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Instructional Component Used: Data Analysis
Grade Level: 9-12 Secondary
Content (what is taught): 

· Data Analysis
· Modeling
Context (how it is taught):

· Students will observe subjects walking and discuss walking gait analysis.
· Students will use collect and graph acceleration data to analyze walking gaits.
· Students will use Gait Signature Metric (GSM) data to construct and test a predictive model.

Activity Description:

Students will observe subjects walking and discuss parameters that could be used to characterize walking gaits. Students will use accelerometers to collect and graph acceleration vs. time data to analyze their own walking gaits. Students will organize and analyze GSM data to create and implement a model for categorizing subjects as adults or children.
Standards:
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Computer Science
CT:L3:CP:5, CT:L3:CP:9, CCP:L3:MW:4, CCP:L3:CP:7
Materials List: 

· Video clips depicting a variety of walking gaits
· Accelerometers

· Computers with Microsoft Excel (or similar program)
Asking Questions (Walk This Way)

Summary: Students will observe subjects walking and discuss data that could be collected to analyze walking gaits.
Outline: 

· Students will observe subjects walking.
· Students will discuss quantities that could be measured to analyze walking gaits.
· Students will consider data analysis metrics that could characterize walking gaits.
Activity: 
Have students observe several subjects walking with different characteristic walking gaits. Subjects can be individuals in the classroom or in video clips shown to students. Walking gait characteristics can vary between subjects based on factors such as age, health, and activity.
	Questions
	Answers

	How would you describe the walking gait of each subject?
	Students are likely to describe walking gaits with general terms such as “normal” and “irregular” or with descriptions like “limping” and “shuffling”.

	What quantities could be measured to analyze walking gaits?
	Measurable parameters can be spatial/temporal (distance, time, speed), kinematic (acceleration, jerk), or kinetic (force).

	What do the terms symmetry, variability, and dynamicity mean in the context of walking gaits?
	Symmetry quantifies differences between left-foot and right-foot steps Variability quantifies fluctuations from one stride to the next. Dynamicity quantifies variations in kinematic or kinetic parameters within a step.

	How could an accelerometer be used to quantify walking gaits?
	An accelerometer can be worn on the lower trunk to measure and record acceleration along axes that are vertical, lateral, and anterior. This data can be analyzed to calculate metrics that quantify the symmetry, variability, or dynamicity of a walking gait.

	What would a graph of acceleration vs. time look like for a person walking?
	An example of anterior acceleration data collected by an accelerometer worn on the lower trunk:
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Exploring Concepts (Walk This Way)
Summary: Students will use accelerometers to collect and graph acceleration data to analyze walking gaits.
Outline: 

· Students will use accelerometers to collect acceleration data.
· Students will create a graph of acceleration vs. time to analyze walking gaits.

Activity: 
The procedure below can be completed using a Vernier LabQuest 2, which has an internal accelerometer. With the internal accelerometer enabled, the LabQuest 2 can collect data and generate a graph of acceleration vs. time. Students can either use the data and graph displayed by the LabQuest 2 for their analysis or transfer the data to Microsoft Excel (or another capable program) to construct the graphs. Alternative sensor/interface/software systems can be used to collect acceleration data and create a graph, including applications that record measurements from internal accelerometers found in many phones, tablets, and other devices.

Have students complete the following procedure:

1) Attach an accelerometer to the lower back of a student using a belt or strap. The accelerometer should be oriented with its axis horizontal and parallel to the direction the student will be walking.
2) Collect acceleration vs. time data from the accelerometer while the student walks forward.
a) Data should be collected with a sample rate of at least 20 Hz.

b) The accelerometer should interpret the direction from the student toward the wall as the positive direction.

3) Use the collected data to produce an acceleration vs. time graph.
4) Identify features of the graph that could be used to identify each stride, step, or step phase.

5) Calculate parameters such as step time or peak acceleration to quantify characteristics of each stride, step, or step phase.

6) Design metrics to quantify symmetry, variability, and dynamicity for the walking gait.
7) Present results to the class.

Instructing Concepts (Walk This Way)
Data Analysis

Data analysis is the process of collecting, analyzing, modeling data, and making predictions.  The reasons for this process are many but typically the most important are: 1) to find useful information, 2) to make predictions about possible outcomes, and 3) to support and provide evidence for the decision making process.  

Data Collection

The process can start with the collection of data using any number of strategies.  The data collection might take the form of an experiment where you conduct trials in which you measure the effect of one variable on another by controlling all other possible variables.  The collection might be a survey of something by sampling to gather information.  It is important that the survey be unbiased, random, and representative of the group you are sampling.   Data can be present without going out to collect something new.  In the business world it could be historic sales, production, or costs.  In academia it can be test scores.  In engineering, data is collected on production processes, historical usage or environmental factors, and stress or strength measurements. Data is everywhere and often the problem is not finding data but limiting it to what you are looking to study.

Data Analysis

The analysis of the data that was collected is a critical step.  Here you are carefully looking at the data that was collected.  It could be in a spreadsheet or other computer application that can organize the data.  You probably will want to graph the data because trends are easier to see from a picture.  This step is really about identifying trends that might be present.  It is possible that there isn’t a strong trend present in the data.  If there is not a trend it is not necessarily bad.  It just means that the variables are not related.  

Mathematical Modeling

Modeling the data that was collected and analyzed is where the mathematics occurs in this process.  You can use a graphing calculator, computer spreadsheet or other specialized computer application to generate an equation that represents the data.  These uses of technology will also provide statistical measurements like variance and correlation that can help you understand the effectiveness of your equation (model).

Reporting

The final step in this process is to report the data and model that represent it and to make predictions using the model to support decisions.  If you have a model that statistically represents the data accurately it should be possible to make fairly reliable predictions.  You can present the results in printed form, graphically, or a combination of both.  You can show your prediction by showing an extrapolation using your model and present that information as support for a decision.  You need to be cautioned that any predictions that are made are only that, a prediction.  If the trend changes, your prediction will not be correct.  The process of data analysis is a tool to make an educated guess about the future not a guarantee that your prediction will come true.

Organizing Learning (Walk This Way)
Summary: Students will analyze Gait Signature Metric (GSM) data to construct a predictive model for categorizing subjects as adults or children.
Outline: 

· Students will organize GSM data by sorting, graphing, or using other methods.
· Students will analyze data to choose metrics that are likely to yield a reliable model for categorizing adults and children.

· Students will construct a model to predict whether a subject is an adult or a child.

· Students will test their model using data for an unknown subject.
Activity: 
Have students complete the following procedure:

1) Open the sheet “Adults & Children” in the attached file to access GSM data for adults and children.

2) Sort, graph, or manipulate the data in some other way.

3) Identify metrics that could be used to distinguish between adults and children.

4) Use one or more of the metrics to construct a predictive model for categorizing an unknown subject as an adult or a child.
5) Open the sheet “Unknown Subjects” in the attached file to access GSM data for unknown subjects. 
6) Apply your model to predict whether the unknown subjects are adults or children.
7) Assess the reliability of your model and the limitations that introduce uncertainty to your predictions.

8) Present your model and your predictions for the unknown subjects to the class.

9) Unhide Column A in the Sheet “Unknown Subjects” in the attached file to reveal whether each of the unknown subjects is an adult or a child.

10) Discuss the accuracy of your predictions.

Attachment:
T100_RET_Walk_This_Way_O_GSM_Data.xls
Understanding Learning (Walk This Way)

Summary: Students will demonstrate their understanding of data analysis.
Outline: 

· Formative assessment of data analysis.
· Summative assessment of data analysis.
Activity: 

Students will be observed throughout the lesson and will apply their understanding of data analysis to answer questions and solve problems.
Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Do students understand the process of data analysis?
2) Can students analyze data to construct a predictive model?
3) Can students use a model to interpret new data?
Summative Assessment

Students can complete one of the following writing prompts.
1) What is data analysis?

2) How can a predictive model be developed and used to interpret new data?

3) What are some limitations on the reliability of a model constructed by analyzing data?

Students can complete the following performance assessment.
The following Gait Signature Metric (GSM) values were calculated for a group of subjects (3 adults and 3 children):

	
	Adult 1
	Adult 2
	Adult 3
	Child 1
	Child 2
	Child 3

	GSM 1
	3.35
	4.46
	1.24
	3.76
	5.97
	2.08

	GSM 2
	1.78
	1.63
	1.43
	4.39
	2.89
	2.16


a) Which GSM value is likely to yield a more reliable model for predicting whether a new subject is an adult or child? Justify your answer.
b) Analyze the data in the table to construct a model for predicting whether a new subject is an adult or a child. Show your work and justify your methodology.

The following Gait Signature Metric (GSM) values were calculated for two new subjects:

	
	New Subject 1
	New Subject 2

	GSM 1
	2.39
	1.83

	GSM 2
	1.49
	2.10


c) Use your model from (b) to predict whether each new subject is an adult or a child. Explain your reasoning, including an assessment of the reliability of your prediction.
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