Wells and Woes of my first attempt at becoming a Master at Mastery Grading

Rationale Sample Mastery Assignments Level 4
Most college level courses, in particular STEM courses, use a traditional approach to
grading. Here a grade is assigned for a particular evaluation instrument (e.g., quiz, Men ona us ety uctions

homework assignment, test, project, presentation), the material is reviewed following the L
grading process (in class directly or presumably by the student) and the class moves on to wsma. g
new materials. The student presumably learns from his or her mistakes. Despite the
assumed improved knowledge, the student's grade for the assessment only represents
what he or she “knew" at the time of the evaluation. Furthermore, the overall course
grade is typically a composite of these separate evaluations, and therefore, probably not
a measure of the level of a student's knowledge at the completion of the course.
Nonetheless these final course grades are typically used as an indicator of a student's
achievement in job applications and applications for graduate education, scholarships,
and more. Moreover, it is not clear what the real purpose of grades is-whether they are an
indicator of a student's knowledge, effort, ability, or some combination of all three.
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Functions Mastery Level 4
Did you know that there is an entire research community dedicated to finding functions that fit based on

different given information about the function!!!! They essentially try to make computers do what our
brains do every day.

Mathematical connections between bond-stretching

potential functions

If I asked you to find a function such that f(0)=0, f(1)=1 and f(2)=4, you might right away come up with
f(x) =x*2. However there are thousands of other functions that meet this same requirement. How can
we get a computer to pick x*2 from the long list of functions that fit?
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Mathematical connections are useful in enabling a set of parametric data from a chemical
bond-stretching potential function to be applied in a computational chemistry software that
adopts a different potential function. This paper establishes connections between four poten-
tial energy functions in stretching and compression of covalent bonds. The potential functions
that are mathematically connected are: (i) harmonic potential, (if) polynomial series poten-
tial, (iii) Morse potential, and (iv) Murrell-Mottram potential. Two methods are employed
in obtaining the relationships between the four potential functions. The expansion approach
enables the relationships to be made at large bond-stretching, whilst the differential approach
allows for the connections to be made only at infinitesimal bond-stretching. For verification,
parametric data from the Murrell-Mottram potential is converted to parametric data of the
harmonic, polynomial series and Morse potentials. For comparison, the bond-stretching ener-
gies for these functions are plotted. Discrepancy between the Morse and the Murrell-Mottram
potentials at large bond-stretching is discussed in terms of the assumed infinitesimal deforma-

The link above will take you to a book chapter about Systematic Synthesis of Functions authors
Koopman and Plasmeijer. YOU DO NOT NEED TO READ THE ENTIRE CHAPTER!!!

1. Read the abstract and write a short reaction to it including what you think the researcher are
trying to do. (Be brief no more than 1 paragraph)

2. Read the first paragraph. Notice the function defined in the paragraph. Write the function
using piece-wise notation.

3. Show that this function actually represents a factorial.

4, Examine the table 3.1 for the input and output. Pay special attention to the given examples and

Explain to the man on the bus the concept of a function using three of its different visual generated functions column. For the given functions verify that they work by finding f(2), (3),

For mOny STUdenTS, grOdeS Ore On imporTOnT mOﬂVOTOf. VOriOUS mOdels Of |eOrning SUggeST representations (arrow diagram, Cartesian plane, and function notation) without using the word

Let p(t) = 482 (¢ + 6¢) and observe that p(¢) = f(¢) - g(t). Rewrite the formula for p by distributing the 4¢> term. Then, compute p/ (¢ f(4), and f(5). tion
. . . . function, graph, cartesian plane, or variable. You should use at least two pages (hand written with using the sum and constant mulciple rules.  WORDS: bond-stretching, potential functions, molecular mechanics, force fields, math-
that grades can be used to increase learning. Mastery grading is one approach that has bl o e et el LT bth s g s — i kRl s
become increasingly popular and as more research is done, greater evidence of the . R
effectiveness of this approach compared to other grading approaches on learning

With recent advances in nanotechnology and molecular-scale engineering, the sci-
entific community sees ever increasing importance of computational chemistry m sim-
ulating physical properties of nano-structured materials and working performance of
nano-scale devices. Though improvement of computer speed has enabled ncreasing
application of quantum mechanics-based computational chemustry software, the very
same improvement enables faster computation by the molecular mechanics approach.

via

Cheating: It quickly became clear that many students were cheating so that once one
person mastered the assignment (typically by going to the Sl instructor) a whole group of

outcomes for students is shown.

Motivations Sample Mastery Assignments Level 2 Wells and Woes:

Ultimately as an professor my goal is for my students to learn the course materials and not
just “pass” the class. This motivation is often not shared by the students who typically are

focused on passing with a certain grade on their transcripts and may not be interested in a 10. Fid the pits ofnscin o the gph o y = ~w nd e e’ 47 =2, orhelpwr o | fhem would "magically master” the assignment with all the same mistakes.
full understanding of the course materials. (Sad but True) 11 Fing o) solutons b logy(s* -3z - 7)= 1 0= 0{x-h)" +K d

12, Fin all soutons to Jogy2s + 1) ~ logy(% - 1) = 1 Due Dates: Assignments were not given with due dates so students could turn in a mastery
So, 13 Fidal selons 0 -+ 1) - 1 =0, (o= myrb Qy +h attempt at any time. Special mastery days were schedule for the class so that students

. . . . 14 Fisd all sotions to Lse2% =71 () = 001 0-0%) ' could work towards Mastery. On these days students were encouroggd to turn in at least

How do | motivate my students fowards learning and not just passinge 15 Fid l sltons fo ¢ - 2~ 1 T two assignments for mastery check. However, most students procrasfinated.

’ /olgt\ = Q,{) = A/
How can | set up my course so that the grade students receive does actually reflect their 1. Simplly (m) - 1+ ceM 2o Return/Feedback: | was not able to return mastery assignments in a timely fashion so many
knOWIGdge |eCIVing the course?¢ 17, Grapl the parabola with vertex: (2, 3) which opens upwards and has twice the width students were ngng for feedback. | OTTempTed fo combat this by CIlWOYS hGVing

ofy= " Wit it equaton K= 0 sy (b(X'C)) T ‘ something for students to do in the interim, but that did nof sit well psychologically for some

How can | use grgdes as a motivator for mQS‘I'ery of |egrninge 18. Graph the following functions on the intorval |~5, 5 and identify any z-and y interceps LA students.

and vertical/horizontal asyniptotes (if they exist).

: : : 70 = lnlox
These are questions | asked of myself and these same questions motivated me to attempt RGPy

mastery based grading for my Calculus and Analytic Geometry Course Fall 2019.

Grading Scale: The mastery grading scale was 0/1 which would indicate that you
mastered a level or did not. However, this grading scheme was daunting and did not
Find the first arid second derivatives. Use thein to find the critical points and label them as irflection reﬂeCT The dlfferenT |eve|s Of STUdenT mOSTery. | need TO eXTend IT TO InC|Ude progreSSI\/e
points, maw/min. Determine whether the function s increasing/decreasing/concave up/concave | eve |S Of fgle STe I’y o

down/neither. Determine any horizantal ar vertical asymptotes. Discuss values of the cafistants that

change behavior of the functions. Sketch a graph of the function {discuss what happens as each
Sample Mastery Assignments Level 3 For Future Iterations

constant changes alone.as well as in conjunction with the othersin the function).

Set up Bloom’s Taxonomy

Produce new or original work
e Design, assembie, construct, conjecture, develcp, formutate, author, investigiate

. . mm,mm:m;««:,uw,mum.mn
Mastery Based Grading Homework Assignments: A

analyze

| Overall Mastery Grading did motivate some students to be more focused on learning. So it
Find +0 funchons  h(x) and g(x} Such that is a keeper.

Draw connections among ideas

SIS [ COmPATS Comiraet, RSN S Mastery Level 3 Assignment functions @ print P Find EF

( e "\ Useinformation in new situations
APPIYERIIR, oo e e s e o

Level 1: Mainly procedural/Calculations Based assignments — Remember, Understand, Apply y
Level 2: Building on Procedural, Exploring more conceptual — Analyze/Evaluate understand gﬁ%:ﬁwmmm
Level 3: Building on Procedural and Analyzing abilities, more abstract conceptual —Analyze/Evaluate e T

Mastery: Usually 1-3 problems that involves read/exploring something new and combining past knowledge to find a |+ remember N\ oerine.auplcate it memerize, repedt state
solution to a new problem - Create

HO = b))  and  G)= 4(x) Levels: Thg different levels worked well and using Bloom's Taxonomy as a guide was
4) h(x) another bright spot. Also a keeper.

Mastery Level 3 Assignment - Functions Review (Calc | Fall 2019)

Question 1: The equation 2x + ky = -k is the equation of a line. Describe a way in which the following
can happen and determine the value of k that makes it possible (if you think it is impossible tell why):

%ﬂfmm e N ad H'0) = 64) , but hi) #9() Due Dates Do over: Instead of allowing assignments fo be turned in at any fime. | plan to
This is the text as it appeared on the course syllabus accompanied by s Evalie  The I has  sope of 3 ' ; / set a mastery by date for each of the sections. Additionally, | plan to keep Mastery

. The line has an x-intercept of -4
. The line has a y-intercept of -5

the two graphics of Bloom's taxonomy for learning. AT A"a'\;

Applying the facts, rules,
concepts, and ideas \Aﬂl’
The course was broken up into 4 different sections: Functions, Limits, Undev

Derivatives, Basic Integration

Thursdays but put a cap on the number of assignments that can be turned in per week. So
that students should submit a minimum of two and a maximum of four assignments per
week.

. The line is vertical

aﬂd hix) and 3[)() au ot Constant {meﬁmg;

. The line is horizontal

Question 2: Show that, if f(x) = x* - 4x, there is a number x=a such that f(x) with domain x<a has an

inverse g(x) and that f(x) with domain x>a has an inverse, but g(x) is not equal to h(x).

Assignments Grading: | plan on making some assignments shorter and requiring

Each section consisted of 4 levels of mastery which consistently contained the same vt ffc sl il vt b e, T ko explanations only for a subset of the problems in an assignment so that students are not
epict the volume of water in cubic inches based on the depth in inches of the water. Using these . . . . .
elements: goss s sl shape o e e s oot our sho i s el overwhelmed with the volume of assignments and having to write an explanation for every

with pictures. Be sure to argue your point using volume height relationships as well.

Level 1: Writing Assignment, Problems solved on a mathematical software Edfinity
Level 2: A worksheet typically given in class
Level 3: A shorter more involved worksheet (typically 3-4 problems that extend the

concepts Cheating: | have no solution for this at this time, but | welcome suggestions.
Level 4. The concepts in a new situation (typically an application of the calculus concepts)

problem. This will hopefully help with returning assignments sooner as well since | will not
have to read all of the explanations.

Looks fine to me. Thanks for letting me h...

e W D yOuT posterd 0) -:"‘.‘ Ena
if you are willing to have your poster shared on Marian’s

Student Comments:

“She gave to much homework for no deadlines. Because be realistic we are college students we are not going to do them to much ahead of time.”

“Nobody knew what was due until about week 6. "

“With multfiple types of homework and no deadlines, it was easy to lose track of what assignments needed to get done. In addition, her demands for complete mastery of assignments to earn any credit seemed unreasonable and her feedback was often vague. "
"While | understand and appreciate that she was trying to get us to put in effort and work through problems on our own, | feel that her expectations were too high considering this was the first calculus course many of us took”

"if this class was supposed to be set up as a mastery class, where students could redo assignments until mastered, | feel like more effort needed to go into returning these assignments quicker. Either that or assign less.”

“The way the course was structured with "mastery” was a new experience for me. | have taken several calculus classes and | feel this was the most mentally stimulating class | have taken. | have never had so many real life applications given in a calc class and the way they were given with mastery made me feel like | was
finally being challenged in a real college classroom”
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