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		TMM005 Calculus I Learning Outcomes 
(All of the fields are required)
	
	



	Your Students’ Learning Experiences and Evidence to Meet the TMM005 Learning Outcomes

	

	Please provide in details the learning and assessment activities and exercises that students undergo in order to meet all of the learning outcomes.  

	All learning outcomes are required and must be met.
	Please provide as part of the submission in the Course Equivalency Management System (CEMS) 1) a working syllabus, 2) sample assessments (e.g., quizzes, exams, assignments, etc.), and 3) a syllabus for pre-req and/or co-req course if the course is required.

	1. Limits and Continuity: Successful Calculus students demonstrate a deep understanding of the concepts of limit and continuity whether described verbally, numerically, graphically, or algebraically (both explicitly and implicitly). At the foundational level, students examine images and preimages of open intervals while comparing properties as the intervals contract. Illustrating and explaining this mapping is at the heart of understanding limits. At the procedural level, students identify common hurdles within the limiting process and select appropriate algebraic options. At the functional level, students categorize limit properties, recognize functions involved in limiting situations, and strategically invoke the broader principles of continuity when establishing consequences. 

The successful Calculus student can: 

1a. analyze limits graphically and numerically. The student visually describes the limiting process with graphs of functions. The student produces/reads tables of function values which illustrate limit properties.*
	

	     1b. find limits algebraically. The student organizes a well-formed presentation of the details involved in the limiting process via formulas.*
	

	1c. recognize and explain limits at infinity. The student furthers his/her understanding of infinity and how to logically work with unboundedness.*
	

	1d. communicate fluently about the concept of continuity.*
	

	2. Differentiation: Successful Calculus students demonstrate an extensive understanding of the concept of differentiation from the details of specific procedures to the logical reasoning of abstracting relationships. Students are comfortable with the algebraic details presented by the definition of the derivative and differentiation rules. Students manipulate algebraic representations to reveal and explain properties and characteristics of derivatives, explicitly and implicitly. Students include properties and characteristics of the derivative into their analysis of situational models. Students articulate the necessity of derivative conditions in abstract reasoning. 

The successful Calculus student can:

2a. apply the definition of the derivative to differentiate a function at a number and extend to an interval, choose appropriate differentiation rules and apply them, and parse formulas for application of the chain rule.*
	

	     2b. operate the derivative as a tool. The derivative measures rates of change, and the student is able to utilize this tool within the framework of a functional model, including connecting the slope of a tangent line with the value of the derivative.*
	

	     2c. work with implicitly defined functions. The student begins to expand his/her idea of function beyond a representation where the dependent variable is isolated on one side of an equation.*
	

	3. Graphing and Optimization: Successful Calculus students fully analyze situations described by functions. Students develop their own strategies and tactics and explain how their plan will coalesce into applicable information. Students summarize their plans, including statements of the situational goal; recognize the types of functions involved; appropriately apply derivatives, limits, and function properties; offer reasoning for their choices and decisions when information was sought; and purposefully arrive at conclusions.

 The successful Calculus student can: 

3a. identify critical numbers and extrema values. The student separates function characteristics from features of the graph.*
	

	     3b. sketch curves/graphs of functions using derivatives and limits. The student acquires a level of competency with visual representations. This is crucial to using technology meaningfully.*
	

	     3c. optimize quantities in applied problems. The student develops some fluency with the application of calculus tools to physical situations modeled by functions.*
	

	4. Integration: Successful Calculus students can reverse the differentiation process. Working symbolically, students recognize the algebraic result of the chain rule, parse expressions into pieces based on their compositional position, and formulate a reasonable antiderivative. Students can quickly apply the chain rule to their suggested antiderivative, identify differences, and effectively alter their antiderivative. As tools, students use definite integrals to describe the accumulation of changes and the antiderivative to measure accumulation. Students communicate this relationship between rates of change and accumulation via the Fundamental Theorem of Calculus. 

The successful Calculus student can: 

4a. create antiderivatives. The student is fluent with the differentiation – antidifferentiation relationship and uses the FTC and integration by substitution.*
	

		4b. measure area of bounded planar regions. Given a planar region whose boundary curves are described by equations, the student describes the situation in terms of functions and accompanying integration setup.*	
	

	     4c. understand the Fundamental Theorem of Calculus (FTC). The FTC connects the measurements of rates of change and accumulation. Understanding this relationship is intrinsic to an understanding of calculus.*
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