Revised QR Lessons and Assignments for the course of Biology of Humans               Enyuan Shang
QR Learning Goals
1)  Knowledge and conceptual understanding. Students will be able to convert units on the International System of Measurement (e.g., 1 meter = 1000 millimeter, 1 millimeter = 1000 micrometer, 1 micrometer = 1000 nanometer) and able to calculate and convert between the International System and the US custom system based on the formulas [e.g., 1 inch = 25.4 mm, 1 pound = 454 g, and oC = (oF – 32) x 5/9] before they compare quantities.
2) Thinking and other skills. Students will be able to do quantitative reasoning to decide what magnification number is needed and what kind of microscope to use [e.g. light microscope, 1000x; electron microscope, 1 million times) to be able to see a specific organism (e.g., human cells (10um), bacteria (1um), viruses (100nm)] and molecules [e.g. DNA (2nm)], based on the fact that the naked human eyes can see 1 millimeter object clearly.
3) Attitudes, values, dispositions and habits of mind. Students will understand the power of exponential growth and be able to apply it to issues in our life (e.g., how many times of doubling (cell division) will make one cell, a fertilized egg, into a human, with 37 trillion cells).

QR Lessons:
1)  In the first lab class, I will start with an introduction of the International System of Measurement. I will briefly introduce/review the original definition and current definition of basic measurement units (e.g. meter, litter, kilogram, temperature (oC), etc.).   I will introduce the common prefix used in scientific measurement, kilo, milli, micro, nano, and pico. I will briefly review that one meter equals to 1000 millimeter, 1 millimeter equals to 1000 micrometer, and 1 micrometer equals to 1000 nanometer, etc..
2) In our second lab class, Microscope Use, I will give an introduction about the working mechanism and the maximum magnification number of different microscopes. I will state that one millimeter is visible with our naked eye, and most human cells are about 10 micrometers in diameter, most bacteria are at 1 micrometer range, most viruses are at 100 nanometer range, and proteins, DNA, and other molecules are at nanometer range. A classic light microscope can magnify an object 1000 times. So, a bacterium, which is 1 micrometer, after being magnified 1000 times, becomes 1 millimeter, can be seen with our eye. But we cannot see a virus with light microscope. An electron microscope can magnify an object one million times. One millimeter equals to 1 million nanometer. So, with electron microscope, not only can we see a virus, we can actually see a molecule, like a DNA, which is 2 nanometers in diameter.
3) In later classes, Cell Division and Cell Cycle, and Biotechnology, when introduce a widely used technique, Polymerase Chain Reaction (PCR), I will spend time on exponential growth, i.e. doubling. I will state that a human comes from one cell, a fertilized egg. One cell becomes 2, 2 becomes 4, and 8, 16, and 32.... and a human with 37 trillion cells. How many times of doubling makes 37 trillion? We can count, 2, 4, 8, 16... It takes 10 times to reach 1024. So, 10 times of cell division will make 1 cell to approximately 1000, another 10 times will be 1 million, 30 times will be 1 billion, and 40 times will be 1 trillion. It takes about 45 times of cell division to make a human.
For Polymerase Chain Reaction (PCR), we use it to amplify genes, or DNA molecules. DNA polymerase can duplicate DNA molecules every minute in a tube, that is, it can double the number of DNA molecules in one minute. If we found a hair on a criminal scene, there could be a few cells attached on the root of the hair, and we can get DNA from it, and the DNA would be at picogram level, too little to measure, or to examine. With PCR technique, we can amplify the DNA one million times in just 20 minutes. Now we have the DNA in microgram level and enough to do examination and to determine to whom the hair belonged. To make students more engaged, we will play the Zombie Attack game adapted from this website: https://drive.google.com/file/d/0B-ipou9PDtkCU2Iwd1VmU29rUU0/view.

QR Assignments
For the metric system, students will physically measure an object in size (in millimeter) and weight (in gram). Students will also be assigned an online activity at an interactive site that illustrates differences in cell size and importance of using metric units (https://learn.genetics.utah.edu/content/cells/scale/).
In our microscope class, students will hands on practice using different magnification lenses to observe different objects. Students will be asked to calculate the final magnification numbers of different lens combinations, e.g., a 10X ocular lens combines with objective lenses of 4X, 20X, and 40X.  
[bookmark: _GoBack]In our course syllabus, we attach measure unit conversion tables to help students to familiarize with the measurement system and conversion. I will post online quizzes to force students to practice the conversion, calculation, and reasoning, and at the same time, to evaluate the students' understanding of course materials.
For exponential growth, an online virtual PCR experiment will be discussed in class and will also be assigned as a homework (https://learn.genetics.utah.edu/content/labs/pcr/). Online quizzes will be posted to evaluate students’ understanding of the concepts.

