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	Throughout the AP Biology course, students will develop skills that are fundamental to the discipline of biology.  Since these science practices represent the complex skills that adept biologists demonstrate, students will benefit from multiple opportunities to develop these skills in a scaffolded manner.  The science practices enable students to apply their content knowledge and establish lines of evidence, using them to develop and refine testable explanations and predictions of natural phenomena. The science practices that follow capture important aspects of the work that scientists engage in, at the level of competence expected of AP Biology students. These practices are effectively integrated with the course content and can be paired with a variety of learning objectives. You are strongly encouraged to design instruction with these science practices in mind.
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Below are the standards taught and assessed in this unit. 
	Science Practice
· Learning Objectives (Students will be able to…)

	Science Practice 2 – Visual Representations
· Science Practice 2.D – Represent relationships within biological models, including a) mathematical models, b) diagrams, and c) flow charts.

Science Practice 3 – Questions and Methods
· Science Practice 3.A – Identify or pose a testable question based on an observation, data, or a model.
· Science Practice 3.B – State the null and alternative hypothesis or predict the results of an experiment.
· Science Practice 3.C – Identify experimental procedures that are aligned to the question, including a) identifying dependent and independent variables, b) identifying appropriate controls, and c) justifying appropriate controls.

Science Practice 4 – Representing and Describing Data
· Science Practice 4.A – Construct a graph, plot, or chart (X,Y; Log Y; Histogram; Line, Dual Y; Box and Whisker; Pie) which includes a)Orientation, b)Labeling, c) Units, d) Scaling, e) Plotting, f) Type, and g) Trend Line
· Science Practice 4.B – Describe data from a table or graph, including a) Identifying specific data point, b) Describing trends and/or patterns in the data, and c) Describing relationships between variables

Science Practice 5 – Statistical Tests and Data Analysis (Perform statistical tests and mathematical calculations to analyze and interpret data.)
· Science Practice 5.A – Perform mathematical calculations, including a) Mathematical equations in the curriculum, b) Means, c) Rates, d) Ratios, e) Percentages
· Science Practice 5.B – Use confidence intervals and/or error bars (both determined using standard errors) to determine whether sample means are statistically different.
· Science Practice 5.C – Perform chi-square hypothesis testing.
· Science Practice 5.D – Use data to evaluate a hypothesis (or prediction), including a) Rejecting or failing to reject the null hypothesis, and b) Supporting or refuting the alternative hypothesis

Science Practice 6 – Argumentation
· Science Practice 6.A – Make a scientific claim.
· Science Practice 6.B – Support a claim with evidence from biological principles, concepts, processes, and/or data.
· Science Practice 6.C – Provide reasoning to justify a claim by connecting evidence to biological theories.
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Suggested daily guide for instruction in this unit.	

	Lesson #1: Means, Rates, Ratios, Percentages, and Percent Change in Mass
	Date:

	Objective
SWBAT:  Calculate and describe common statistical metrics such as mean, median, mode, and percent change.
Standards
Science Practice 5.A Perform mathematical calculations, including mathematical equations in the curriculum, means, rates, ratios, and percentages.
Vocabulary
Mean
Median
Mode
Percent change
Science Practices
Science Practice 2.D – Represent relationships within biological models, including a) mathematical models, b) diagrams, and c) flow charts.

Science Practice 5.A Perform mathematical calculations, including mathematical equations in the curriculum, means, rates, ratios, and percentages.


	Instructional Notes
This activity is meant to get the students thinking about math again. These are all things that they have learned in the past, but decent chance that they have forgotten how to do. This is crucial because we will have so many different math-related activities throughout the year. This activity will focus on mean, median, mode and range.

Part 1: Students will be participating in a guided activity regarding the calculation and descriptions of mean, median, and mode.

Part 2: Student will be given time for independent practice on the three types of statistical metrics.


Part 3: Students will work through, with teacher guidance, an activity involving percent change of mass.

Before attending this lesson, students would need basic math skills (from their elementary and middle school days).  The concepts/skills learned in this lesson will be needed for upcoming lessons where chi-square, standard deviation, and standard error.
	Lesson Look Fors
Look for teachers to:
· Walk students through the steps of using their calculator when they need assistance
· Provide real-world examples of when mean, median, mode, and percent change are important in students’ everyday lives

Look for students to: 
· Make connections to not only biological content, but also to real-world instances where these statistics are used
· Utilize their calculator to help drive their math prowess
· Differentiating mean, median, and mode from one another

Students Do and Know
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	· Calculate the mean of a set of data.
· Calculate the median of a set of data.
· Calculate the mode of a set of data.
· Calculate the percent change in mass.
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	· The mean is the same as the average value of a set of data.
· The median is the central number of a data set.
· The mode is the number in a data set that occurs most frequently.
· Percent is a number or ratio expressed as a fraction of 100.

	
	







	Lesson #2: Hypotheses (null vs alternate)
	Date:

	Objective
SWBAT:  Collect data and graph sample means in order to compare different types of Oreos.
Standards
· Science Practice 3: Questions and Methods
· Science Practice 4: Representing and Describing Data
· Science Practice 5: Statistical Tests and Analysis
Vocabulary
Mean
Null hypothesis
Alternate hypothesis
Science Practices
· Science Practice 3: Questions and Methods
· Science Practice 4: Representing and Describing Data
· Science Practice 5: Statistical Tests and Analysis

	Instructional Notes
The students will be learning the difference between a null hypothesis and an alternate hypothesis, as well as how to write them effectively.  Students will be gathering data on the mean mass of Oreo fillings, calculating the standard deviation and standard error, and then graphing this data to show statistical significance.



The students will be testing the scientific question that they decide on by measuring the mass of each cookie and the cream filling. Mass is the amount of matter in an object and is measured by using an electronic scale. They will create a graph to display the relationship between the type of Oreo and the amount of filling it has. 

You will not be able to get students through all phases of the lesson in one class period.  You should be able to get them through page 4 of the handout (activity).


	Lesson Look Fors
Look for teachers to:
· Scaffold learning around students’ current ability to do basic math and algebra calculations
· Walk students through the steps of using their calculator when they need assistance
· Encouraging students to create their own hypotheses, but scaffolding where needed

Look for students to: 
· Make connections to not only biological content, but also to real-world instances where these statistics are used
· Make their own null and alternate hypothesis if they are capable.
Students Do and Know
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	· State the null and alternate hypotheses
· Collect data on Oreo filling
· Create a graph of sample means
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	· The dependent variable (the one that is measured) is either changed or not changed by the independent variable (the one that is changed/manipulated).
· The experiment needs to have a control in order to compare the experimental data to in order to ascertain if there is a true difference caused by the independent variable.

	
	











	Lesson #3: Standard Deviation and Standard Error
	Date:

	Objective
SWBAT:  Calculate and describe both standard deviation and standard error.
Standards
· Science Practice 3: Questions and Methods
· Science Practice 4: Representing and Describing Data
· Science Practice 5: Statistical Tests and Analysis
Vocabulary
Mean
Standard deviation
Standard error
Null hypothesis
Alternate hypothesis
Science Practices
· Science Practice 3: Questions and Methods
· Science Practice 4: Representing and Describing Data
· Science Practice 5: Statistical Tests and Analysis

	Instructional Notes
Today is a continuation of the Oreo Lab that started yesterday.  So far in the lab, the students have learned the difference between a null hypothesis and an alternate hypothesis, as well as how to write them effectively.  Today they will also learn how to calculate and describe both standard deviation and standard error.  Students have gathered data on the mean mass of Oreo fillings, and now will use these two statistical metrics to test for statistical significance, i.e., are double stuff Oreos really “double the stuffing.”  

Students collect data from other groups and find the “filling” value for 12 different cookies each for each of the three different types of Oreos and fill out the table on page 5 of the lab document.  Then, they watch a video on standard deviation.  Using what they learned they determine the SD for each of the three columns.  Then they watch a video on calculating standard error. With this knowledge they determine the standard error for each of the three columns.

Next, on page 6 of the packet, they graph the means of the three columns and include SEM error bars on each bar.  If the SEM bars overlap with those of another bar, then they are NOT statistically different from one another.

Students will need basic math skills (adding, subtracting, multiplying and dividing), as well as basic algebra for the two main equations in this lesson: standard deviation and standard error.
	Lesson Look Fors
Look for teachers to:
· Scaffold learning around students’ current ability to do basic math and algebra calculations
· Walk students through the steps of using their calculator when they need assistance
· Provide real-world examples of when mean, median, mode, and percent change are important in students’ everyday lives
· Encouraging students to create their own hypotheses, but scaffolding where needed

Look for students to: 
· Make connections to not only biological content, but also to real-world instances where these statistics are used
· Utilize their calculator to help drive their calculations of standard deviation and standard error
Students Do and Know
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	· Calculate standard deviation.
· Calculate standard error.
· Graph the sample means and their appropriate standard error of the mean bars.
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	· Standard deviation is a measure of how dispersed the data is in relation to the mean (in a single sample).
· Standard error describes variability across multiple samples of a population. 

	
	


Closing the Knowledge Gap:  Bozeman Videos
Standard Deviation
Standard Error






	Lesson #4: Chi Square
	Date:

	Objective
SWBAT:  Calculate chi-square and determine if they should reject or fail to reject their null hypothesis.
Standards
Science Practice 3.B – State the null or alternative hypotheses or predict the results of an experiment.
Science Practice 5.A – Perform mathematical calculations
Science Practice 5.C – Perform chi-square hypothesis testing
Science Practice 5.D – Use data to evaluate a hypothesis (or prediction), including a) rejecting or failing to reject the null hypothesis, and/or b) supporting or refuting the alternative hypothesis.
Vocabulary
Null hypothesis
Alternate hypothesis
Dependent variable
Independent variable
Chi-square
Science Practices
Same as standards above.
	Instructional Notes
The students will learn about evaluating a null hypothesis with a chi-squared goodness of fitness test. In this activity, students will be:
1. Writing and testing a null hypothesis that pertains to an investigation
2. Determining the degrees of freedom
3. Calculating the chi-square value (2) from observed data
4. Determining if the 2 value exceeds the critical value and if the null hypothesis is accepted (fail to reject) or rejected

Students will count all their M&M's and get group data. From there we will find the expected values and then calculate the chi squared value. Then we will find the degrees of freedom and from there we will find the critical value and determine if we will reject or fail to reject our null hypothesis. We will then get class data using an excel spreadsheet.

They will need basic math skills (adding, subtracting, dividing, and basic algebra for the two equations.) 

The equations are given, and no memorization needed, just to be able to use.
	Lesson Look Fors
Look for teachers to:
· Allow students to have productive struggle, allowing them to at least attempt the calculations without any help
· Allow for productive struggle when students are creating their own null and alternative hypothesis
· Prevent students from eating the M&Ms during the investigation (this will skew the data ).

Look for students to: 
· Make connections to not only biological content, but also to real-world instances where these statistics are used
· Utilize their calculator to help drive their calculations of chi-square.

Students Do and Know
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	· Calculate chi-square values and determine whether they are above or below the appropriate critical value.
· Determine based on the chi-square value you will need to fail to reject or reject the null hypothesis.
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	· The chi-square test compares count data (observed) in different groups to their expected counts within each group.
· The null hypothesis is the claim that the independent variable will have no significant effect on the dependent variable.
· The alternate hypothesis is the claim that the independent variable WILL have a significant effect on the dependent variable.



	
	




	Lesson #5: Graphical Analysis
	Date:

	Objective
SWBAT: Analyze graphical data for different types of graphs by labeling and creating graphs from biological data.
Standards
· Science Practice 4.A Construct a graph, plot, or chart (X,Y; Log Y; Bar; Histogram; Line, Dual Y; Box and Whisker; Pie).
· Science Practice 4.B Describe data from a table or graph, including a. Identifying specific data points. b. Describing trends and/or patterns in the data. c. Describing relationships between variables.
· Science Practice 5.B Use confidence intervals and/or error bars (both determined using standard errors) to determine whether sample means are statistically different.
· Science Practice 6.A – Make a scientific claim.
· Science Practice 6.B – Support a claim with evidence from biological principles, concepts, processes, and/or data.
· Science Practice 6.C – Provide reasoning to justify a claim by connecting evidence to biological theories.
Vocabulary
x-axis
y-axis
trend line
line graph
scatter plot (graph)
bar graph
histogram
Science Practices
Same as the standards seen above
	Instructional Notes
Graphing is an essential skill not just for AP Science students, but more importantly to be able to effectively analyze data and construct meaning from it in the real world.  The College Board is very interested in AP Biology students constructing graphs from data that is given and/or analyzing already constructed graphs, which is evidenced by almost 25% of the points possible for students to earn being tied to graphing skills over the last few years on the AP Biology Exam.

Today is all about students practicing their graphing skills on all of the listed types of graphs by learning how to construct and read them.  

Part 1:  Students are led through a review of the crucial parts of a graph (title, IV, DV, scale, and legend).

Part 2: Students are led through an activity where they get to experience the different types of graphs that they will need to be familiar with in AP Biology.
· X,Y
· Log Y
· Bar 
· Histogram
· Line
· Dual Y
· Box and Whisker
· Pie

Part 3: Students will practice labeling the components of a graph.

Part 4: Students will practice constructing and analyzing graphical components.

Part 5:  Students will practice analyzing graphs.

	Lesson Look Fors
Look for teachers to:
· Allow students to have productive struggle when first attempting to create the different types of graphs
· Walk students through the different types of graphs, but allow them to attempt to create the graph on their own
· Allow students to attempt to analyze the graph and make conclusions by themselves before helping them.

Look for students to: 
· Make connections to not only biological content, but also to real-world instances where these statistics are used
· Struggle with particular types of data and the graphing of that data
· Make connections to not only biological content, but also to real-world instances where these statistics are used

Students Do and Know
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	· Construct and analyze a line graph.
· Construct and analyze a bar graph.
· Identifying components of graphs
· Analyzing data from multiple types of graphs
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	· The main components of a graph are the independent variable, dependent variable, title, and the scaling.
· A line graph connects individual data points that, typically, display quantitative values over a specified time interval.
· A bar graph is a diagram in which numerical values of variables are represented by the height or length of lines or rectangles of equal width (usually used when you have categorical data).
· A histogram is a visual representation of the distribution of quantitative data.
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	Review for Unit Exam 0

	Day 7
	Administer Unit Exam 0



UNPACKED STANDARDS
Focus standards for this unit.

	Standards Clarification 

	Standards
	Specificity
	Notes/Explanations/Examples

	Science Practice 2.D – Represent relationships within biological models, including a) mathematical models, b) diagrams, and c) flow charts.

	Cognition: Represent
Content: relationships within models, including
mathematical models, diagrams, and charts
	

	Science Practice 3.A – Identify or pose a testable question based on an observation, data, or a model.
Science Practice 
	Cognition: Identify
Content: a testable question based on an observation, data, or a model.

Cognition: Pose
Content: a testable question based on an observation, data, or a model.

	

	Science Practice 3.B – State the null and alternative hypothesis or predict the results of an experiment.

	Cognition: State
Content: null and alternative hypothesis

Cognition: Predict
Content: results of an experiment
	

	Science Practice 3.C – Identify experimental procedures that are aligned to the question, including a) identifying dependent and independent variables, b) identifying appropriate controls, and c) justifying appropriate controls.
	Cognition: Identify
Content: experimental procedures that are aligned to
the question, including a) identifying dependent and
independent variables, b) identifying appropriate
controls, and c) justifying appropriate controls.
	

	Science Practice 4.A – Construct a graph, plot, or chart (X,Y; Log Y; Histogram; Line, Dual Y; Box and Whisker; Pie) which includes a)Orientation, b)Labeling, c) Units, d) Scaling, e) Plotting, f) Type, and g) Trend Line

	Cognition: Construct
Content: graph, plot, or chart (X,Y; Log Y; Histogram; Line, Dual Y; Box and Whisker; Pie) which includes a)Orientation, b)Labeling, c) Units, d) Scaling, e) Plotting, f) Type, and g) Trend Line

	

	Science Practice 4.B – Describe data from a table or graph, including a) Identifying specific data point, b) Describing trends and/or patterns in the data, and c) Describing relationships between variables
	Cognition: Describe
Content: graph, plot, or chart (X,Y; Log Y; Histogram; Line, Dual Y; Box and Whisker; Pie) which includes a)Orientation, b)Labeling, c) Units, d) Scaling, e) Plotting, f) Type, and g) Trend Line
	

	Science Practice 5.A – Perform mathematical calculations, including a) Mathematical equations in the curriculum, b) Means, c) Rates, d) Ratios, e) Percentages

	Cognition: Perform
Content: mathematical calculations, including a)
Mathematical equations in the curriculum, b) Means,
c) Rates, d) Ratios, e) Percentages
	

	Science Practice 5.B – Use confidence intervals and/or error bars (both determined using standard errors) to determine whether sample means are statistically different.

	Cognition: Use
Content: confidence intervals and/or error bars (both
determined using standard errors) to determine
whether sample means are statistically different.
	

	Science Practice 5.C – Perform chi-square hypothesis testing.

	Cognition: Perform
Content: chi-square hypothesis testing.

	

	Science Practice 5.D – Use data to evaluate a hypothesis (or prediction), including a) Rejecting or failing to reject the null hypothesis, and b) Supporting or refuting the alternative hypothesis
	Cognition: Use
Content: data to evaluate a hypothesis (or prediction),
including a) Rejecting or failing to reject the null
hypothesis, and b) Supporting or refuting the
alternative hypothesis
	

	Science Practice 6.A – Make a scientific claim.

	Cognition: Make
Content: a scientific claim
	

	Science Practice 6.B – Support a claim with evidence from biological principles, concepts, processes, and/or data.

	Cognition: Support
Content: claim with evidence from biological
principles, concepts, processes, and/or data
	

	Science Practice 6.C – Provide reasoning to justify a claim by connecting evidence to biological theories.
	Cognition: Provide
Content: reasoning to justify a claim by connecting
Evidence to biological theories.
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Domain-specific words and definitions for this unit.
	Key Content Vocabulary

	Mean – the average of a data set
Median – value separating the higher half from the lower have in a set of numbers
Mode – most common number that appears in a set of data
Percent change – the change in value divided by the absolute value of the original value, multiplied by 100
Standard deviation – measure of the amount of variation of a random variable expected about its mean.
Standard error – describes variability across multiple samples of a population.
Null hypothesis – claim that the effect being studied does not exist, i.e., the independent variable will have no significant effect on the dependent variable.
Alternate hypothesis – claim that the independent variable WILL have a significant effect on the dependent variable.
Dependent variable – variable that is being measured or tested in an experiment.
Independent variable – the characteristic of an experiment that is manipulated or changed by researchers
Chi-square – a statistical test used to examine the differences between categorical variables from a random sample in order to judge the goodness of fit between expected and observed results.
Control – when a researchers utilize techniques to minimize the effects of extraneous variables
Standard error – describes variability across multiple samples of a population.
x-axis – the principal or horizontal axis of a system of coordinates, points along which have a value of zero for all other coordinates.
y-axis – the secondary or vertical axis of a system of coordinates, points along which have a value of zero for all other coordinates.
trend line – a line meant to show a pattern or tend on a graph
line graph – A line graph connects individual data points that, typically, display quantitative values over a specified time interval.
scatter plot (graph) – A scatter plot (graph) has points that show the relationship between two sets of data.
bar graph – A bar graph is a diagram in which numerical values of variables are represented by the height or length of lines or rectangles of equal width (usually used when you have categorical data).
Histogram – A histogram is a visual representation of the distribution of quantitative data.
X,Y Graph – This is your standard graph with the independent variable (what you change in experiment, often a unit of time) on the X-axis and the dependent variable (what you measure in an experiment) on the Y=axis.
Log Y graph – This graph is similar to the X,Y graph except the Y axis is a logarithmic scale.  
Dual Y graph – A graph showing two dependent variables (Y-axes) for the same independent variable (x-axis).  The Y-axes are placed at opposite ends of the X-axis and scaled and labeled independently.
Box and whisker Graph – A graphic way to display the median, quartiles, and extremes of a data set on a number line to show the distribution of the data.
Pie graph – A special chart that uses "pie slices" to show relative sizes of data. The chart is divided into sectors, where each sector shows the relative size of each value. The total equals 100%.
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In science, nary literacy is synonymous with the science and engineering practices. The SEPs are the context through
‘which all science concepts should be taught. In the lessons, you will find the Science and Engineering practices icons when

the SEPs are being explicitly used by students.
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