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AP® Calculus AB/BC 2023 Scoring Guidelines

Part B (AB): Graphing calculator not allowed
Question 5 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.

X 0 2 4 7
fo 10 | 7 | 4 | s
(%) % 8| 3 | s
g(x) 1 2 -3 0
gx)| 5 4 2 8

The functions f and g are twice differentiable. The table shown gives values of the functions and their first

derivatives at selected values of x.

Model Solution Scoring
(@) Let & be the function defined by A(x) = f(g(x)). Find A'(7). Show the work that leads to your answer.
h(x)=f"(g(x)) g'(x) Chain rule 1 point
h(7) = f'(g(7))-g'(7)
=f'(0)-8:%-8=12 Answer 1 point
Scoring notes:
e The first point is earned for either 4'(x) = f'(g(x))-g'(x) or A'(7) = f'(g(7))-g'(7).
e I[fthe first point is earned, the second point is earned only for an answer of 12 (or equivalent).
e [Ifthe first point is not earned, the second point can be earned only for a response of either
7(0)-8=12 or %-8.
e A response of 12 with no supporting work does not earn either point.
Total for part (a) 2 points
(b) ' Let k be a differentiable function such that K'(x) = (f(x))* - g(x). Is the graph of k concave up or

concave down at the point where x = 4 ? Give a reason for your answer.

K'(x) =2f(x)- f'(x)-g(x) + (f(x))2 -g'(x) Product or chain rule 1 point
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AP® Calculus AB/BC 2023 Scoring Guidelines

K'(4) = 21(4)- £1(4)-g(4) + (f(4)) - g'(4)
=2.4.3-(-3)+4%-2=-72+32 =40 k"(4) 1 point

The graph of & is concave down at the point where x = 4 Answer with reason 1 point
because £"(4) < 0 and k" is continuous.

Scoring notes:
e The first point is earned for either k"(x) = 2£(x)- f'(x)- g(x) + (f(x))* - g'(x) or
K'(4) = 2/ (4)- f'(4)- g(4) + (/(4))" - £'(4).

e The first point is also earned by any of the following incorrect expressions, each of which has a
single error in the application of the product rule or the chain rule:

2f(x)-g(x) + (f(x))* - g'(x) or 2/(4)-g(4) + (f(4)* - £'(4)

o 2/'(x)-g(x)+(f(x))* g'(x) or 21'(4)- g(4) + (f(4))* - g'(4)
o f(x)-g(x)+(f(x))g'(x) or £'(4) g(4) +(f(4)) - £'(4)
o 2f(x)- f(x)-g'(x) or 2f(4)- f'(4)-g'(4)

o Note: A response that presents one of these expressions cannot earn the second point.
e To earn the second point a response must correctly find £"”(4) = —40 (or equivalent) with supporting
work.

e The third point is earned for an answer and reason that are consistent with any declared nonzero
value of £"(4).

Total for part (b) 3 points

© Let m be the function defined by m(x) = 5x° + I: f'(¢) dt. Find m(2). Show the work that leads to

your answer.

5 . .

m(2) =58+ [ 1(0) di = 40 + (£(2) - £(0)) iil”g:ﬁg?vork I point

=40+ (7-10) =37

Scoring notes:

e The point is earned only for an answer of 37 (or equivalent) with supporting work equivalent to

5-8+(f(2)—- f(0)), 40+ (f(2)—- f(0)), 5-8+(7 —10), or 40 + (7 - 10).
e Ananswer of 37 with no supporting work does not earn the point.
Total for part (c) 1 point

(d) Is the function m defined in part (c) increasing, decreasing, or neither at x = 2 ? Justify your answer.

m'(x) =15x% + f'(x) Considers m'(x) 1 point

m'(2) =15-4 + f'(2) = 60 + (-8) = 52 m'(2) with 1 point

supporting work
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The graph of m is increasing at x = 2 because m'(2) > 0. Answer with 1 point
justification

Scoring notes:

e The first point is earned for considering m'(x), m'(2), or m'. This consideration may appear in a

justification statement.
e The second point is earned for m'(2) = 15-2% + f'(2), m'(2) = 60 + f'(2), or m'(2) = 60 — 8 but
is not earned for an unsupported response of m'(2) = 52.

e The third point is earned for an answer and justification consistent with any declared value of m'(2).

Total for part (d) 3 points

Total for question 5 9 points
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1 of 2 Sample 5A

B 5 B 5 8 nocaccuratorauowen Bl 5 8 5 B ¢

Answer QUESTION 5 parts (a) and (b) on this page.

x 0 2 4 7
fix) | 10 7 4 5
: 3
f'(x) 2 8 3 6
g(x) 1 2 -3 0
gx)] 5 4 2 8

Response for question 5(a)

Wx) = PgC¥))  WI(X) = q'(x) - £ (qx))
s

-

W) S g oY) - £ (qeny) = B El(e) 2R3

24 X2 wir) =12

Response for question 5(b)

k' (x) =) eqey)
K1) T 2e0x) (Eex))oqX) * g' () €ox)
e 22
W Y m) v 2 ENen) E) qey) b q' (L) (€(4))

T 28w 2y’
= -72 - %1 - -.J.IG
™Mt qvapn ¢ W 'S comncavt down A+ X =L pecause

-40 <0

M (x) £0.
Page 12
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
0140676 % EE B N [}

e o o o ® o o0 ey @




2 of 2 Sample 5A
r Rt
® |5 5 |§ 5 |8 nocacuratoractoweo 5l 5 |8 5 8

Answer QUESTION 5 parts (c) and (d) on this page.

Response for question 5(c)

>
W) T 57+ § er)da
o
1
Wa(2) T S(2)F G gigpyay P S(B) 4 ( £c2) =€¢co))

T Lo+ (W -ww) * UO-3 =39

Wal2y =37

Response for question 5(d)

MUY = 1D s )
M 12) 2 (§(2)% F2) 2 0+ (=3) =52
$2>0

TRe  fUNCHOW: w3 ncveasing at X =7

b'efa.b’!je w\(}()“:o Q+ xX=2.

Page 13

Use a pendil or a pen with bidck or dark biue ink. Do NOT write your name. Do NOT write outside the box.
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Sample 5B
A
B 5 |8 5 B nocacutatoracowen Bl 5 B 5 B ¢

¥ Response for question 5(b) 2% }

Answer QUESTION 5 parts (a) and (b) on this page.

x 0 2 4 7
fx) | 10 | 7 4 5
, 3
f(x) S -8 3 6
g(x) 1 2 -3 0
gx) ] 5 4 2 8
Response for question 5(a) '
n@) -F(3(d) )
n'(3)= F(a@) (3G ;
* 1) o
= 20 :
= A

15'1_

1 B (4)= S99
W= (RN () ST

AORTORTORI U B ORI
= )« () + (v - 2) /|
= 24 + 37 |

- F The Qreeh vS  Cawncaw,

dbLAV\  ve(AMD N J
Seond.  deanvt %
Pageiz VO3 VAT W Lyt W 1Y

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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f B 5 B 5 5 NoCALCULATOR ALLOWED . . 5

" Answer QUESTION § parts (c) and (d) on this page.

Response for question 5(c) |
MmE = x> *j:fl () dt

(1) 5(2)° ._S‘: P X

“Ho+ —

| -0 - [re Caae |

f0 |7

- Fle)y= 3F-l0= -3

Response for question 5(d)

(@)= H(0) +) {1 ax

* e Punchion dfned v park C s
WNORASWO,  VEOUE  the yawr @
NE) S AT aven @ W)

Page 13

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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1of2 Sample 5C

= Bl 5 B 5 [Bl vocacuatoraLiowen |5l 5 (8 5 B
: Answer QUESTION 5 parts (a) and (b) on this page.
" - x o 2] 417
flw | 7] 45
rw| 28| 3| s
\ sx) | 1 3| 0
gx)| 5 4 2 8

Response for question 5(a)

n(x) = €900 n )26 (gq1nd+ 9'0)
W= (SL?)).*SI (#)

%
We= 3 Y8
9 )

Response for question 5(b)

W' () #(F ()’ - glx)

K'(2) T (FRIY - 9l3) = A4

K (PEENT - gL3) =0
The gragn of K 15 contave “p "l
x=h7 hreank e %rcxek o K"(%)
'S f\tfjﬁ\;"ull cnd b Cdfp\r)h ok Y\'LT)
Stoels owmX fosik;vt-

Page 12
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2 of 2 Sample 5C
* 5 5 I8 5 I8 nocacuaroraciowen Bl 5 Bl 5 |8

Answer QUESTION 5 parts (c) and (d) on this page.

Response for question 5(c)
mix)=5%>+ S0 £

mlx) = 5x3 4 (FL0- FLO))
MLQ):SL}\M((. La)-?(o))
o [B)= QB2 (’3)

m(2)= 37

Response for question 5(d)

)= g+ £ - 410

wm  (x |
m )15 (u)+ €11 4o
W@ )= b 7’%

T Lunction WA 15 ncrlasing ax k3q
be crnye Wl (3) 1S gosS; kive:

Page 13

Use a pencil or a pen with black or dark blue ink. D6 NOT write your name. Do NOT write outside the box.
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AP® Calculus AB 2023 Scoring Commentary

Question 5
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

In this problem students were given a table of selected values of the twice-differentiable functions f and g and of
their first derivatives.

In part (a) students are asked to find /'(7) for the function 4(x) = f(g(x)). A correct response will use the chain
rule to find A'(x) = f'(g(x))- g'(x), then pull the appropriate values from the given table to find 4'(7) = 12.

In part (b) students were told that k is a differentiable function such that &'(x) = (f(x))* - g(x) and were asked

whether k£ is concave up or concave down at the point where x = 4. A correct response will use the product and
chain rules to find £"(x) and then evaluate k"'(4) = —40 in order to determine that & is concave down at this

point.

In part (c) the function m(x) = 553 + [ £'(¢) dr is defined and students were asked to find m(2). A correct
0

2
response will use the Fundamental Theorem of Calculus to find Io f'(t)dt = f(2) — £(0), then use the given table

to find f(2) and f(0). Finally, a correct response will combine the difference of these values with 5 - 2° to obtain
m(2) = 37.

In part (d) students were asked whether this function m is increasing, decreasing, or neither at x = 2 and to provide
a justification for their answer. A correct response will use the Fundamental Theorem of Calculus to find

m'(2) =15-2% + £'(2) = 52 and realize that, because m'(2) is positive, the function must be increasing in a

neighborhood around x = 2.

Sample: 5A
Score: 9

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

In part (a) the response earned the first point in line 1 on the right side with the correct chain rule. The numerical

expression § - % in line 2 on the right would have earned the second point with no simplification. In this case,

correct simplification earned the point with £'(7) = 12.

In part (b) the response earned the first point in line 2 for the correct expression for £”(x). The expression
2(3)(4)(-3) + 2(4)2 in line 4 would have earned the second point with no simplification. In this case, correct
simplification to —40 in line 5 earned the point. The response earned the third point in line 6 for the correct answer
and reason, “concave down at x = 4 because &"(x) < 0.” This statement can be interpreted as £"”(4) < 0 because

x = 4 was stated in the stem of the question.

In part (c) the numerical expression 40 + (7 —10) in line 3 would have earned the point with no simplification. In

this case, correct simplification to 37 in line 3 earned the point.

© 2023 College Board.
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Question 5 (continued)

In part (d) the response earned the first point in line 1 for considering m'(x). The expression 15(2)2 + f'(2) would

have earned the second point with no simplification. In this case, correct simplification to 52 in line 2 earned the
point. The response earned the third point in line 4 and line 5 for the correct conclusion with the correct reasoning.

Sample: 5B
Score: 4

The response earned 4 points: 2 points in part (a), 1 point in part (b), 1 point in part (c), and no points in part (d).
In part (a) the response earned the first point in line 2 with the correct chain rule. The second point could have been

earned for the numeric expression 3. 8 in line 4 but was simplified and the point was earned for the boxed answer

2
of 12.

In part (b) the expression for £"(4) in the form of a product rule with no evidence of a chain rule in line 2 earned

the first point but is not eligible for the second point. The response did not earn the third point because the reason
given “becaus the second derivative is pos but the first is neg” implies that concavity is based on both the first and
second derivatives.

In part (c) the point could have been earned for the numeric expression 40 + —3 on the right but was simplified and
the point was earned for the boxed answer m(2) = 37 with supporting work.

In part (d) no points were earned because the response never considers m'(x) or m'(2).

Sample: 5C
Score: 3

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

In part (a) the response did not earn the first point because the expression presented in line 1 on the right
h'(x) = f'(g(x)) + g'(x) is not the correct chain rule. The second point was not earned because the boxed answer

h(7) = % is incorrect.

In part (b) the response earned no points because no expression for k”'(x) or £"(4) is present.

In part (c) the point could have been earned for the numeric expression 40 + (—3) in line 4 but was simplified and
the point was earned for the boxed answer m(2) = 37 with supporting work.

In part (d) the first point was earned in line 1 for considering m'(x) even though the expression presented for m'(x)

is incorrect. The response did not earn the second point because the declared value m'(2) = % is incorrect. The

response earned the third point in lines 4 and 5 for the conclusion and justification consistent with the incorrect value
declared for m'(2).
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