide how long they would have to save to be able to do the trip.

· Choose a hotel.  What does the price of the hotel room include?  Where is it located in reference to places you would want to go?  Why are some hotels cheaper than others?  What taxes are assessed?

· How would you travel to your destination?  Using the scale of miles on a map, figure out approximately how far away your destination is.  How long will it take you to get there?  What is the least expensive mode of transportation?  Don't forget to include food, gas and overnight stays on the way to your destination.

· Discuss the places you will want to visit while on your vacation and what the costs will be.  How much will it cost to eat for one week?  How will you get around?  What other variables will you consider?

· You are now ready to plan a trip with your group!  Budget all of your expenses for a one- or two-week stay at your destination.  Make a chart that represents your trip expenses.

· Present a description of your trip, including your estimated expenses & what to the class.  Which group can plan the most economical trip?  The class will evaluate the results.

[Source:  A Guide to K-12 Program Development in Mathematics, State of Connecticut]



MA8:3a,c




B. SHADING SHAPES

Students estimate the percentage shaded of a variety of regular & irregular shapes.

[From ESTIMATION INVESTIGATIONS  by Marcia Miller and Martin Lee.  Scholastic, Inc. http://www.scholastic.com]  Permission Waived per 2-27-02 Phone Conversation                              [See pages A.68-69]
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Obj.
Sample Extended Lesson(s)

Frameworks
CMT

 Gr. 8
CAPT




































Obj.
Sample Informal Assessment(s)

Frameworks
CMT

 Gr. 8
CAPT




































Obj.
Sample Formal Assessment(s)

Frameworks
CMT

 Gr. 8
CAPT


A. MILES OF WORDS
Assess the reasonableness that forty thousand words were uttered in a 200-mile train journey.

[Adapted from Balanced Assessment High School Assessment Package #1 by Berkeley, Harvard, Michigan State, and Shell Centre ( 1999 by the Regents of the University of California, published by Dale Seymour Publications, an imprint of Pearson Learning, a division of Pearson Education, Inc.  Used by permission.]











     [See pages A.70-72]
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