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In response to a series of related questions, we found that there was considerable variability in students' responses (Carlson, 1998 ; Carlson et al., 2002 ; Thompson, 1994a ). While most
students could construct a function and describe its characteristics for simple situations ( MA4–6), fewer students could understand the graphs of even basic functions such as the sum of

cubes, the reciprocal of the denominator, or the log of the base, and still fewer students could follow the reasoning behind a symbolic explanation. During the development of the
Precalculus Concept Assessment Instrument ( Carlson, Engelke, Oehrtman, submitted ), we encountered instances in which students' understanding of functions was very weak, and they

were missing the requisite reasoning skills to model the changing nature of a wide array of functions ( Carlson & Carlson, 2001 ; Carlson, Smith, Persson, & Johnston, 2002 ; Carlson et
al., 2002 ). We came to understand that students who think about functions only in terms of symbolic manipulations and procedural techniques are unable to comprehend a more
general mapping of a set of input values to a set of output values; they also lack the conceptual structures for modeling function relationships in which the function value (output
variable) changes continuously in tandem with continuous changes in the input variable ( Carlson, 1998 ; Carlson, Smith, Persson, & Johnston, 2002 ; Carlson et al., 2002 ). These

reasoning abilities are also essential for understanding major concepts in advanced mathematics ( Carlson, Smith, & Larson, 2002 ; Carlson, Smith, & Persson, 2003 ; Thompson, 1994a ).

Carlson SurvCE 2.3 Keygen

Once students have developed the ability to visualize functions, they must come to understand that a change in input can have a corresponding change in output. This work actually
requires students to find a way to differentiate a function, a skill they have developed during the Precalculus course ( Carlson & Oehrtman, 2000 ; Carlson, Engelke, & Oehrtman, 2002a

). Several studies have found that finding a derivative of a function is a relatively difficult task ( Angello, 1994 ; Kucher, 1971 ; Maricic, 1994 ; Schwartz, 1977 ; Thompson, 1994a ).
According to Thompson (1994a), the difficulty of finding a derivative of a function is rooted in the fact that identifying the derivative is not merely a matter of deciding between a small
number of local alternatives to a function. Thompson points out that, for a function to be indeterminate at a point, it needs to be at least as likely that it is increasing or decreasing in

some small region around the given point as it is at that point (p. 26). For example, in Figure 4, it would be hard to distinguish the function from increasing or decreasing in either of the
small curved regions. We interpret this to mean that it is more difficult to identify a derivatives because the derivative is not easily determined from the local inflection points but

requires an examination of the function's behavior throughout an entire curve. Even Carlsons' example of mean rate of change fails in this regard. However, Thompson (1994a) raises
one key point about this concept. Students must be educated about the properties of absolute and relative rate of change and the conditions for a function to have a positive or negative
derivative ( Carlson, 2000 ). The best answers to this question must be based on the function being discussed, not the function being assumed: For example, students must demonstrate

that the absolute change in height is equal to the difference between the two heights (not the difference between the heights and the original height). This is analogous to visualizing
functions as general processes, not as a collection of points and values. We refer to this change as absolute rate of change. 5ec8ef588b
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