High School Students
Working with Rates of Change

the United States may be modeled by
s(t) = —0.4936t" +13.27¢> — 89.50t + 95.10¢ + 16,360 thousand students

where ¢ is the number of years since the 2006 — 07 school year (Source: Modeled from the Statistical
Abstract of the United States 2008, Table 209).

B ased on projections from 2006—07 to 2016—17, the number of students in grades 9 through 12 in

1. According to the model, will the number of students be changing more rapidly in 2009 -10 or in
2014 -157 Use calculus to find your answer and show the work that leads to your conclusion.

2. Use technology and the derivative of s to find the absolute extrema of s on the interval [0,10]. Then
interpret the real world meaning of each extreme value.
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3. Referring to the graph in the figure below, estimate the coordinates of the inflection point of s on the
interval [0,10] and interpret what it represents in terms of the rate of change of s. (Note: The units on

the graph are million students and the units of the equation of s are thousand students.)
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4. According to the model, what was the predicted average rate of change in the number of high school
students between 2006 — 07 and 2016 - 177
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ased on projections from 2006—-07 to 2016—17, the number of students in grades 9 through 12 in
the United States may be modeled by
s(t) =-0.4936t" +13.27t> — 89.50t” + 95.10¢ + 16,360 thousand students

where ¢ is the number of years since the 2006 — 07 school year (Source: Modeled from the Statistical
Abstract of the United States 2008, Table 209).

1. According to the model, will the number of students be changing more rapidly in 2009 -10 or in
2014 -15? Use calculus to find your answer and show the work that leads to your conclusion.

s'(t) =-1.9744t> +39.81t> —179.0¢ + 95.10
s'(3) = -1.9744(3)’ +39.81(3)" —179.0(3) + 95.10
~ —136.9 thousand students per year

s'(8) = —1.9744(8)’ +39.81(8)" —179.0(8) + 95.10
~ 200.0 thousand students per year
According to the model, the number of students will be decreasing at a rate of 136.9 thousand students
per year in 2009 - 10 and increasing at a rate of 200.0 thousand students per year in 2014 — 15. The
number of students is changing more rapidly in 2014 — 15.

2. Use technology and the derivative of s to find the absolute extrema of s on the interval [0,10]. Then
interpret the real world meaning of each extreme value.

Relative extrema of s occur wherever s' changes sign. We graph s'(t) and y =0 simultaneously and
find the points of intersection to determine the critical values of s. The critical values of s are s ~ 0.61
and s =5.67.

t S

0 16,360
0.61 | 16,390
5.67 | 15,930

10 | 16,700

Rounded to the nearest multiple of 10 thousand, the absolute maximum number of students enrolled
will be 16,700 thousand and the absolute minimum number of students enrolled will be 15,930
thousand.
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3. Referring to the graph in the figure below, estimate the coordinates of the inflection point of s on the
interval [0,10] and interpret what it represents in terms of the rate of change of s. (Note: The units on
the graph are million students and the units of the equation of s are thousand students.)
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We are looking for where the graph changes concavity. It appears that the graph changes from concave
down to concave up at around (3,16.15). So the inflection point of s is approximately (3,16150). That

is, in 2009 — 2010 the number of students is about 16,150,000. In terms of the rate of change of s,
this is the year when the number of students is decreasing most rapidly.

4. According to the model, what was the predicted average rate of change in the number of high school
students between 2006 — 07 and 2016 - 177?

s(0) = -0.4936(0)" +13.27(0)’ — 89.50(0)" +95.10(0) + 16,360
= 16,360

s(10) = —0.4936(10)" +13.27(10)’ - 89.50(10)" + 95.10(10) + 16,360
= 16,695

s(10) —s(0) 16,695 — 16,360 thousand students
10-0 10-0 year
= 33.5thousand students per year

Between 2006 — 07 and 2016 — 17, the number of students in grades 9 — 12 was expected to increase
by an average of 33,500 students per year. That is, although the number of students increased and
decreased over the ten year period, the average of the rates of change was 33,500 students per year.
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