Supplementary Resource Document for Bego et al. (2024) “Single-Paper Meta-Analyses of the Effects of
Spaced Retrieval Practice in Nine Introductory STEM Courses: Is the Glass Half Full or Half Empty?”

Assessment Items for Calculus | for Engineering Students (from Pearson’s MyMathLab®)

Note: Pearson’s online textbooks consist of questions with algorithmic variants; each time the question
appears, it is slightly different, with different coefficients or attributes but focused on the same learning

objective. Therefore, in this implementation, we selected only one question for each learning objective,
and asked it multiple times, as described in the methodology.

LO1: Shift graphs of functions and write equations for the shifted graphs.

The number of units and the directions the graph of the equation is to be shifted are given. Give an equation for the shifted
graph. Then sketch the original and shifted graphs together.

x2 +y2=4; down 5, right 2

The equation of the shifted graph is =4,

Which of the following shows the original graph in gray and the shifted graph in blue?

Q A. ) B. QO c. QO D.

=
==
ey
»]
i
»]

~hed ST EEPYEEE <104 R YEE

Answers (x - 2)2 + (y +5)

AY

15
t

»

Y

ID: 1.2.28

1of16



LO2: Find the domains and ranges of functions.

Find the domain and range of the function.

g(x) = 4 x2 -7x
The domain of the function is l y

(Type your answer in interval notation.)

The range of the functionis| |,

(Type your answer in interval notation.)
Answers (= co,0]U[7,00)

[0,00)

ID:1.1.4

LO3: Determine the domain of the function.

Find the domain of the function.

5x
X+2

f(x) = 4

The domain is |

(Type your answer in interval notation. Use integers or fractions for any numbers in the expression.)

Answer: (- co, —2) U [8,00)

ID: 2.7.63
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LO4: Use long division to divide polynomials.

Divide using long division. State the quotient, g(x), and the remainder, r(x).

3% +7x2 +9x - 14
X+2

3% +7x2 +9x - 14 |
X+2 - |+
(Simplify your answers. Do not factor.)

X+2

Answers 3x2 +x +7

-28

ID:2.4.9

LO5: Construct functions from formulas.

For fix)=x—-2 and g(x) = 45 - 3, find the following functions.
a. (fe g)x); b. (g e f){(x); c. (fo g}{0); d. (g f)(0)

a.(fegii= | (Simplify your answer.)

b.(@efx)=[____|(Simplify your answer)

c. (fegld)= I:l (Simplify your answer.)

d. (g e f)il)= |:| (Simplify your answer.)
ANSWers 4x* - §

4% —16x+13
-5
13

ID: Instructor-created question

30f16



LOG6: Solve applications involving modeling with functions.

The figure to the right shows an open box with a square
base. The box is to have a volume of 6 cubic feet. Express
the amount of material needed to construct the box, A, as a
function of the length of a side of its square base, x.

A(x)= |:| (Simplify your answer.)

Answer: 2 24
X5+ —
X

ID: 1.10.31

LO7: Find limits of polynomial and rational functions.

Find the following limit.

ud -1
lim
u—14 - 1
ud-1
lim 4 = |:| (Simplify your answer.)
u—fu =1
Answer: 3
4

ID: Instructor-created question
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LO8: Find the limit of functions defined by graphs.

Which of the statements a through i about the function
vy =f{x) graphed here are frue, and which are false?

ny

Am}

a. The statement lim f{(x) does not exist is
x—+1

(1

b. The statement lim f{x)=1is (2)

a1

c. The statement lim f(x) does not exist is

X+ =1
i - »>
b -2\, | ] 4 )
4 BeE d. The statement lim f(x) exists at every point ¢ in
=
" (—3,—-1)is (4)
e, The statement lim f{x) exists at every pointcin(-1,3)is
X—C
(3)
(1) O true. (2) O false. (3) O tue. (4) ) false. (5) O true.
| false. ) frue. false. [ true. | false.

Answers (1) false.
(2) false.
(3) true.
(4] true.
(5] true.

ID: Instructor-created question
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LO9: Match a graphed function with the graph of its derivative.

(&) The graph in the figure given below is made of line (a) Choose the correct answer below.
segments joined end to end. At which points of the interval

[-4.6]is f not defined? Give reasons for your answer,

{b) Graph the derivative of f,

4

=3
o

v

A Pisnotdefinedatx=0,%x=1,and x=4
because at these points the graph has
COMMers.,

(1 B. Pisnotdefinedalx=0,x=1, and x=8

because at these points the graph has
CUsSps,

4
-

Pa

(O C. tisnotdefined atx= -4, x=1, and
'tﬁ 2 ¥ =4 because at these points the graph

-0

has corners.

L

O
o

f'is not defined atx= -4, x=1, and

L) x = 4 because at these points the graph

(55

has cusps.

&

Ay
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o cC, D
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ID: 3.2.31

{b) Choose the correct graph of the derivative of f below.
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LO10: Analyze the motion of an object given a graph of its acceleration or velocity.

. ds The body reverses direction att= .
The accompanying figure shows the velocity v =g =f(t) {Use a comma to separate answers as needed.)

im/ sec) of a body moving along a coordinate line,

a. When does the body reverse direction? The body moves at a constant speed at
b. When is it moving at a constant speed? ] sis [
¢, Graph the body’'s speed for 0=t=10.
d. Graph the acceleration, where defined. Choose the correct graph of the body's speed for 05t = 10.
4 (mizec) OA. O B.
7 [y= i{tJ . &lv] (misac) i .',|w| [misec)
! 1 =1 " v’H ]
E - \ s8] ] T ?“O_
4 L | 1 et - i 1 -c{ I i
0 1 5 - - » - - »
- £ 10 L2 i fand
\ / ST glom |
N Oc O D.
. +|l.'| (migec) . +|l.'| (migec)
THOTTUA e }
(H i t 'jf t
>

T E

a4
—=

Answers 2.7
3 Choose the correct graph of the acceleration, where
g defined.
5*|\f||[l“l'u'ﬁac:'{ O A. O B.
] ] a Aa
o 5‘TJ TILLIT Cp wami 3
1 T -I ]P’ * " - + T i
c 510 | Eamamaama] | Ea =t
- -5 I I -5 'I—‘f--t’ I
21"
TR Oc. obp
1__ c.'.a A
-] T," == —— T
- ]
J HERHH > HERH >
B g 1 Eentaatasty
_E‘I 1 | _54‘1’ 1 +¢ |
ID:-34.15
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LO11: Find slopes, tangents, and normal lines of a function. CALCULATE

The curve y = ax? +bx + ¢ passes through the point (1,7) and is tangent to the line y = 4x at the origin. Find a, b, and c.
a=| . b= el ]

Answers 3

4
0

ID: 3.3.45

LO12: Use the Chain Rule to evaluate derivatives at given values.

5
Assume that f'(2)= -6, g'(3)= Iy g(3)=2, and y =f(g(x)). What is y* at x=37

Atx=3,y =| I
(Simplify your answer.)

Answer: 15

T4

ID: 3.6.73
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LO13: Find derivatives using implicit differentiation.

d
Use implicit differentiation to find d_z using the following equation.

x> + yS = 40xy

Choose the correct answer below.

- dy 8x- y4

LA L F
dx  x* -8y

‘ dy y4 - 8%
{ | B. a = 4

8y +x

) dy xt - 8y
{ | C. ——

) dx 4 - gx
dy 8y- x*
‘:__‘f' D. d_ = 4

X y" -8x

Answer: gy gy -x*

Sdx 4 gy

ID: 3.7.21
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LO14: Find derivatives using the chain rule.

Calculate the derivative of the following function.

y=f(g(7x?) ), where f and g are differentiable for all real numbers

d
Whatis (g (7x*) ) 2

O A, F{g'(14x)

o B. a(mé) )g'(ax)

o c. f{g(m)) g (7x%) 14x
oo, Fla(mé))a(7?)a (7x2) 14x

Answer: ¢ (g(7x®) ) o' (76%) 14x

ID: 3.6.53
LO15: Find limits related to derivatives.

The following limit represents f'(a) for some function f and some value of a.

4/81+h - 4f81
lim ———————
h—0 h

a. Find a function f and a number a.
b. Determing the valus of the limit by finding f(a).

a. fix)= '
{Type an expression using x as the variable. Type an exact answer, using radicals as needed.)

{Type an integer or a decimal.)

b.f'{a)=

{Type an exact answer, using radicals as needed.)

Answers /x
a1

18

10: 3.2.59
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LO16: Determine at which points functions are differentiable.

The figure to the right shows the graph of a function over the closed interval D: —4=<x<3. Ay
At what domain points does the function appear to be differentiable? I 3-7l
N

L 2e

The function appears to be differentiable on .

(Use interval notation.)
Answer: [-4,-2)U(-2,-1)U(-1,1)U(1,3]

ID: Instructor-created question
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LO17: Graph and identify characteristics of trigonometric functions.

Graph the function. What is the period of the function?

. X
- Slnﬁ

X
The period of — sin ET) is I:l

(Type an exact answer.)

o

4

[« -]

[ 2]

F 9

153

Use the graphing tool to graph the equation. 30 D
(Type the word pi to insert the symbol & as needed.) -
=4
Answers 22
Ay
[+
el - p. b K.._
-30 | -24 A2 | B o 1 }L.EJ

4

1D:1.317
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LO18: Identify the transformations of sine curves and graph the functions.

2n
Forfix)=Asin [E{x—C}] + D, identify A, B, C, and D for s

] — 2 and sketch its graph.

ra| A

v=4sin [x+

E S

Identify A, B, C, and D.

na

A=| |B=| |

c=| |D=] | EMRER AR 2 | 4 [ g | & 1o
{Type exact answers, using x as needed.)

L)

Use the graphing tool to graph the function.

L

{Type the word pi to insert the symbol « as needed.) &
Answers 4
2n
m
2
-2
HM'
L3
\ 7 /
A /A VR
A0l 4 A F i i 1
i T
\ fi \ i
LT, /
/ \ [ \
vi o \
ID: 1.367
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LO19: Find the limits of trigonometric functions using the limit of sin(theta)/theta. CALC

sin0
Use the relation lim 0 =1 to determine the limit shown below.
f—0

tan 0
lim PR
H_,QB cot 40

Select the correct choice below and fill in any answer boxes within your choice.

tant
) A, Iim

———— = Type an integer or a simplified fraction.
im0 cot40 (Typ g p )

() B. The limit does not exist.

tan 0

Answer: A. lim

—— iz 4 Type an integer or a simplified fraction.
0002 cot49 ‘ (v ° P )

ID: 2.4.43

LO20: Find derivatives of trigonometric functions.

. dy
Find -

y=2C0S xCcotx
dy
w1
Answer: -2 cos xcsc? x-2coS X

ID:3.5.7
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LO21: Use the Chain Rule to find first derivatives.

. dy
Find g

y=sin(cos(3t-7))

Answer: —3cos (cos (3t—7))sin(3t-7)

ID: 3.6.49

LO22: Use implicit differentiation to find first derivatives.

Find -
In 40

cos4r+ cotB60=>5r
dr

w1

Answer:  gesc? (66)
"~ 4sin(4n+5

ID: 3.7.18
LO23: Solve applications involving linearization and differentials. CALC

The volume of a solid can be expressed as V= 3> . The volume is to be calculated with an error of no more than 2% of the
true value. Find approximately the greatest ermor that can he folerated in the measurement of x, expressed as a
percentage of x.

The greatest tolerated ermmor in the measurement of x is I:l%.
(Type an integer or a simplified fraction.)

ANswer: E
3

ID:3.947
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LO24: Evaluate trigonometric functions.

The value of tan x is given. Find sin x and cos x if x lies in the specified interval.

1 3n
tanx= ?,XE T, 5

Find sin x.

sinx=| |
(Type an exact answer, using radicals as needed.)

Find cos x.

cosx=|
(Type an exact answer, using radicals as needed.)

Answers 1

_5ﬁ
7

"o

ID: Instructor-created question
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