DRAFT-Algebra II Unit 4: Inferences and Conclusions from Data

	Algebra II 

Unit 4 Snap Shot

	Unit Title
	Cluster Statements
	Standards in this Unit

	Unit 4

Inferences and Conclusions from Data★
	· Summarize, represent, and interpret data on a single count or measurement variable

· Understand and evaluate random processes underlying statistical experiments.

· Make inferences and justify conclusions from sample surveys, experiments and observational studies.


	· S.ID.4★ (additional)

· S.IC.1★ (supporting) 
· S.IC.2★  (supporting)
· S.IC.3★ (major)
· S.IC.4★ (major)
· S.IC.5★ (major)
· S.IC.6★ (major)



PARCC has designated standards as Major, Supporting or Additional Standards.  PARCC has defined Major Standards to be those which should receive greater emphasis because of the time they require to master, the depth of the ideas and/or importance in future mathematics. Supporting standards are those which support the development of the major standards.  Standards which are designated as additional are important but should receive less emphasis.

Overview

The overview is intended to provide a summary of major themes in this unit.
In this unit, students see how the visual displays and summary statistics learned in earlier grades relate to different types of data and to probability distributions. Students identify different ways of collecting data—including sample surveys, experiments, and simulations—and the role that randomness and careful design play in the conclusions that can be drawn.  Students will be introduced to standard deviation as a measure of variability and use the mean and standard deviation of a normal distribution to estimate population percentages.
Teacher Notes
The information in this component provides additional insights which will help the educator in the planning process for the unit.
To help the students better understand the material in this unit, hands-on activities are strongly encouraged.  The use of rolling dice, flipping coins, or random number generators are great tools for the students to use in gaining understanding of the content. 

Enduring Understandings

Enduring understandings go beyond discrete facts or skills. They focus on larger concepts, principles, or processes.  They are transferable and apply to new situations within or beyond the subject.  Bolded statements represent Enduring Understandings that span many units and courses.  The statements shown in italics represent how the Enduring Understandings might apply to the content in Unit 4 of Algebra II.

· Mathematics can be used to solve real world problems and can be used to communicate solutions to stakeholders.

· It is important to be well-informed on the correct ways to gather data, interpret data, and make sound decisions.

· Use data analysis tools to compare two independent groups.

· Relationships between quantities can be represented symbolically, numerically, graphically, and verbally  in the exploration of real world situations 

· The context of a question will provide insight on the best method for collecting and analyzing the data.

· Recognize when to apply simulations to model real world situations.
· Conduct simulations to represent a variety of real world situations.
· The results of statistical analysis must be interpreted and analyzed to determine if there is a significant evidence to justify conclusions about real world situations. 
· Statistics need to be applied to make inferences and justify conclusions

· Recognize possible sources and types of error in context of the real world.

Essential Question(s)

A question is essential when it stimulates multi-layered inquiry, provokes deep thought and lively discussion, requires students to consider alternatives and justify their reasoning, encourages re-thinking of big ideas, makes meaningful connections with prior learning, and provides students with opportunities to apply problem-solving skills to authentic situations. Bolded statements represent Essential Questions that span many units and courses.  The statements shown in italics represent Essential Questions that are applicable specifically to the content in Unit 4 of Algebra II.
· When is mathematics an appropriate tool to use in problem solving?

· For which situations would the different data collection methods be used?

· In a real world scenario, what is the most effective method of data analysis in order to draw conclusions? 

· What characteristics of problems determine how to model a situation and develop a problem solving strategy?

· What characteristics of a problem influence the numerical and graphical representation of the data? 
· How can mathematical representations be used to communicate information effectively?

· How can data be represented to best communicate important information about a problem?

· What characteristics of problems would determine how to model the situation and develop a problem solving strategy?

· How can statistical analysis be used to decide what conclusions need to be drawn?

· What role does probability have in the design of model situations for decision making?

· How can the process of statistical analysis justify a conclusion? 

Possible Student Outcomes 

The following list provides outcomes that describe the knowledge and skills that students should understand and be able to do when the unit is completed. The outcomes are often components of more broadly-worded standards and sometimes address knowledge and skills necessarily related to the standards. The lists of outcomes are not exhaustive, and the outcomes should not supplant the standards themselves.  Rather, they are designed to help teachers “drill down” from the standards and augment as necessary, providing added focus and clarity for lesson planning purposes. This list is not intended to imply any particular scope or sequence.

S.ID.4 Use the mean and standard deviation of a data set to fit it to a normal distribution and to estimate population 
           percentages. Recognize that there are data sets for which such a procedure is not appropriate. Use calculators, 
          spreadsheets, and tables to estimate areas under the normal curve. (additional)
The student will:

· find the mean and standard deviation of a data set.

· find and interpret the standardized score for an observation in a data set.

· determine if a data set fits an approximately Normal distribution.

· estimate population percentages using the mean and standard deviation of a Normal distribution.

· estimate the areas under a Normal curve.

S.IC.1 Understand statistics as a process for making inferences about population parameters based on a random sample from
           that population. (supporting)
The student will:

· take random samples from a population of interest using different sampling methods.

· select the appropriate sampling method for a given situation.

· determine which population parameter can be estimated using the statistic computed from their random sample. 

· gauge how far off an estimate or prediction might be.  

S.IC.2 Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. 
           For example, a model says a spinning coin falls heads up with probability 0.5. Would a result of 5 tails in a row cause 
           you to question the model? Note: Include comparing theoretical and empirical results to evaluate the effectiveness of 
          a treatment. (supporting)
The student will:

· calculate and analyze theoretical and experimental probabilities accurately. 

· design, conduct, and interpret the results of simulations.

· compare the empirical results (from the simulation) to the theoretical results.  

· determine whether the data-generating process matches the model. 

· explain and apply the Law of Large Numbers.

S.IC.3 Recognize the purposes of and differences among sample surveys, experiments, and observational studies; 
           explain how randomization relates to each. (major) 
The student will:

· understand the purpose and differences of a survey and a study.

· understand the purpose and differences of an experiment and an observational study.

· conduct sample surveys, experiments, and observational studies.

· explain how randomization relates to sample surveys, experiments, and observational studies.

· recognize and avoid bias in sample surveys, experiments, and observational studies.

S.IC.4 Use data from a sample survey to estimate a population mean or proportion; develop a margin of error through the
           use of simulation models for random sampling. Note: For S.IC.4 and 5, focus on the variability of results from 
           experiments—that is, focus on statistics as a way of dealing with, not eliminating, inherent  randomness. (major)
The student will:

· estimate a population mean or proportion given data from a sample survey.

· explore sampling variability by using simulation, taking many samples of the same size from the same population.  

· recognize that the sampling variability can be represented as a margin of error.

· informally establish bounds as to when something is unusual.

S.IC.5 Use data from a randomized experiment to compare two treatments; use simulations to decide if differences between 
           parameters are significant. (major)
The student will:

· compare the differences between two sample means or proportions.
· using computer generated simulations, determine if the data are unusual enough to conclude there is a difference in the population parameters.

S.IC.6 Evaluate reports based on data. (major)
The student will:

· interpret the use of statistics in a report.

· analyze the appropriate use or misuse of statistics for a given data set.

· confirm the validity of conclusions based on the statistics generated for the intended population.

· use probability to form conclusions for a given data set.

Possible Organization/Groupings of Standards

The following charts provide one possible way of how the standards in this unit might be organized.  The following organizational charts are intended to demonstrate how standards might be grouped together to support the development of a topic.  This organization is not intended to suggest any particular scope or sequence.

	Topic #1
Inference

	Major Standard  to 

address 

Topic  1
	S.IC.1 Understand statistics as a process for making inferences about population parameters based on a 
           random sample from that population. (supporting)

	The standards listed to the right should be used to help develop 

S.IC.1
	S.IC.2      Decide if a specified model is consistent with results from a given data-generating process, 

                e.g., using simulation. (supporting)
S.IC.3      Recognize the purposes of and differences among sample surveys, experiments, and observational 
                studies; explain how randomization relates to each. (major)
.

S.IC.5      Use data from a randomized experiment to compare two treatments.(major)


	Major Standard to address 

Topic 1
	S.IC.4 Use data from a sample survey to estimate a population mean or proportion; develop a margin of error 
           through the use of simulation models for random sampling. (major)

	The standards listed to the right should be used to help develop 

S.IC.4
	S.IC.2        Decide if a specified model is consistent with results from a given data-generating process, 
                  e.g., using simulation. (supporting)
S.IC.5        Use data from a randomized experiment to compare two treatments; use simulations to decide
                   if differences between parameters are significant. (major)
S.IC.6        Evaluate reports based on data. (major)


	Topic #2

Standard Deviation 

	This is the only standard for this topic. 
	S.ID.4       Use the mean and standard deviation of a data set to fit it to a normal distribution and to estimate population

                 percentages. Recognize that there are data sets for which such a procedure is not appropriate. Use

                 calculators, spreadsheets, and tables to estimate areas under the normal curve. (additional)




Connections to the Standards for Mathematical Practice

This section provides examples of learning experiences for this unit that support the development of the proficiencies described in the Standards for Mathematical Practice.  These proficiencies correspond to those developed through the Literacy Standards. The statements provided offer a few examples of connections between the Standards for Mathematical Practice and the Content Standards of this unit. The list is not exhaustive and will hopefully prompt further reflection and discussion.
In this unit, educators should consider implementing learning experiences which provide opportunities for students to:

1. Make sense of problems and persevere in solving them.

· Check solutions to make sure that they make sense in the context of the problem (z-scores, significance, etc …)

· Identify and/or evaluate a solution to determine if it is the appropriate solution in a given situation

· Design, conduct and interpret simulations.

2. Reason abstractly and quantitatively.
· Analyze data given in different formats.

· Be able to critique sampling methods (random sampling, poor sampling techniques, bias, etc.) 

· Understand the limits of observational studies (effects of having or not having treatment, etc.). 

· In terms of a hypothesis, determine if an answer is reasonable or significant. 

3. Construct Viable Arguments and critique the reasoning of others.

· Effectively communicate solutions in the context of a problem.

· Identify and explain the effect of bias on sampling results.
· Recognize the difference between experimental and theoretical probabilities.

· Identify the differences between experiments, observational studies, and surveys.

· Use probability to defend a decision.

· In the context of the problem, explain the difference between the sample and population. 

4. Model with Mathematics.
· Design and interpret a simulation in order to model real world applications.

· Conduct randomized experiments or investigations.

· Analyze the appropriateness of probability models.
5. Use appropriate tools strategically.
· Choose sampling methods in order to avoid bias (stratified, random, simple, etc).

· Use technology to display and interpret data distributions (graphing calculators, spreadsheets, websites, etc).

· Select appropriate data collection method (observational study, survey, or experiment.).

6. Attend to precision.
· Round and interpret solutions to a given degree of accuracy.

· Use tables and charts appropriately. 

· Calculate experimental and theoretical probabilities.

· Determine the statistical significance of result.

7. Look for and make use of structure.

· Solve for a variable within the z-score formula.

· Explain the significance in terms of the given parameter.

· Design an experiment to show the effect of a treatment. 

· Conduct an observational study to collect data on a characteristic.

· Create a survey to investigate a topic.

8. Look for and express regularity in reasoning.
· Apply normal distribution rules to a normal data set.

· Use the Law of Large Numbers to compare distributions.

Content Standards with Essential Skills and Knowledge Statements and Clarifications/Teacher Notes

The Content Standards and Essential Skills and Knowledge statements shown in this section come directly from the Algebra II framework document. Clarifications and teacher notes were added to provide additional support as needed. Educators should be cautioned against perceiving this as a checklist.  

Formatting Notes

· Red Bold- items unique to Maryland Common Core State Curriculum Frameworks
· Blue bold – words/phrases that are linked to clarifications
· Black bold underline- words within repeated standards that indicate the portion of the statement that is  emphasized at this point in the curriculum or words that draw attention to an area of focus

· Black bold- Cluster Notes-notes that pertain to all of the standards within the cluster
· Green bold – standard codes  from other courses that are referenced and  are hot linked to a full description

	Standard
	Essential Skills and Knowledge


	· Clarification/Teacher Notes

	S.ID.4 Use the mean and standard deviation of a data set to fit it to a normal distribution and to estimate population percentages. Recognize that there are data sets for which such a procedure is not appropriate. Use calculators, spreadsheets, and tables to estimate areas

under the normal curve.

Note: While students may have heard of the normal distribution, it is unlikely that they will have prior experience using it to make specific estimates. Build on students’ understanding of data distributions to help them see how the normal distribution uses area to make estimates of frequencies (which can be expressed as probabilities).  Emphasize that only some data are well described by a normal distribution.
	· Ability to construct, interpret and use normal curves, based on mean and standard deviation

· Ability to identify data sets as approximately normal or not

· Ability to estimate and interpret area under curves using the Empirical Rule (68-95-99.7%)


	· Normal curves are always bell curves, but bell curves are not always Normal.  The Normal curve has specific properties (Empirical Rule: 68-95-99.7%).

· Mean and median are located in the center of a Normal curve.

· The total area under the Normal curve is equal to 1 or 100%, regardless of the mean and standard deviation. 

· TI-84 Procedure:  normalcdf(Left bound, right bound, mean, standard deviation)

· To assess normality use a Normal Probability Plot (Normal Quantile Plot) found under STAT Plot, 6th option for type. A straight line represents normality.

· Alternative strategy to assess normality: Determine if approximately 68% of data falls within one standard deviation of the mean, etc.

· To use a Standard Normal Probability Table, student must calculate a z-score [image: image2.png]


 , where x = data value, µ = population mean, 𝜎 = population standard deviation.


	Standard
	Essential Skills and Knowledge


	Clarification/Teacher Notes

	S.IC.1 Understand statistics as a process for making inferences about population parameters based on a random sample from that population.


	· Knowledge of various sampling methods (e.g., simple random, convenience, stratified…)

· Ability to select an appropriate sampling technique for a given situation

· Recognize that bias may exist in our sampling process or in the response (data).

· Ability to explain in context the difference between values describing a population and a sample


	· A random sample incorporates randomness in the selection process 

· A simple random sample gives every observation/individual (and every combination of observations/individuals) an equally likely chance of selection.

· Unbiased procedures: Simple Random Sample, Stratified Random Samples (The best chance of being unbiased in your sampling procedure is using a simple random sample.)

· Biased procedures: Convenience Sampling

· Inferences about the population parameters, made from your sample, can only be made if the sample is representative of the population.

· Population Parameter Symbols:

µ, 𝜎, p

· Sample Statistic Symbols: [image: image4.png]





	S.IC.2 Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. For example, a model says a spinning coin falls heads up with probability 0.5. Would a result
of 5 tails in a row cause you to question the model?

Note: Include comparing theoretical and empirical results to evaluate the effectiveness of a treatment.


	· Ability to calculate and analyze theoretical and experimental probabilities accurately 

· Knowledge of various types of sampling procedures and ability to select and carry out the appropriate process for a given situation

· Ability to design, conduct and interpret the results of simulations

· Ability to explain and use the Law of Large Numbers

	· Simulations mimic real-world scenarios.

· Probability: [image: image6.png]# of successes
% of trials




· All probabilities in a given probability experiment should sum to 100%

· The sum of 100% can be used as check for correctness.

· Theoretical Probability: what is expected under ideal conditions (e.g. a die rolled 6 times, we expect one 6).

· Empirical Probability: (aka experimental) what occurs from your data-generating process (e.g. a die rolled 6 times, but you get zero 6’s). 

· Discuss the proximity of your empirical probability to the theoretical, and its convergence as more trials are completed.



	S.IC.3 Recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates to each.

Note: In earlier grades, students are introduced to different ways of collecting data and use graphical displays and summary statistics to make comparisons. These ideas are revisited with a focus on how the way in which data is collected determines the scope and nature of the conclusions that can be drawn from that data. The concept of statistical significance is developed informally through simulation as meaning a result that is unlikely to have occurred solely as a result of random selection in sampling or random assignment in an experiment.


	· Ability to conduct sample surveys, experiments and observational studies
· Understanding of the limitations of observational studies that do not allow major conclusions on treatments

· Ability to recognize and avoid bias 

	· Surveys: ask questions to gather data

· Observational Studies: watch and record data

· In an observational study, you cannot conclude a cause and effect relationship exists because a treatment is not applied.  

· Experiments: try something and report results (use a treatment)

· Bias is when certain outcomes are unfairly favored. They may be a result of the sampling process, nature of the question or expected response, or experimental design.

	S.IC.4 Use data from a sample survey to estimate a population mean or proportion; develop a margin of error through the use of simulation models for random sampling.

Note: For S.IC.4 and 5, focus on the variability of results from experiments—that is, focus on statistics as a way of dealing with, not eliminating, inherent randomness
	· Ability to informally establish bounds as to when something is statistically significant

· Ability to conduct simulations and accurately interpret and use the results

· Ability to use sample means and sample proportions to estimate population values


	· Sample data will almost always be off target in comparison to the population’s value. This natural variability is accounted for with a margin of error.

· Margin of error is an allowance that extends above and below your sample’s estimate.

· The population’s value can be located anywhere within this range. 



	S.IC.5 Use data from a randomized experiment to compare two treatments; use simulations to decide if differences between parameters are significant.
	· Ability to set up and conduct a randomized experiment or investigation, collect data and  interpret the results

· Ability to draw conclusions based on comparisons of simulation versus experimental results

· Ability to determine the statistical significance of data


	· Comparing data involves calculating the difference between your two estimates. 

· After incorporating a margin of error 

· A positive difference in parameters implies that the first parameter’s value is larger than the second.

· A negative difference in parameters implies that the first parameter’s value is smaller than the second.

· No difference (0) in parameters implies that the first parameter’s value is the same as the second (e.g. if the difference between two sample means range from -4 to +2, then no difference between the two parameters can be concluded since 0 is within the interval).

	S.IC.6 Evaluate reports based on data.


	
	· Students are expected to apply their knowledge of statistics and probability to real-world scenarios. They will need to compare their results to possible claims and distinguish between essential and erroneous information by recognizing supporting details.




Vocabulary/Terminology/Concepts

The following definitions/examples are provided to help the reader decode the language used in the standard or the Essential Skills and Knowledge statements.  This list is not intended to serve as a complete list of the mathematical vocabulary that students would need in order to gain full understanding of the concepts in the unit. 

	Term
	Standard
	Definition

	bias
	ES & K for S.IC.1 

· Recognize that bias may exist in our sampling process or in the response (data).
· 
	A systematic difference or favoring of a specific outcome.

	Data-generating process


	S.IC.2 Decide if a specified model is consistent with results from a given data-generating process, e.g. using simulation. For example, a model says a spinning coin falls heads up with probability 0.5. Would a result of 5 tails in a row cause you to question the model?

Note: Include comparing theoretical and empirical results to evaluate the effectiveness of a treatment.


	The term data-generating process is 

· the data collection process refers to the procedures by which data reach a database. 

· a specific statistical model that is being used to represent supposed random variations in observations, often in terms of explanatory and/or latent variables.



	Empirical Rule


	ES & K for S.ID.4

· Ability to construct, interpret and use normal curves, based on standard deviation

· Ability to identify data sets as approximately normal or not

· Ability to estimate and interpret area under curves using the Empirical Rule (68-95-99.7%)


	The Empirical Rule states that the bulk of a set of data will cluster around the mean in approximately the following fashion:
· 68% of the values will fall 
[image: image7.wmf]±
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· 95% of the values will fall 
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· 99.7% of the values will fall 
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	experiments
	S.IC.3 Recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates to each


	A controlled investigation where a specific treatment is imposed to determine its effect on an experimental unit.

	Law of Large Numbers


	E S & K for S.IC.2

· Ability to calculate and analyze theoretical and experimental probabilities accurately 

· Knowledge of various types of sampling procedures and ability to select and carry out the appropriate process for a given situation

· Ability to design, conduct and interpret the results of simulations

· Ability to explain and use the Law of Large Numbers

	In probability, this means that the more simulations conducted, the closer the experimental probability will get to the theoretical probability.  What you expect and what actually happens are not always going to be the same if you only carry out the process a few times. For example, if you flip a coin repeatedly you would expect the coin to land with heads up 50% of the time. The more times a fair coin is flipped, the closer the actual percentage of heads would get to 50%.

	margin of error
	S.IC.4 Use data from a sample survey to estimate a population mean or proportion; develop a margin of error through the use of simulation models for random sampling


	A statistic expressing the amount of random sampling error in a survey’s results. It can be calculated by the product of a critical value and the standard error. (e.g. [image: image11.png]O xS e
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	Normal distribution 
	S.ID.4 Use the mean and standard deviation of a data set to fit it to a normal distribution and to estimate population percentages. Recognize that there are data sets for which such a procedure is not appropriate. Use calculators, spreadsheets, and tables to estimate areas

under the normal curve.


	A bell-shaped, single-peaked, and symmetric curve. The graph is determined by two factors: the mean and standard deviation. The mean of the distribution determines the location of the center of the graph, and the standard deviation determines the height and width of the graph.

*Note: On a symmetric distribution, the mean and median are both located at the center.*

	observational studies
	ES & K for S.IC.3 

· Ability to conduct sample surveys, experiments and observational studies

	A collection of data that is obtained without influencing or altering the subjects, with the intention of drawing inferences about the possible relationship/correlation between the two variables. 

	parameters
	S.IC.1 Understand statistics as a process for making inferences about population parameters based on a random sample from that population.


	A number that describes some characteristic of the population. In statistical practice, the value of a parameter is usually not known because we cannot examine the entire population.

	randomization
	S.IC.3 Recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates to each.


	The use of chance to select a sample or assign experimental units to treatments. Randomization does not mean haphazard.

	sample surveys
	ES & K for S.IC.3 

· Ability to conduct sample surveys, experiments and observational studies

	A process of collecting information from a small group of a population in a questionnaire format.

	statistic
	S.IC.1 Understand statistics as a process for making inferences about population parameters based on a random sample from that population.


	A number that describes some characteristic of a sample. The value of a statistic can be computed directly from the sample data. We often use a statistic to estimate an unknown parameter.

	Simple random sample
	ES & K for S.IC.3 

· Knowledge of various sampling methods (e.g. simple random, convenience, stratified,…)
	A sampling method which assures that every member of the sampling set has an equal probability of being chosen.

	Stratified random sample
	ES & K for S.IC.3 

· Knowledge of various sampling methods (e.g. simple random, convenience, stratified,…)
	A sampling method in which all elements in the sampling set are divided into strata (groups) based on some common characteristic.  A simple random sample is then selected from each strata.

	Convenience sample
	ES & K for S.IC.3 

· Knowledge of various sampling methods (e.g. simple random, convenience, stratified,…)
	A sampling method in which the elements are chosen based upon their convenience and availability.  It is highly biased.


Progressions from the Common Core State Standards in Mathematics

For an in-depth discussion of overarching, “big picture” perspective on student learning of the Common Core State Standards please access the documents found at the site below. 

http://ime.math.arizona.edu/progressions/
Draft High School Progression on Statistics and Probability 
http://commoncoretools.me/wp-content/uploads/2012/06/ccss_progression_sp_hs_2012_04_21_bis.pdf
Vertical Alignment 

Vertical curriculum alignment provides two pieces of information:

· A description of prior learning that should support the learning of the concepts in this unit

· A description of how the concepts studied in this unit will support the learning of other mathematical concepts.

	Previous Math Courses
	Algebra II Unit 4
	Future Mathematics 

	Concepts developed in previous mathematics course/units which serve as a foundation for the development of the “Key Concept” 
	Key Concept(s)
	Concepts that a student will study in future mathematics courses for which this “Key Concept” will be a foundation.

	In grades 6 through 8 students describe center and spread in a data distribution. In Algebra I Unit 3 students choose a summary statistic appropriate to the characteristics of the data distribution.
	Standard Deviation 

· Fit a data set to a normal distribution by using the mean and standard deviation of the data set.
	

	Students have already developed an understanding of statistical variability.  They can summarize and describe distributions based on mean and standard deviation.  (Grade 6, Statistics and Probability domain)


	Normal Distribution

· Finding mean and standard deviation of a data set

· Identify normal data

· Find critical values for the normal distribution

· Use critical values and empirical rule to estimate areas under the curve (estimate population percentages)

· Use tables and/or calculators to estimate areas under the curve (estimate population percentages)
	Students will be able to use normal probabilities to perform statistical significance tests and develop appropriate confidence intervals.

	Students have already been introduced to the idea of random sampling and how to draw inferences about a population. (Grade 7, Statistics and Probability domain)
	Random Processes

· Identify types of statistical studies (sample surveys, experiments, and observational studies)

· Identify how to use randomization in statistical studies (sample surveys, experiments, and observational studies)


	Students will be able to design and implement statistical studies using randomization to produce unbiased results.

	Students have already investigated probability and how to develop, use, and evaluate probability models. (Grade 7, Statistics and Probability domain)
	Random Simulations

· Identify appropriate tools (e.g., dice, coin, deck of cards) based on a given probability

· Identify what makes a trial for the model

· Simulate and use results to make inferences.
	Students will be able to design and implement simulations to collect real data based on statistically appropriate procedures.

	Students have already been taught how to calculate mean and develop simulations. (Grades 6 & 7, Statistics and Probability domains )
	Confidence Intervals for a Single Mean or Single Proportion

· Use data to find a mean or sample proportion

· Find the approximate margin of error through simulation (average difference from mean)

· Interpret the confidence interval
	Students will be able to develop statistically accurate confidence intervals and estimate parameters with specific confidence levels for a variety of types of data.

	Students have already drawn informal comparative inferences about two populations. (Grade 7, Statistics and Probability domain)
	Comparing Two Means or Two Proportions for Difference

· Use data from an experiment

· Using means and standard deviations to compare two distributions

· Understand what makes a statistically significant difference
	Students will be able to develop, implement and interpret significance tests for a variety of data types.


Common Misconceptions

This list includes general misunderstandings and issues that frequently hinder student mastery of concepts regarding the content of this unit.

	Topic/Standard/Concept
	Misconception
	Strategies to Address Misconception 

	Appropriateness of Normal Model/

S.ID.4 Recognize that there are data sets for which such a procedure is not appropriate.
	Students become accustomed to using Normal models to approximate data distributions.  They often forget that many distributions cannot be represented by a Normal model (e.g. skewed or multimodal data).
	Spiral questions about appropriateness of Normal model throughout the unit.

Compare percentiles from real-life skewed data and a Normal model and show that they are not equal.

	Sampling/
S.IC.1 Understand statistics as a process for making inferences about population parameters based on a random sample from that population.
	Students sometimes believe a sample is biased because it does not include data from the entire population.
	Emphasize that bias is a systematic misrepresentation of a population.  Remind students that, by definition, a sample cannot include an entire population, but the sample should be representative of the population.

	Simple Random Samples/
S.IC.1 Understand statistics as a process for making inferences about population parameters based on a random sample from that population.
	Students cannot distinguish between a random sample and a simple random sample (SRS)
	Any sample that uses a random device to select members of a population is considered a random sample.  This allows for every member of the population to have an equal chance of being selected.  In addition, a simple random sample must allow for any combination of population members to be selected – there can be no grouping or classifying prior to selecting the sample (i.e. stratifying or clustering).

	Stratified vs. Cluster Sampling/
S.IC.1 Understand statistics as a process for making inferences about population parameters based on a random sample from that population.
	Students confuse stratified and cluster samples.
	Use rows/groups in the classroom to demonstrate the difference between the two.

Stratified: Number each student in each row.  Randomly select two students from each row.

Cluster: Number each row.  Randomly select two entire rows.

	Randomness/
S.IC.2 Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation.
	Students often mistakenly believe that a random process will not include consecutive repeated results.

For example, when flipping coins, students assume after several consecutive results of “tails”, that “heads” is more likely to appear.  Students are depending on a “law of averages” which does not exist.
	Have students perform a random event several times (flipping coins, spinners, random number generation on calculator).  Also, use theoretical probability to show that the probability of getting four tails in a row (TTTT) is the same as the probability of getting tails, heads, tails, heads (THTH).

	Randomness/
S.IC.2 Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation.
	Students use a casual definition of the word “random”, and believe that people can intentionally be random.
	Have students guess whether a list of 10 digits was randomly generated or “randomly” created by a person.

	Experimental vs. Theoretical/
S.IC.2 Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation.
	Students believe that experimental probabilities must equal theoretical probabilities.
	Conduct multiple simulations where theoretical probabilities are known.  Calculate the experimental probability and show that the probabilities are often not equal.

	Experimental Design/
S.IC.3 Recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates to each.
	Students believe an experiment requires a random sample.
	Emphasize that the purpose of an experiment is not to represent a population, but to compare the results of two treatments.  Therefore randomness occurs in the assigning of treatments, and not in the selection of experimental units.

	Observational Studies vs. Experiments/
S.IC.3 Recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates to each.
	Students conclude cause and effect relationships from observational studies.
	Observational studies all have confounding variables because the variables being observed are not being manipulated by a researcher.  The variable being observed occurs naturally with other (confounding) variables.

	Parameter vs. Statistic/
S.IC.4 Use data from a sample survey to estimate a

population mean or proportion; develop a margin of error through the use of simulation models for random sampling.
	Students have difficulty distinguishing between a population mean/proportion and a sample mean/proportion.
	Emphasize notation (p vs. [image: image13.png]1Y



, [image: image15.png]


 vs. [image: image17.png]


)

Use as many real-world examples as possible.

	One Parameter vs. Many Statistics/
S.IC.4 Use data from a sample survey to estimate a

population mean or proportion; develop a margin of error through the use of simulation models for random sampling.
	Students need to be reminded that a population has only one parameter, but each possible sample has its own statistic.

Because there are many possible samples, there are many possible statistics.
	Have students take samples of jelly beans from a jar to estimate the proportion of jelly beans in the jar that are red.  Note that each student will get a different sample proportion [image: image19.png]1Y



, but only the teacher knows the one true proportion p of red jelly beans in the jar.

	Statistically Significant/
S.IC.5 Use data from a randomized experiment to compare two treatments; use simulations to decide if differences between parameters are significant.
	Students believe any discrepancy between treatment results is automatically significant.
	Draw a parallel between inference and our legal system.  While the suspect may have evidence against him, the jury must believe guilt beyond a reasonable doubt.  In comparison, we do not draw conclusions about a population unless a statistic is overwhelmingly unusual.


Model Lesson Plans
The lesson plan(s) have been written with specific standards in mind.  Each model lesson plan is only a MODEL – one way the lesson could be developed.  We have NOT included any references to the timing associated with delivering this model.  Each teacher will need to make decisions related to the timing of the lesson plan based on the learning needs of students in the class. The model lesson plans are designed to generate evidence of student understanding. 

This chart indicates one or more lesson plans which have been developed for this unit.  Lesson plans are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings.
	Standards Addressed
	Title
	Description

	S.ID.4
	Let’s Roll the Dice: Introduction of the Normal Distribution
	The student will find the mean and standard deviation of a data set; find and interpret the standardized score for an observation in a data set; determine if a data set fits an approximately Normal distribution; estimate population percentages using the mean and standard deviation of a Normal distribution and estimate the areas under a Normal curve.




Lesson Seeds

The lesson seeds have been written particularly for the unit, with specific standards in mind.  The suggested activities are not intended to be prescriptive, exhaustive, or sequential; they simply demonstrate how specific content can be used to help students learn the skills described in the standards. They are designed to generate evidence of student understanding and give teachers ideas for developing their own activities. 

This chart indicates one or more lesson seeds which have been developed for this unit.  Lesson seeds are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings.
	Standards Addressed
	Title
	Description 

	S-ID-4
	Empirical Rule


	Reinforcement

The activity in this lesson seed could be used as a follow up to a lesson on the Empirical Rule. Students will demonstrate their understanding of the Empirical Rule as it relates to a normal curve.

	S-ID-4
	What is Normal?


	Reinforcement

The activity in this lesson seed could be used in lesson normality

	S-ID-4
	Normal Distributions-Example of Normal Data


	Developmental

This lesson seed describe a data generating process that will engage students.  By being part of the data generating process students should be more engaged in the development of the concepts.

	S-ID-4
	Standard Deviation

 and M&M’s 


	Developmental

The intent of the activity in this lesson seed is to have students calculate the standard deviation of a set of data by hand. The thought is that seeing where the statistic comes from will increase understanding of what the standard deviation reveals about the data.

	S-ID-4
	Normal Distributions & Z-Scores 


	Reinforcement

To complete the activity in this lesson seed students must first understand how to compute and analyze z-scores.  This activity is intended to help students strengthen their understanding of how to compute and interpret z-scores.

	S.IC.3
	Data Collection Methods Project
	Application 

Students will work with partners to develop a research question that could be answered using a sample survey, experiment or observational study. Students will justify and defend their data collection method as the most appropriate. Students will create a step-by-step procedure for their data collection method.



	S.IC.3
S.IC.5
	Comparing Two Treatments in a Randomized Experiment
	Developmental 

Students will generate data using random assignment in order to describe the difference between two treatments. Students will help design the randomization procedure for an experiment. Students will participate in a randomized experiment. Students will calculate and compare means from the two treatments. Students will discuss the concept of significance and Law of Large Numbers.



	S.IC.5
	Prom Time
	Developmental

Students will conduct a simulation that allows them to generate data and then make inferences about the generated data.




Sample Assessment Items
The items included in this component will be aligned to the standards in the unit .
	Topic
	Standards Addressed
	Link
	Notes

	Transforming Graphs of Quadratic Functions 
	F.BF.3
	http://www.ccsstoolbox.org/

	Check this site periodically for new additions

Click on:

· Resources for Implementation

· PARCC Prototyping Project

· High School Tasks

· Name of the task “Transforming Graphs of Quadratic Functions”

	All topics
	All standards
	http://illustrativemathematics.org/standards/hs

	Check this site periodically for new additions



	Standard Deviation
	S.ID.4
	http://insidemathematics.org/index.php/functions-building-functions-f-bf-high-school

	Students will want to go to their calculators immediately on questions like these. That is an option, but they should know the percentages given by the empirical rule for areas in intervals of one or two standard deviations to either side of the mean under a normal distribution. They should also note that the normal distribution is only an approximation to the true distribution of scores, so the answers are only approximate as well. (Thus, the empirical rule answers are fine, and an increase in the number of decimal places does not necessarily improve the answer!)

	Normal Distributions
	S.ID.4
	http://www.illustrativemathematics.org/illustrations/1020

	This task requires students to use the normal distribution as a model for a data distribution. Students must use given means and standard deviations to approximate population percentages. 

There are several ways (tables, graphing calculators, or statistical software) that students might calculate the required normal percentages. Depending on the method used, answers might vary somewhat from those shown in the solution. 

In problems involving the normal distribution, encourage students to sketch the appropriate normal distribution and to shade the area that corresponds to the desired probability before using tables or technology to obtain the probability. 

	Normal Distributions
	S.ID.4
	http://www.illustrativemathematics.org/illustrations/1218

	The purpose of this task is to have students complete normal distribution calculations and to use properties of normal distributions to draw conclusions. The task is designed to encourage students to communicate their findings in a narrative/report form in context – not just simply as a computed number.

Part (b) of this task might work well if implemented as a small group task, where students could discuss how they might respond. You might also want to ask students to come up with more than one way to justify whether or not Fred should receive a certificate.



	Sampling Methods
	S.IC.1
	http://www.illustrativemathematics.org/illustrations/186
	This task deals with selecting the best sampling method.

	Inference
	S.IC.1
	http://www.illustrativemathematics.org/illustrations/191

	This task deals with finding good estimates of the shape, center and spread of a large population using the shape, center and spread of a distribution of sample statistics (the sampling distribution). 

	Designing a Study
	S.IC.1

S.IC.3
	http://www.illustrativemathematics.org/illustrations/122
	This task revolves around designing a study.

	Inference
	S.IC.1
S.ID.5
	http://www.illustrativemathematics.org/illustrations/123

	This task requires that students demonstrate that they know what it means for two variables to be associated: that if we knew someone were in one group (for example, they like rap), we now know more about their preferences for rock than if we knew nothing at all. 



	Simulation
	S.IC.2
	http://www.illustrativemathematics.org/illustrations/125

	This task requires the student to draw conclusions based on the results of a simulation.

	Statistical Reasoning 
	S.IC.2
	http://www.illustrativemathematics.org/illustrations/244

	This task involves two aspects of statistical reasoning: providing a probabilistic model for the situation at hand, and defining a way to collect data to determine whether or not the observed data is reasonably likely to occur under the chosen model. 

	Design of a Study 
	S.IC.3
	http://www.illustrativemathematics.org/illustrations/1100

	The purpose of this task is to assess understanding of how study design dictates whether a conclusion of causation is warranted. This study was observational and not an experiment, which means that it is not possible to reach a cause-and-effect conclusion. 

This task could be used as an assessment item, or it could be the basis of a small group or whole class discussion


Resources

This section contains links to materials that are intended to support content instruction in this unit.
	Topic
	Standards Addressed
	Link
	Notes

	Sampling Method
	S.IC.3
	http://math.mtsac.edu/statway/

	Module 1 of this link provides lessons that pertain to sampling and conducting experiments.

	Sampling Method
	S.IC.3
S.IC.5
	http://www.amstat.org/education/stew/pdfs/SamplinginArchaeology.pdf

	This lesson plan introduces the different sampling techniques and compares two groups.

	Normal Distributions
	S.ID.4
	http://www.regentsprep.org/Regents/math/algtrig/ATS2/NormalLesson.htm

	The concept of Normal Distribution is introduced in this short online lesson.

	Normal Distributions
	S.ID.4
	http://www.amstat.org/education/stew/pdfs/WhatDoestheNormalDistributionSoundLike.pdf

	This lesson plan introduces what a normal curve looks like.  Students develop a normal curve from a frequency distribution.

	Standard Deviation
	S.ID.2

S.ID.3

S.ID.4
	http://math.mtsac.edu/statway/lesson_2.4.1_version_1.5.A_instructor.pdf

	Upon completing this lesson a student will not only understand how the standard deviation of a data set is determined but will also be able to interpret standard deviation in context.

	
	S.ID.2

S.ID.3

S.ID.4
	http://www.mathsisfun.com/data/standard-deviation.html

	This lesson from the Math is Fun website develops the concept of Standard Deviation. 

	Sampling Method
	S.IC.3
	http://schematyc.stat.ucla.edu/unit_15/river.pdf

	This activity introduces different sampling techniques and shows students the difference between the different techniques.

	Evaluate Reports
	S.IC.6
	http://www.findingdulcinea.com/search.html?keywords=sampling+methods

	This link provides a list of current articles that explain how statistics was used to provide analysis and conclusions. 

	All Topics
	All standards
	http://nsdl.org/commcore/math?id=HS.F

	This is a link to the NSDL Math Common Core Collection.  This collection contains digital learning objects that are related to specific Math Common Core State Standards. 


	All Topics
	All standards
	http://www.ccsstoolbox.org/

	Check this site periodically for new additions

Click on:

· Resources for Implementation

· PARCC Prototyping Project

· High School Tasks

· Name of the task

	All Topics
	All standards
	https://www.desmos.com/

	 This is a link to an online graphing calculator that has many different types of applications

	All Topics
	All standards
	http://insidemathematics.org/index.php/mathematical-content-standards

	This site features classroom examples of innovative teaching methods and insights into student learning, tools for mathematics instruction that teachers can use immediately, and video tours of the ideas and materials on the site.




DRAFT Maryland Common Core State Curriculum Unit for Algebra II               January 2013                                                  Page 34 of 34
★ Modeling standard

_1419757424.unknown

_1419757425.unknown

_1419757423.unknown

