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How Random is That? Day 1

Overview of How Random is That?
In 2107-2018, we had an opportunity to work with small groups of 4th-6th grade students as part of an optional enrichment program at a local elementary school. We decided to develop a series of lessons to explore the feasibility of introducing these students to concepts ranging from probability, interpreting and creating visual displays, randomness, to statistical variability, all leading towards an overarching goal of inferential reasoning. The lessons were inspired by numerous sources including Activity-Based Statistics, the CATALST curriculum, Introduction to Statistical Investigations, and modelingdata.org (Lehrer, 2012) to examine how existing materials might be adapted for lower grade levels. 

The resulting series of five lessons, advertised to the students as How Random is That?, incorporates cooperative and active learning techniques where students gather their own data, make observations, and work in groups. Students also use a variety of freely-available applets, and are guided through simulation techniques to test ideas and assess models. The first few lessons could be used as stand-alone optional enrichment activities to give students across grade levels a sense of statistical thinking, or the set of lessons could be used to progressively build student understanding of inferential reasoning. In this article, we present the lessons and some of our reflections, but keep in mind that this was an exploratory project to help understand what could be feasible.

· Day 1: Taking measurement, predicting randomness
· Day 2: More experiments, exploring distributions/interpreting graphs
· Day 3: Patterns to randomness and simulation
· Day 4: Statistical inference for one proportion
· Day 5: Goodness of Fit Test - Are birthday days equally distributed? 

Overview of Day 1 Lesson
For the first lesson, our primary goal was to remind students that variability is everywhere. We wanted to extend what they may have already seen about measurement in elementary school with an emphasis on why measurements might vary. Students used rulers and tape measures to take various measurements (e.g., table circumference, head circumference, tennis ball circumference), then made a “visual display” of the first set of measurements (see Activity Based Statistics, Scheaffer et al., 1996). This introduces novice students to the ideas of statistical variability and averages. Students then participate in the “Can Rats Beat Humans” activity from Statistical Thinking: A simulation approach to modeling uncertainty (Zieffler, 2012) using a guessing game webpage in order to develop initial intuitions of randomness.



GAISE K-12 Components
The lessons included in How Random is That? follow the four components of statistical problem solving put forth in the Guidelines for Assessment and Instruction in Statistics Education (GAISE) Report. The four components are: formulate a question, design and implement a plan to collect data, analyze the data by measures and graphs, and interpret the results in the context of the original question. This is a GAISE Level A activity.

Common Core State Standards: 
· 6.SP.A.1: Recognize a statistical question as one that anticipates variability in the data related to the question and accounts for it in the answers. For example, "How old am I?" is not a statistical question, but "How old are the students in my school?" is a statistical question because one anticipates variability in students' ages.
· 6.SP.A.2: Understand that a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, and overall shape.
· 6.SP.A.3: Recognize that a measure of center for a numerical data set summarizes all of its values with a single number, while a measure of variation describes how its values vary with a single number.
· [bookmark: CCSS.Math.Content.7.SP.A.1]6.SP.B.4: Display numerical data in plots on a number line, including dot plots, histograms, and box plots.
· 7.SP.A.1: Understand that statistics can be used to gain information about a population by examining a sample of the population; generalizations about a population from a sample are valid only if the sample is representative of that population. Understand that random sampling tends to produce representative samples and support valid inferences.

Audience
· This lesson was presented to 6th grade students, but could be used in as early as 5th grade.
· Prior to this lesson, students might have experience with measurements and line plots.

Time Required	
1-2 class periods, or around 80 minutes.

Technology and Other Materials
·  Technology: Access to the guessing game master webpage
· Day 1 handout, rulers, tape measures, poster paper












Lesson Plan

This lesson involves two tasks. A couple of the fundamental ideas in statistics include the ideas of variability and randomness. For students who are being introduced to statistical concepts, it is crucial that they gain a decent understanding of what these concepts mean as they continue to develop more vocabulary and formulate their own questions. Therefore, Task 1 introduces the students to the idea of variability. Each student will take measurements of a few objects where they will then make a prediction about their classmates’ measurements, compile the class’ results into a dot plot, and make observations from the data gathered. The uncertainty that arises from randomness plays a key role in variation. Although developing an understanding of randomness takes ample time and discussion, it is a concept that is involved in a large number of statistical ideas. So, to follow, Task 2 introduces the students to randomness with a probability guessing game similar to that in the book The Drunkard’s Walk: How Randomness Rules Our Lives, by Leonard Mlodinow, who tested humans and non-human animals. After being shown a sequence of lights, students will make their predictions for the next colors and describe their strategy. After finding how accurate their guesses were using percentages, they will consider other strategies and determine which (the one typically used by humans or the one typically used by rats) tends to be the most successful. 

Task 1: Taking the Measure

To begin the lesson, the students will take a total of 4 measurements, 3 of those with a ruler and 1 with a tape measure. These measurements include the circumference of a round table in the room (ruler), your/the teacher’s head (ruler), a tennis ball (ruler), and a tennis ball again (tape measure). The students record their measurements and answer two follow-up questions regarding their classmates’ measurements. They then use poster paper to create a visual display of everyone’s measurement of the table top perimeter. Questions you can ask the students include:
· Did everyone get the same measurements for the table top? Why not?
· How could we use the collection of measurements to estimate the actual table top perimeter?
· How might you tell someone how close the measurements were to the real value?

Task 2: Can you beat randomness?

The term “random” has many connotations based off of the context it is used in. Have a discussion with your students about how they define the word “random.” The following is a definition of randomness from Top Drawer Teachers: Statistics website (Big Ideas, 2013).
“Randomness describes a phenomenon in which the outcome of a single repetition is 	uncertain but there is nonetheless a regular distribution of relative frequencies in a large 	number of repetitions.”

Now, introduce the probability guessing game from Leonard Mlodinow’s best-selling book: The Drunkard’s Walk: How Randomness Rules Our Lives. The game involves showing a sequencing of red and green lights and asking individuals to predict the color of the next light(s) (adapted from the CATALST project, Zieffler, 2012). We used an animated gif to flash a sequence of 10 red or green squares. Students are then asked to predict the next 10 outcomes. 
You will probably also want to have a chart showing them the sequence that they saw. For example:

Green		Green		Green		Green		Green

Green		Green		Red		Green		Green

Red		Green		Green		Green		Red

Green		Green		Green		Red		Green
Another sequence of 10 outcomes is flashed (gif2) and they are asked to check how often they were correct. 

Green		Green		Green		Red		Red

Green		Green		Green		Green		Green

Green		Green		Red		Green		Green

Red		Red		Green		Green		Green

Students can then use a Shiny app (e.g., guessing game) to make predictions one at a time and build a table of their results. The questions on the handout ask students to describe their thinking and how they can evaluate their method and even consider modifying their method. The quality of student responses on this task will depend on large part on the grade level of the students, but this activity should engage them in thinking about randomness and predictability. It may be more effective to encourage students in lower grades to share their thinking rather than writing about it. 

As an extension you can discuss the different strategies used. Typically, humans will use the prior information of which colors have appeared, often trying to balance out the red and green. In contrast, animals such as rats decide which color has appeared more often and then continue to predict that color. Students can apply these two strategies to the provided sequence of lights and see which strategy is correct more often.

Throughout this task, encourage student discussion on the different strategies being used and which might be best. This will get students thinking about different options and how strategies compare to one another. Some discussion questions include:
· What strategy did you use?
· Why did you choose this strategy?
· How are you deciding what makes a good strategy?
· What does random mean to you? Does “random” mean “not predictable”?
· How does randomness play a part in variation?

Attached Materials

· light sequence animated figs and guessing game

Reflections and Additional Recommendations

In Task 1 students seemed to enjoy measuring things “around them” and also enjoyed measuring the instructor’s head. They seemed to understand some different sources of variation in the class measurements, and the graph choices were very diverse; including some that they had recently learned like stem and leaf plots and line graphs. Students found it more challenging to explain why some visual displays are more effective than others. This provides an opportunity to discuss how graphs help tell the story of the data and they should always be considering the context of the investigation. This can also be an opportunity to shift students’ focus from each individual data point to the distribution as a whole, including noticing key features such as shape, center, and spread.
 
A common misconception about “randomness” is that the results can’t be predicted. This lesson can help students start to see predictable patterns, but also limitations in how humans often overgeneralize patterns or think they can “beat randomness.” It also serves as a launching point for follow-up discussions on using simulations of randomness to help decide whether a result is surprising or not.
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