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Part A (AB or BC): Graphing calculator required 
Question 1 9 points 

General Scoring Notes 
The model solution is presented using standard mathematical notation. 

Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be 
correct to three places after the decimal point. Within each individual free-response question, at most one 
point is not earned for inappropriate rounding. 

t

(minutes)
0 3 7 12

C (t )
(degrees Celsius)

100 85 69 55

t C,

C(t ) 0 ⩽ t ⩽ 12, C(t )

Model Solution Scoring 

(a) C'(5) C  3 7t⩽ ⩽ .

 

( ) ( ) ( )7 3 69 855 4
7 3 4

C C
C

- -' ≈ = = -
-

 

 

Estimate with 
supporting work 

1 point 

Units 1 point

Scoring notes: 

• 

• 16 ,
7 3
-
-

 69 85 ,
7 3
-
-

 or 69 85
4
-

• ( )5C'

•  

Total for part (a) 2 points 
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(b) 

( )
12

0
C t dt∫ . ( )

12

0

1
12

C t dt∫   

 ( ) ( ) ( ) ( ) ( ) ( ) ( )
12

0
3 7

3 100

7

4 85 5 69 985

3 0 0 7 3 12C t dt C C C⋅ ⋅ ⋅-

= ⋅ + ⋅ ⋅

≈ - + -

+ =

+∫  
Form of left Riemann 
sum 

1 point 

 Estimate 1 point 

 ( )
12

0

1
12

C t dt∫  is the average temperature of the coffee (in degrees 

Celsius) over the interval from t = 0  to t = 12.  

Interpretation 1 point 

 Scoring notes: 

• = ≈

• 

• A response of ( ) ( ) ( ) ( ) ( ) ( )73 0 0 7 12 733 CC C⋅- + +⋅ ⋅- -  earns the first point. Values must be 

pulled from the table to earn the second point. 

• 3 ⋅100 + 4 ⋅85 + 5 ⋅ 69

• 3 ⋅85 + 4 ⋅ 69 + 5 ⋅55

806

• 

• 

 

 Total for part (b) 3 points 

(c) 12 20t⩽ ⩽ ,

( )
0.0124.55 teC t

t
-=' , ( )C t'

t = 20.  

 ( ) ( ) ( )
20

12
20 12C C C t dt'= + ∫  Integral 1 point 

 Uses initial condition 1 point 

 = 55 - 14.670812 = 40.329188  

 

The temperature of the coffee at time t = 20  is 40.329  degrees 

Celsius. 

Answer 1 point 
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 Scoring notes: 

• ( )C t' .

• ( ) ( )
20

12
20 55 14.670812C C t dt'= = -∫

( )
20

12
14.670812 40.329188C t dt' = - =∫

• dt

o ( ) ( ) ( )
20

12
20 12C C C t'= + ∫ ( ) ( )

20

12
20 55C C t'= + ∫

o ( ) ( ) ( )
20

12
20 12C C t C'= +∫ ( ) ( )

20

12
20 55C C t'= +∫

• C (12) 55 12,

• 55 - 14.671 -14.671 + 55

• 

 

40.329  

Total for part (c) 3 points 

(d) 
( ) ( )0.01

2

0.2455 100te t
C t

t

-'' = .

12 20t< < ,

 

 Because ( ) 0C t'' >  on the interval 12 20t< < ,  the rate of change 

in the temperature of the coffee, ( )C t' ,  is increasing on this 

interval. 

 

That is, on the interval 12 20t< < ,  the temperature of the coffee 
is changing at an increasing rate. 

Answer with reason 1 point 

 Scoring notes: 

• 
C.

• ( )C t''

• 
 

• 12 20t< <  

 Total for part (d) 1 point 

 Total for question 1 9 points 
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Question 1 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

In this question students were given a table of times t  in minutes, 0 12t≤ ≤ ,  and values of a decreasing 
differentiable function C(t )  that models the temperature, in degrees Celsius, of coffee in a cup. 

In part (a) students were asked to approximate the value of ( )5C′  using the average rate of change of C  over the 
interval 3 t≤ ≤ 7  and to include correct units with their answer. A correct response will use values from the given 

table to calculate ( ) ( ) ( )7 3 69 855 7 3 4
C CC − −′ ≈ =

−
4= −  degrees Celsius per minute. 

In part (b) students were asked to approximate the value of ( )
12

0
C t dt∫  using a left Riemann sum with the three 

subintervals indicated by the values in the given table. Then students were asked to interpret the meaning of 

( )
12

0
1

12 C t dt∫  in the context of the problem. A correct response would present the left Riemann Sum setup and the 

approximation (e.g., ( ) ( ) ( ) ( ) ( ) ( )0 7 3 3 12 7 7 9853 0 C C C⋅ + − ⋅ + − =− ⋅ ). A correct response would also 

indicate that ( )
12

0
1

12 C t dt∫  represents the average temperature of the coffee, in degrees Celsius, over the time 

interval from t = 0  to t = 12.  

In part (c) ( )
0.0124.55 teC t t

−′ =   was introduced as a function that models the rate of change of the 

coffee’s temperature, in degrees Celsius per minute, over the time interval 12 20t≤ ≤  Students were 
asked to find the temperature of the coffee at time t = 20.  A correct response would provide the setup 

( ) ( ) ( )
20

12
20 12C C C t dt′= + ∫  then use a calculator to add the value C(12) = 55  to the value of integral 

and report a temperature of 40.329  degrees Celsius. 

In part (d) students were given ( ) ( )0.01

2
0.2455 100teC t

t
−′′ = ,  the derivative of the model introduced in part (c), 

and asked to determine whether the temperature of the coffee was changing at a decreasing rate or at an increasing 
rate for 

t

12 20t< < .  A correct response would observe that the given function, ( )C′′ ,  is positive on the interval t
12 20t< < ,  and therefore the rate of change of the temperature of the coffee, ( )C′ ,  is increasing on this interval. t
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Question 1 (continued) 

Sample: 1A 
Score: 9 

The response earned 9 points: 2 points in part (a), 3 points in part (b), 3 points in part (c), and 1 point in part (d). 

In part (a) the response would have earned the first point in line 1 with the expression 69 85
7 3
−
−

 with no 

simplification. Because no simplification error is made, the response earned the first point. The response earned 
the second point for the correct units, “degrees Celsius per minute.” 

In part (b) the response earned the first point in line 1 with 3(100) + +4(85) 5(69)  and would have earned the 
second point with no simplification. Because no simplification error is made, the response earned the second 
point. The units reported in line 1, “degrees Celsius,” although incorrect, do not affect scoring. The response 
earned the third point for “the average temperature over the interval from 0  min to 12  min” in lines 2 and 3. 

In part (c) the response earned the first point with ( )
20

12
C t dt′∫ .  The response earned the second point with the 

sum of 55  and the definite integral. The response earned the third point with the correct answer of 40.329.   

In part (d) the response earned the point with the correct conclusion “The temp of the coffee is changing at an 
increasing rate” and the statement “ ( )C t′′  is .+ ”. 

Sample: 1B 
Score: 6 

The response earned 6 points: 2 points in part (a), 3 points in part (b), 1 point in part (c), and no points in part (d). 

In part (a) the response would have earned the first point in line 1 with the expression 69 85
7 3
−
−

 with no 

simplification. Because no simplification error is made, the response earned the first point. The response earned 
the second point because of the correct units in line 2.  

In part (b) the response earned the first point in line 2 with 3(100) + +4(85) 5(69)  and would have earned the 
second point with no simplification. Because no simplification error is made, the response earned the second 
point. The third point was earned for the phrase “average temperature of the coffee from 0  to 12  minutes” in 
lines 6 and 7. 

In part (c) the response earned the first point with the definite integral that appears in line 2. The response did not 
earn the second point because the initial condition is never used. The response did not earn the third point because 
the stated answer is incorrect. 

In part (d) the response did not earn the point because the reasoning is based on the evaluation of ( )C t′′  at a single 
point. 
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Question 1 (continued) 

Sample: 1C 
Score: 3 

The response earned 3 points: 1 point in part (a), 2 points in part (b), no points in part (c), and no points in part 
(d). 

In part (a) the response would have earned the first point in line 1 with the expression 69 85
7 3
−
−

 with no 

simplification. Because no simplification error is made, the response earned the first point. The second point is 
not earned because the units “degrees Celsius” are incorrect.  

In part (b) the response earned the first point in line 1 on the left with (3 ⋅100) + (4 ⋅85) + ⋅(5 69)  and would 
have earned the second point with no simplification. Because no simplification error is made, the response earned 
the second point in line 3. The third point is not earned because the interpretation includes the phrase “average 
rate of change.”. 

In part (c) the response earned no points because no definite integral is presented. 

In part (d) the response did not earn the point because the response states “ ( )C′′ t  is changing at an increasing rate” 
instead of C(t ).  
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