Shuffling the particle deck
DRAFT Teacher Notes
Description

Standards
NGSS practices:

2. Developing and using models
4. Analyzing and interpreting data
5. Using mathematics and analytical thinking
8. Obtaining, evaluating and communicating information
IB Physics Core:

Topic 7.3 Understandings
· Quarks, leptons, and their antiparticles

· Exchange particles
Enduring Understanding
The fundamental particles of the Standard Model can be organized according to their characteristics.
Learning Objectives

As a result of this investigation, students will be able to:

1. Give an account of how fundamental particles relate to each other based on their characteristics.
2. Explain how particles compare with their antiparticles. 
Prior Knowledge

None needed. Part A of this activity is actually best done before students have been exposed to the Standard Model.
Materials
Netzwerk Teilchenwelt Particle Cards, one set for each 3-8 students
Small tables
Background Material
Searching for the Building Blocks of Matter, http://ed.fnal.gov/projects/exhibits/searching/ 
Resources
Particle cards, https://quarknet.org/sites/default/files/particlecardseng_0.pdf  (must be cut out)
Symmetry Interactive Standard Model, http://www.symmetrymagazine.org/standard-model/
Implementation

Each student group gets a deck of particle cards with prior to their introduction to the Standard Model. The teacher should instruct the groups that they have about 15 minutes to ogranize the cards based on the properties printed on the front of eaach card: matter vs. antimatter, mass, three kinds of charge, and lifetime. The teacher should assure students that whatever organization they make will be fine and likely show insights. The teacher should circulate as groups work, encouraging their progress. If students have trouble with what to do, the teacher can make suggestions, e.g. “Why don’t you try lining them up by mass to start…and then go from there?” 

About 2/3 of the way into the alloted work time, the teacher should ask each group to choose a spokesperson to briefly explain their organizational scheme. At the end of the work time, each group should report to the others.
If, as is often the case, the activity will be followed by an intorduction to the Standard Model, the speaker should at appropriate points mention how the Standard Model organization is similar to what they students figured out themselves.

Assessment
Assessment is informal; the teacher looks for an ability to effectively categorize and organize the fundamental particles cards during the students’ presentations.
