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 2019 AB/BC-1    Rand Wise, Marist School 2 

 3 
  Problem Overview: 4 
 5 

 Students were given a model for the rate of fish entering a lake, 𝐸(𝑡) = 20 + 15 sin (
𝜋𝑡

6
),  6 

and a model for the rate at which they leave given by 𝐿(𝑡) = 4 + 20.1𝑡2
.  Both functions  7 

are measured in fish per hour, with t measured in hours since midnight (𝑡 = 0).   8 

 9 
 Part a: 10 
 11 
 Students were asked to find to the nearest whole number how many fish enter the lake  12 

between midnight and 5 A.M.   13 

 14 

 Part b: 15 
 16 
 Students were asked to find the average number of fish leaving the lake per hour during  17 

the same time interval from midnight to 5 A.M.     18 
 19 

 Part c: 20 
 21 

 Students were asked to find the time in the interval 0 ≤ 𝑡 ≤ 8 when the number of fish in 22 

the lake was greatest, and to justify their answer.    23 

 24 
 Part d: 25 

 26 
 Students were asked to determine whether the rate of change in the number of fish in the 27 

lake was increasing or decreasing at 5 A.M., with an explanation of their conclusion. 28 
 29 
 General scoring guidelines for the problems: 30 

 31 
  Part a: (2 points) 32 

 33 

 The first point in this part is for the integral ∫ 𝐸(𝑡)𝑑𝑡
5

0
.  An indefinite integral did not 34 

earn the point.  Some copy errors were allowed if students used the expression for the 35 

function instead of just calling it 𝐸(𝑡).  Neither point required that units be specified.  If 36 
students had the degree mode answer in part a, they were inoculated from the same 37 

mistake in later parts.   38 
 39 

 The second point was for the answer.  Either 153 or 154 was acceptable.  A bald answer 40 
earned no points. 41 

 42 
 43 
 Part b: (2 points)  44 
 45 



The first point in this part was for the integral ∫ 𝐿(𝑡)𝑑𝑡 
5

0
(with or without the multiple 46 

1

5−0
).   47 

 48 
The second point in this part was for the answer 6.059 fish per hour.  Students had to 49 
have their value correct to three decimal places, with a decimal presentation error 50 
inoculating them for later parts.   51 
 52 

 Part c: (3 points) 53 
 54 

 The first point in this part was for setting 𝐸(𝑡) − 𝐿(𝑡) = 0, or an equivalent clear attempt  55 

to determine where 𝐸(𝑡) = 𝐿(𝑡).  Language such as “the functions intersect at…” or “the  56 
equations intersect at…” was acceptable for the point but not “the graphs intersect at…”  57 

unless the student specified what graphs they were referring to. 58 
 59 

The second point in this part was for the answer 𝑡 = 6.204 (or 6.203).  This value had to  60 

be correct to three decimal places unless the student was inoculated for decimal   61 

presentation error earlier in the problem.  Simply writing 𝐸(𝑡) = 𝐿(𝑡) → 𝑡 = 6.204 was  62 

sufficient to earn the first two points. 63 
 64 

The third point was for justifying the maximum value reported.  The vast majority of  65 
students who earned the third point used one of two approaches: i) a candidates test  66 

approach; or ii) a sign test approach.  If a student chose the former, values of 𝐴(𝑡) had to  67 
be correct.  If a student chose the latter, readers took care to see whether the student made  68 

a local argument (a sign change at 𝑡 = 6.204) or argued globally on the entire interval  69 

0 ≤ 𝑡 ≤ 8.   Local arguments did not earn the point.   70 

 71 
Many students did not know how to handle the fact that the number of fish in the lake  72 
was not given for any t.  Readers generally ignored claims or assumptions students made  73 

to this effect.   74 
 75 
Part d: (2 points) 76 

 77 

The first point in this part was for considering 𝐸′(5) and 𝐿′(5).  Clear and valiant  78 

attempts at analytically differentiating the functions earned the first point if evaluated at  79 

𝑡 = 5.  Simply reporting from the calculator the values of 𝐸′(5) and 𝐿′(5) also was  80 
sufficient to earn the point.   81 
 82 

The second point was for correctly concluding that the rate of change in the number of  83 

fish in the lake was decreasing at 𝑡 = 5 and providing a valid explanation that included a  84 

direct comparison of 𝐸′(5) and 𝐿′(5).  Generally, the two acceptable formulations were  85 

“because 𝐸′(5) − 𝐿′(5) < 0, the rate of change of the number of fish is decreasing at 𝑡 = 86 

5”, or the equivalent “because 𝐸′(5) < 𝐿′(5) … ".  Considering the signs of 𝐸′(5) and 87 

𝐿′(5) separately did not earn the point.   88 
  89 

 Observations and recommendations for teachers 90 



 91 

Students were guilty of not reading carefully in the first two parts—many read the  92 

instructions about rounding in the first part as carrying over to part B without considering  93 
that a decimal answer made sense (or remembering that the rule of thumb is always three  94 
decimal places).    95 
 96 
Teachers should take care to teach students the difference between local and global  97 

arguments, and when each is appropriate.  Many students lost the point in part C by  98 
making a local argument.   99 
 100 
Being the first question in the calculator section, students should be aware of calculator- 101 
specific issues like decimal presentation expectations, being in radian mode, and  102 

reporting bald answers from the calculator.  Readers did see many decimal presentation  103 

errors and bald answers, but by and large students did well about calculating in radians  104 
and not degrees. 105 

 106 

In part D, many students had difficulty understanding which level of derivative was  107 

relevant to the problem, for example comparing 𝐸(5) to 𝐿(5) or even 𝐸′′(5) to 𝐿′′(5).   108 

Even among students who used the correct level, many failed to verbally express their  109 
conclusion correctly (e.g., “therefore the number of fish is decreasing” as opposed to  110 

“therefore the rate of change in the number of fish is decreasing”).  Teachers should give  111 
students ample opportunities to practice saying and writing the interpretation of the  112 
meaning of various levels of derivatives.   113 


