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Appendix A: Sample Lesson Plan

I . Application of Derivatives
Learning Objective (L O 1)

At the end of this unit, students will be able to use the concept of
derivative, with at least 80% accuracy, to compute the:

¢ Difference quotient.

e Instantaneous rate of change

e Average rate of change

e Equation of the tangent and normal of a line to a curve.

Vocabulary and Definitions

Function, curve, difference quotient, derivatives, instantaneous rate of
change, average rate of change, derivatives, extrema, minimum,
maximum, point of inflection, equation of the tangent and normal of a
line. Figure B1 exemplified a sample problem with a secant and tangent

line to a curve.
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Figure B1

Graph-Secant and Tangent Line to a Curve

Daily tide height variation

Tide height (m)
s @

A

] 6 1z 18 24
Time (hours)
The water height is changing at 1.47 nvh.

IT Application of Integrals
LO2

At the end of this unit, students will be able to use integral, to:
e Find the area under a curve of a function
e Solve problem involving

e Calculate the volume of a solid of revolution.
Vocabulary and Definitions
Integral, definite integral, indefinite integrals, primitive, anti-derivative,
area under a curve of a function, volume, solid of revolution.

A s ample problem instructors and students might work on was presented in

chapter 2.
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Appendix B. Observation and Implementation Fidelity Rubric

Table B1

Comparison Group

Items Procedural Conceptual [lustration

Understanding  Understanding

Yes (1) No Yes (1) No

©) ©)

Non-Maple Static 1 1 See Appendix A and
visualization: Appendix [
lesson and activities on
derivative
Non-Maple Static 1 1 See Appendix A and
visualization: Appendix [
lesson and activities
on integral
Instructor’s questions 1 1 See Appendix A and
engaging students’ Appendix [
understanding of derivative
Instructor’s questions 1 1 See Appendix A and
engaging students’ Appendix [
understanding of integral
Instructor encourages 1 1 See Appendix A and
students to ask questions Appendix I
on concepts (integral)
taught
Instructor asks students 1 1 See Appendix A and
to explain results of Appendix I
questions on derivatives
Instructor asks students 1 1 See Appendix A and
to explain results of Appendix [
questions on integrals
Reinforcement activities 1 1 See Appendix A and
on derivatives Appendix I
Reinforcement activities 1 1 See Appendix A and

on integrals

Appendix |




Table B2

Intervention Instructor 1
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Observation Table Rubric

Items Procedural Conceptual [lustration/ Definitions
Understanding  Understanding
Yes No Yes No
) © @ (0)
Dynamic 1 1 Definitions and class work on:
visualization: Function and Curve, Difference
lesson and quotient, Instantaneous and
activities on average rate of change,
derivative Equations of the tangent and
normal lines to a curve.
See Appendix B and Appendix
I
Dynamic 1 1 Definition and class work on
visualization: Primitive, Antiderivative,
lesson and Definite and Indefinite
activities on Integrals, Area under a curve of
integral functions, Volume of a Solid of
Revolution. See Appendix A,
Appendix, B and Appendix I
Reinforcement 1 1 The assigned homework
activities on questions reflected the
derivative activities done in class
Instructor’s 1 1 See Appendix B and Appendix
questions engaging I
students’
understanding of
integrals
Instructor asks 1 1 See Appendix B and Appendix
students to explain I
results of questions
on Integral
Reinforcement 1 1 See Appendix B and Appendix
activities on I
derivative
Reinforcement 1 1 See Appendix B and Appendix

activities on
derivative

I
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Intervention Instructor 2
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Observation Table Rubric

Items Procedural Conceptual [Mlustration/ Definitions

Understanding  Understanding

Yes No Yes No

@) © @ ©)
Dynamic visualization: 1 1 See Appendix A,
lesson and activities on Appendix, B and
derivative Appendix I
Dynamic visualization: 1 1 See Appendix A,
lesson and activities on Appendix, B and
integral Appendix I
Reinforcement activities 1 1 The assigned homework
on derivative questions reflected the

activities done in class
Instructor’s questions 1 1 See Appendix A,
engaging students’ Appendix, B and
understanding of integrals Appendix [
Instructor asks students to 1 1 See Appendix A,
explain results of Appendix, B and
questions on Integral Appendix [
Reinforcement activities 1 1 See Appendix A,
on derivative Appendix, B and
Appendix I

Reinforcement activities 1 1 See Appendix A,

on derivative

Appendix, B and
Appendix I
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Appendix C. Sample Pretest Questions

Question 1
Consider the function f(x) = — , where k is a nonzero constant. The derivative of f is given by
X —
S = A2
(x —k.x)
(a) Let k =3, sothat f(x)=— - Write an equation for the line tangent to the graph of f at the point
x° —3x

whose x-coordinate is 4.
(®) Let k = 4, sothat f(x) = ——
x° —4x
neither at x = 2. Justify your answer.

. Determine whether f has a relative minimum, a relative maximum, or

(c¢) Find the value of & for which f has a critical point at x = —5.

(d) Let k£ = 6, so that f(x) = . Find the partial fraction decomposition for the function f.

2
X

Find [ f(x) dx.

Question 2

At time ¢ > 0, a particle moving along a curve in the xy-plane has position (x(¢), y(¢)) with velocity vector

v(t) = (cos(tz), 90'5’). At t =1, the particle is at the point (3, 5).

(a) Find the x-coordinate of the position of the particle at time ¢ = 2.

(b) For 0 < ¢ < 1, there is a point on the curve at which the line tangent to the curve has a slope of 2.
At what time is the object at that point?

(c) Find the time at which the speed of the particle is 3.
(d) Find the total distance traveled by the particle from time ¢ = 0 to time ¢ = 1.
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Question 3

f
(minutes)
(1)

(meters per minute)

0 12 20 24 40

0 200 | 240 | -220 | 150

Johanna jogs along a straight path. For 0 = ¢ < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(z), where ¢ is measured in minutes and v(r) is measured in meters per minute, are given in
the table above.

(a) Use the data in the table to estimate the value of v'(16).
(b) Using correct units, explain the meaning of the definite integral I:D| v(t)| dt in the context of the problem.

Approximate the value of I:O\V(IH dt using a right Riemann sum with the four subintervals indicated in the
table.
(c) Bob is riding his bicycle along the same path. For 0 < ¢ < 10, Bob’s velocity is modeled by
B(t) = £ — 6> + 300, where ¢ is measured in minutes and B(t) is measured in meters per minute.
Find Bob’s acceleration at time ¢ = 5.
(d) Based on the model B from part (c), find Bob’s average velocity during the interval 0 < ¢ < 10.
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Appendix E: Randomized Number for Coding
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Appendix F: Sample of Coded Data for Participants

Figure F1
Coded Data
# Cu PU Cu PU Instructor
Pretest Pretest Quiz End of #
(Potestl) | Term
Exam
(Posttest)
D I D |1 D |I D |I
Hit# x%% | X% | x% | x% | x% | X% | X% | X% | #

Note. CU = Conceptual Understanding; PU = Procedural Understanding
D = Derivatives; I = Integrals
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Appendix G: Interview Response from Intervention Group Instructors

Instructor 1

1. How do you think the Maple animation and visualization tools help students
understand conceptually and procedurally the concepts of derivative and integral
in calculus?

I use the Maple to teach the difference quotient, derivatives as tangents, Newton's
approximation, continuity of functions and Riemann sums to understand integrals.
The regular classes are all hand calculations and traditional methodology so the
Maple program enables them to easily see how the concepts look.

2. What challenges did students experience using the Maple animation and
visualization tools in learning the concepts of derivative and integral in calculus?

3. Can you give an example of things students did well, get confused about in using
Maple software?

One of the main problems is simply getting students to carefully key in formulae and
programming words. They often forgot to put in a multiplication sign or didn't have
parentheses correctly placed. Students seemed satisfied with the tool. If there is one
issue, it is that the tools of Maple aren't used in any of their other classes so the task
of learning to get around in Maple seems like it may not be worth the effort to them.
My main goal is to support the students in their regular calculus class so some times,
Maple has to be pushed aside to help with he paper and pencil work necessary to
advance in the class.

4. Do you think you are going to use Maple software next year?

I am using Maple again but I am making a few changes to incorporate some other
software.

Instructor 2

Questions

-

. How do you think the Maple animation and visualization tools help students understand conceptually and procedurally the
concepts of derivative and integral in calculus?

. What challenges did students experience using the Maple animation and visualization tools in learning the concepts of

derivative and integral in calculus?

Can you give an example of things students did well, get confused about in using Maple software?

Do you think you are going to use Maple software next year?

Do you have any other suggestions?

N

o s

Responses:

Responses to questions:

1/ Did little animation/ I think the visualization helps very much

2/Challenges: getting syntax correct

3/ Plotting finding intersections and tangent lines and computing integrals all done well. Determining intervals where functions
concave/convex most difficult

4/ I will use Maple again. Other instructors like other software

5/No...sorry.
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Appendix I: Observed Class Activities on Derivatives
Intervention Instructor 1-Derivatives and Integrals: Concept and Procedure

Figure I1

Derivatives: Concept and Procedure: Tangent and Normal Lines

> D)D) (1): D) (4);
,\"—’3.\'275
—2
43 a1s)
> TL[1]:=D(f) (1) (x — 1) +£(1);
TL, =-2x—2 (16)

> TL{4]=D(f) (4)-(x —4) +f(4);
TLy:=43x—128 amn

> plof({f(x). TL[1), TL[4]}, x=-1 .5, y=-20.50);
501

40+
30

20+

-10

[> plot({fix), TL11 1}, x=-3..3);
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Figure I 2

Integrals: Concept and Procedure: Area under a curve

SurfaceQfRevolurion, SwfaceCfRevolutionTutor, Tangenr, TangentSecant Tutor,
TangerntTuror. Tayvlordpproximation, TaviorAdpproximationTutor, Undersiand, Undo,
FolunmieOQfRevolution, VolumeOQiRevolutionTutor, WharProblem]

We can use Riemann sums 1o approximate the area given by the integral

Example:
Approximate the area under ¥ = sin(x) from x = 0 to x = Pi
= x—sin(x)

Ji= x — sin(x)
RiemannSum( f{(x), x = 0 _Pi. parrition = 30, method = midpoint, owipur = plor)

1 -
| ™ n

0.8 - o

0.6 - B
0.4+
0.2 A
0 v T T T T T - T T T
7T T 37 TT 5m 3 T 1 T
8 4 8 2 8 4 8
X
_TT
A midpoint Riemann sum approximation of | f(x) dx, where
0

F(x) = sin(x) and the partition is uniform. The approximate
value of the integral is 2.000914145. Number of subintervals
used: 30.

RiemannSum(_f(x), x =0 _Pi, partition = 60, method = midpoint, ountput = plot)



Intervention Instructor 2-Derivatives and Integrals: Concept and Procedure

Figure I3

Derivatives: Concept and Procedure-Tangent Lines

]

-3 -2 -1 o 1 2
i
DD 1D (1)
TE(1):=D(S) (1) (x— 1) +/(1);
TL, == 2e " (x—1) +e!
TE(-11:=D(/) (-1)(x—(=1)) +7(-1);
| TL ) =2e ' (x+1) +e!
> solve(TLL1 | =711 -11Lx):
o
=0, TLUN 1ys subs(x =0, TLT -1 1)
3!
3e~!
S = — 2 —8lx—0
44
3
v 241
14
TT L 371
2 4
x
[> Do
| X > 2 cos(x) + sin(x)
Pi
> D =)
«fv( 4)
3=z
. - (Pi Pi Yy ( Pi
TL =D = ) (x= =" .
> o (B)- (=) (5
3 =)
I Gk
7L ———3 7 4
| 2 2
> simplifin %6);
_NZ (-12x+3m—4)
L 8
[> #rroblem 6
> fr=x—x' —5.x;
L fi=ax X — 5

10y

1y

azy

a3y

a4)
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Figure I 4

Integrals: Concept and Procedure- The Volume of a Solid of Revolution

Plot Window Enter 1 or 2 functions and an interval

fix) = x42+3
gix) =
a= 0 b= 3

Riemann sum
Method: right 92
Number of partitions: 6

Volume of the Solid

[=(2+ 3 e
o
- 548,
"
=407.1504080
Display
Volume Disks Region @ None
Line of Revolution
© Horizontal Vertical
Distance of rotation line 0
from coordinate axis = ——
. Display. Animate Plot Options Close

Maple Command

VolumeOfRevolution(xA2+3, 0 .. 3, "axis'=horizontal, ‘distancefromaxis’ = 0, 'showvolume'=true, 'showsum'=false,
showregion'=false, ‘'method'=right, ‘partition’= 6, ‘output’=plot);

Comparison Group -Derivatives and Integrals: Concept and Procedure

Class activities: Finding the equation of the tangent line; explore the concavity o

a curve and finding the point of inflection.

1. Graph the equation given by x2 + 4y2= 4 plot the coordinate (v2, — %)

find the slope of the tangent line to the curve at this point. Verify that you get the

same result using implicit differentiation.

Hint: Use the tangent line in y = mx + b form to see its slope.

2. Determine the points of inflection (if any) of and the open intervals on which
the graph of f{x) = x* — 4x3 is concave upward or downward by hand. Then,
sketch the function’s graph and indicate this information.

a) Answer the following questions about the definite integral [ : 5e*dx

(b) Estimate the definite integral using lower sums and 25 rectangles. Then,
use 250 rectangles.

(c) Compute the definite integral using the Fundamental Theorem of Calculus.

a8
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Appendix J: Pretest-Prerequisite Skills on Derivatives and Integrals
Comparison Group
Derivatives

Homework
Instructions. Answer all questions

Problem 1 2 3 4 5 Total

Points 5 5 5 5 5 25

1. Given f(x) = x? +4, find:
a) f(x+h)—f(x)
b) [f(x+h) — f(x)]/h (This is the formula for difference quotient
¢) The limit of [f(x+h) — f(x)]/h as h tends to 0.
(This is the instantaneous rate of change of f)
2. For the following function, find the equation of the tangent line at x = 1.
f(x) = e*
3. Find the equation of the line passing through the points (2,3) and (3,6).

4. For the function below, find the average rate of change on the interval [-2,3].

fx) = x3
5. For the function below, find the instantaneous rate of change at x = ¢
f(x) = In(x)
Integrals
Homework

Instructions-Answer all questions

Problem 1 2 3 4 5 Total
Points 5 5 5 5 5 25

For the following functions, f(z), find F(z) such that F'(z) = f(z)

1) f(z) =2z
2) (@) =~
3) fla) = e*

4) f(z) = cos(x)
5) flz) =1
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Intervention Group- Instructor 1
Prerequisite Skills- Derivatives

Homework
Total point 25

1) f(x)=x3
a) Find the difference quotient of f(x). (5 points).
b) Find the limit of the difference quotient, as h tends to 0. (5 points).
2) Use the technique in (1) to find the equation of the tangent to f(x) = x2. (5 points)
3) Find the equation of the line passing through A(0,4) and B(1,5). (§ points)
4) Use the technique in 1to find the slope of the tangent line of f(x) = e*?+ 3. (5 points).
5) A particle moves along a curve of y = In(x). Find its average rate on [1 2]. ( 5 points)|

Prerequisite Skills- Integrals

[Homework
Each question worth 5 points.

Find the primitive of the following functions:

1) f(x) = sin(x)
2) f(x) = 1/(x + 2)?

3) fix)=¢e
4) f(x) =6x5
5) f(x) = 1/x

Intervention Group Instructor 2

Prerequisite Skills- Derivatives

Homework
Each question worth 5 points.

Given Flz) = 1", use the binomial theorem

1.

n(n—1
(p+ " = p + nprig+ M=) 5 ) pn 2 + oo+ mpg 4 g

and difference quotient to show that
}lin(l) of the difference quotient of z° = 5x*
—
2. Find the equation of the tangent line to the curve of g(x) = 2e*atx = 1

3. Find the equation of the line passing through A(1,3) and B(2,4).

4. Alan travelled 125mi for 3hours, then 160mi for 4hours. What was Alan’s average
speed?

5. Find the average rate of f(x) = x> + 1 on the interval [0 2]
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Prerequisite Skills- Integrals
Homework
Each question worth 5 points.

Refer to the rules of derivatives and find the antiderivatives (primitive) of the following

functions:
D fix) =x.
2) flx) = 3/.
3) fix) = e~

4) f(x) =cos(x).
5) fix) =0.
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Appendix K: Quiz (Postestl)-Derivatives and Integrals
Comparison Group

Derivatives

MAT 155: Quiz

[Fall, 2019
Instructions_Answer all questions
Problem 1 2 3 4 5 Total
Points 5 5 5 5 5 25
Score
Problems.

1. Let f(x)=x>— éxz._F ind the open interval(s) on which the function is increasing or
decreasing_Then, find and classify all relative extrema on this interval.

Plot the zeros of f'(x) and show how/if they correspond to the relative extrema of f_
Your sketch should indicate intervals of increase/decrease, as well.

2. Determine the points of inflection of and the open intervals on which the graph
of
f{x) = sin(x) + cos (x) is concave upwards or downwards on the interval [0,2x].

3. Compute the slope of the tangent line to the curve y*+ y>— 5y — x*= —4 at the
point (1, —3)_Make sure that you are looking at the correct tangent line and that you
view the line’s equation in y = mx + b form.

4. Determine the points of inflection (if any) of and the open intervals on which the
graph of f{x) = x* — 4x* is concave upward or downward.

5. Consider the function I(x) = exsin(x) over the interval [0, 7] _First, compute
the I'(x)_Then, graph both I(x) and I'(x) over the given interval _Estimate the critical
points of I(x) and then its extrema.

=)

El
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Integrals

MAT 155
QUIZ
Topic: Remann Sums and Definite I ntegrals

Instructions. Answer the questions below will be assigned or reviewed in class. Pay
attention to the instructions given; you may be asked to submit solutions for grading.

Name:

Problem 1 2 3 4 5 Total
Points 5 5 5 5 5 25

| 1. Answer the following questions about the definite integral * +4dx. |
3

| (a) Estimate the definite integral using lower sums and 10 rectangles. Then, |
| use 1UU rectangles. |

(b) Estimate the definite integral using upper sums and 10 rectangles. Then,
use 100 rectangles.

(¢) Compute the definite integral by hand using the Fundamental Theorem of Calculus.

i
| 2. Answer the following questions about the definite integral | e’ dr. |
0

| (a) Estimate the definite integral using lower sums and 25 rectangles. Then, |
| use 25U rectangles. |

(b) Estimate the definite integral using upper sums and 25 rectangles. Then,
use 250 rectangles.
(c¢) Compute the definite i ntegral using the Findamental Theorem of Calculus.

More Problems On Back
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[ o]

| 4. Answer the following questions about the definite integral %| cos(z) dz. |
]

| (a) Estimate the definite integral using lower sums and 10 rectangles. Then, |
| use 250 rectangles. |

(b) Estimate the definite integral using upper sums and 10 rectangles. Then,
use 250 rectangles.

(¢) Compute the definite integral using the Fundamental Theorem of Calculus.
(d) Explain why the definite integral is not the same as the area under the curve in this case.

"‘5
| 5. Answer the following questions about the definite integral || | + 2 dt.
to]
| (a) Estimate the definite integral using lower sums and 10 rectangles. Then, |
| use 10U rectangles. |

| (b) Estimate the definite integral using upper sums and 10 rectangles. Then, |
| use 10U rectangles. |

| (c) Compute the definite i ntegral by using the Findamental Theorem of Calculus.

Intervention Group
Instructor 1

Derivatives

Find the equation of the line with slope —37/43 that passes through the
point (3722, 59/18). Plot the line. Find the x and y intercepts of the line.
Write the answers here: (5 pts each)

Compute the first and second derivatives of the function
flx) = cos (9 — e =)

Write the answer here:

mpute the tangent line and the normal line to the curve

y= Tt — 7%+ 17

at x = 2. Write the equation of the tangent line here:

Write the equation of the normal line here:
Omn the same graph, use “scaling constrained” to plot the curve

= zt — T22 4 17
and the tangent and normal lines at = = 2.

| f(x) = Vvt Tx? + 17

| Find the local minima and local maxima of the function f(z):




150

Integrals

5 points for each question.

1. Compute the indefinite of [e* cos x

Compute the area under the curve y =5 + 2sin(z/3) for 0 < z < 6.

Compute the area under the curve y = 5 + 2sin(z/3) for 0 < z < 6.
4. Compute the area under the curves of f(x) = e* et g(x) = —x + 1 between —
1and 1.

5. [, e¥dx

Instructor 2

Derivatives

MAT 155 Quiz Derivatives

Read direction carefully and use comments to explain your solutions. Each question worth 5
points.

1. For the function f(x) = e¥,
a) Write the equation of the tangent line at x = 2.
b) Write the equation of the normal line at x = 2.

2. Forf(x) = x4+ x*
a) Find the critical numbers and relative extrema of the function.
b) Find the points of inflection and the concavity of the function.

3. Fory ==, Find the 4% derivative of y.

4. Find the instantaneous rate of change of f(x) = 3x*+ 6 at x = 3.

5. What is the average rate of f (x) = In(x), between x = 2 and x = 4?
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Integrals

MAT 155 Quiz Integrals

Read direction carefully and use comments to explain your solutions. Each question worth 5
points.

1. Compute the area under the curve f(x) = 2 +5sin(x/2) for 0 < x < 6.
2. [{e¥dx.

3. Find the indefinite integral of y = =

4. Find the primitive of y = e* cos x.

5. Find the indefinite integral of £ (x) = V1 + x2.
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Comparison Group

MAT 155: Final Exam
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Fall, 2019
Form A
Instructions. Answer all questions
Problem 5 Total
Points 5 5 5 5 5 25
Score
Problems.
1. Compute the following limit:
x%+ 7x +12

lim —————

x>-4 x4+ 2x — 8
Verify that your calculation is correct by graphing the function and plotting the limit’s
coordinate.

Determine the value of A that makes the following piecewise defined function continuous on
all of IR:

_ [Acos(x) + 2, x <21
g@x) = { 4sin(x), x=2m

Verify that your solution is correct by graphing g(x) using the value of 4 calculated in your
computation.

Compute the slope of the tangent line to the curve 5x* + 2y3 = 7xy at the point (1.1). Make
sure that your image shows the curve, the point, and the correct tangent line in the correct
form.

Let h(x) = x*+ 4x3 — 20x2. Find the open interval(s) on which the function is increasing or
decreasing. Then, find and classify all relative extrema on this interval.

. Answer the following questions about the definite integral _f_ll 12x3 + 24x%dx.

a) Estimate the definite integral using lower sums and 30 rectangles. Then, use 300
rectangles.

b) Estimate the definite integral using upper sums and 30 rectangles. Then, use 300

rectangles.
c) Compute the definite integral using the Fundamental Theorem of Caleulus.
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Intervention Group-Instructor 1

Math 155 - Final Exam NAME:

December 16, 2019

FOLLOW THESE INSTRUCTIONS:

(1) Write your name on this paper.

(2) The exam is graded on a 100 point scale. Each problem counts 10 points.
Do as many problems as you can.

(3) It is sufficient to compute numerical answers with 3 decimal digits (for ex-
ample, 7.123).

(4) Write numerical answers to problems in the boxes provided on this exam.
(5) You will turn in this exam and the printout of your Maple worksheet.
Make sure your name is on the computer printout.

Put this exam on top of your computer printout and staple them together.

(6) You may not use notes, books, calculators, or the internet.
You may use the Maple help feature in the Maple program.

(7) The set of boxes below is for grading. Do not write in it.

1 6
2 7
3 8
4 9
5 10
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(1) Plot the following lines on the same graph:
8r—13y =5
Tr+ 21y = -3

Find all solutions of this system of equations. Write the answer here:

(2) Compute
i 1000z® — 63e*
Write the answer here:

Compute
. 900z° — 19z% — 8
lim .
rv00 22510 + 1814 -+ 1122
Write the answer here:

(3) Compute the first and second derivatives of the function
f(z) =sin(5+e")

Write the answer here:
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(4) Compute the tangent line and the normal line to the curve
y=+vVxt+2:2+6

at r = 2. Write the equation of the tangent line here:

Write the equation of the normal line here:

(5) On the same graph, use “scaling constrained” to plot the curve
y=vVzt+2r2+6

and the tangent and normal lines at = = 2.

(7) Let
flz) =Vt — T2 +17

Find the local minima and local maxima of the function f(x):

Find the inflection points of the function f(x):
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(8) Compute the indefinite integral

f e’ sin 2zxdx
and the definite integral

2
/ e” sin 2zdzr.
0

(9) Compute the arca under the curve y =tan x for 0 < z < /4.

(10) Use implicit differentiation to compute dy/dx on the curve
z3 — Ty + 2y2 = 16.

Compute the tangent line to the curve at (1,3).
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Intervention Group-Instructor 2

MATI155 Final Exam Fall 2019

Read direction carefully and use comments to explain your solutions.

1.

r

Find the equation of the line tangent to the function y = sin(8), where 8 =110 degrees.
(10Pt)

a) Define a function with a slope of 2 and goes through point (3,4).
b) Find the inverse of this function.
¢) Plot both the function and its inverse on the same axes and confirm that they reflect
each other through the line y = x. (10 Pt)

For the function f(x) = X find the values of x for which this function is undefined,

x3-36x °

then find the limit as x approaches these values. (10 Pt).

For the function f(x) = In(x) + 2x,
a) Write while loops to estimate the root of f to two decimal places.
b) Using Newton’s method of approximation, write a loop to estimate the root. (10 Pt)

When a rock is thrown upward on the planet Killjoy, the height of the rock is given by

h(t) = % t2 4+ 48t — 11, where / is measured in feet and # is measured in seconds.
a) What is the rock’s maximum height?

b) What is the rock’s final velocity right before hitting the ground?

¢) Find an expression for the acceleration of the rock. (10 Pt).

For the function f(x) = -7x* + 5x°;

a) Determine the proper window to display the interval in which local extrema occur.
b) Find the critical numbers and the relative extrema of the function.

¢) Find the points of inflection and the concavity of the function. (10 Pt)

Consider the function z(x) = 2 + sin(x -1) fromx =1 to 2.

a) Write a loop to display the left-hand displays and sums and right-hand displays and
sums 2, 4, 8, 16, 32, 64, 128, 256, 516, 1024 subintervals.

b) Find the value of the integral of the function from x =1 to 2. (10 Pt).

Use implicit differentiation to compute dy/dx on the curve x* - xy + 2y? = 16 to compute
the tangent line to the curve at (1, 3). (10 Pt).

Compute the indefinite integral and definite integral of Lf ’* eXsinx dx. (10 Pt).

. 1\*
10. Compute lim (1+2)". (10 Py).



Appendix M: Descriptive Statistics and MANOVA

Figure M1

Descriptive Statistics: Checking Errors and Missing Values

N
Valid Missing
ID 81 0
Instructor 81 0
Pre HWK Der-Concept 81 0
Pre HWK Der-Procedure 81 0
Pre HWK Int-Concept 81 0
Pre HWK Int-Procedure 81 0
Quiz Der-Cncept 81 0
Quiz Der-Procedure 81 0
Quiz Int-Concept 81 0
Quiz _Int-Procedure 81 0
Post Der-Concept 81 0
Post Der-Procedure 81 0
Post Int-Concept 81 0
Post Int-Concept 81 0
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Figure M2

Descriptive Statistics-RQ1

Descriptive Statistics

Group

Pretest HWK Derivative C Comparison Group (Static

oncept Visualization)
Intervention Group
(Dynamic Visualization
Animation)

Total

Quiz_Derivative_Concept ~ Comparison Group (Static
Visualization)
Intervention Group
(Dynamic Visualization
Animation)

Total

Posttest Final Derivative ~ Comparison Group (Static

Concept Visualization)
Intervention Group
(Dynamic Visualization
Animation)

Total
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Figure M3
Tests of Within-Subjects Effect-RQ1

Tests of Within-Subjects Effects

Measure: MEASURE 1
Type 111 Partial
Sum of Mean Eta Noncent. | Observed

Source Squares df Square F Sig. | Squared | Parameter | Power®
Time Sphericity I 51656 502 2| 10913.251 155.419| .000 663 310.838 1.000

Assumed

Greenhouse | 1er¢ s02| 1.759| 12411.584 ] 155.419 | .000 663 273314 1.000

-Geisser

?;ﬁ?h‘ 21826.502 | 1.818| 12004.209 | 155.419| .000 663 | 282.589 1.000

ﬁgﬁg 21826.502 | 1.000| 21826.502 | 155.419| .000 663|  155.419 1.000
Time * Group  Sphericity 1130.996 2| 565.498| 8.053| .000 093 16.107 954

Assumed

Greenhouse | 1130996 1750  643.138] 8.053| .001 093 14.162 934

-Geisser

E;let“h' 1130996 | 1.818| 622.029| 8.053] .001 093 14.643 940

Lower- 1130.996| 1.000| 1130.996| 8.053| .006 093 8.053 800

bound
Error(Time) - Sphericity {1004 4771 158 70218

Assumed ’ ’

Greenhouse | 1604 477| 13892 79 859

-Geisser 6

Huynh- 143.64

Folit 11094.477 X 77.238

Lower- 11094.477| 79.000|  140.436

bound

a. Computed using alpha = 0.05




Figure M4

Tests of Between-Subjects Effects-RQ1

Transformed Variable: Average

161

Type III Sum Partial Eta | Noncent. | Observed
Source of Squares | df | Mean Square F Sig. | Squared [ Parameter [ Power®
Intercept 1437731.442 1] 1437731.442] 6358.083 | .000 988 6358.083 1.000
Group 24.381 1 24.381 .108 [ .744 .001 .108 .062
Error 17863.998 | 79 226.127
a. Computed using alpha = 0.05
Figure M5
Descriptive Statistics-RQ2
Std.
Group Mean Deviation N
Pretest HWK_ Derivative  Comparison Group (Static
o 66.7241 12.86162 29
Procedure Visualization)
Intervention Group (Dynamic
o o 66.5577 12.81912 52
Visualization Animation)
Total 66.6173 12.75399 81
Quiz_Derivative Comparison Group (Static
o 87.3448 11.21630 29
Procedure Visualization)
Intervention Group (Dynamic
o o 80.9423 11.05674 52
Visualization Animation)
Total 83.2346 11.46764 81
Posttest Final Derivative Comparison Group (Static
o 87.5862 11.42215 29
Procedure Visualization)
Intervention Group (Dynamic
o o 92.1731 7.05085 52
Visualization Animation)
Total 90.5309 9.06930 81
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Figure M6

Multivariate Tests-RQ2

Multivariate Tests?

Partial
Hypothesis | Error Eta Noncent. | Observed
Value F df df Sig. | Squared [ Parameter | Power®

750 116.725° 2.000 [ 78.000| .000 750 233.449 1.000
250 116.725° 2.000| 78.000( .000 7501 233.449 1.000
2.993| 116.725° 2.000 [ 78.000| .000 750 233.449 1.000
2.993| 116.725° 2.000 | 78.000| .000 750 233.449 1.000
245] 12.626° 2.000| 78.000( .000 245 25.252 .996
55| 12.626° 2.000| 78.000( .000 .245 25.252 .996
324 12.626° 2.000 [ 78.000| .000 245 25.252 .996
324 12.626° 2.000| 78.000 [ .000 245 25.252 .996

a. Design: Intercept + Group
Within Subjects Design: Time
b. Exact statistic

c. Computed using alpha = .05

Figure M7

Tests of Between-Subjects Effects-RQ2

Tests of Between-Subjects Effects
Measure: MEASURE 1

Transformed Variable: Average

Type III Sum Partial Eta| Noncent. Observed
Source of Squares | df | Mean Square F Sig. | Squared | Parameter Power?
Intercept | 1437731.442 1] 1437731.442] 6358.083 | .000 .988 6358.083 1.000
Group 24.381 1 24.381 .108] .744 .001 .108 .062
Error 17863.998 | 79 226.127

a. Computed using alpha = .05



Figure M7

Descriptive Statistics-RQ3

Descriptive Statistics

Std.
Group Mean Deviation N
Pretest HWK Integral ~ Comparison Group (Static
Concept Visualization) 719635 8.57522 2
Intervention Group
(Dynamic Visualization 64.7308 12.51214 52
Animation)
Total 67.3210| 11.73545 81
Quiz_Integral Concept \C/ci)srzapz::t(:zn?roup (Static 91.4138 13.60963 20
Intervention Group
(Dynamic Visualization 85.5962( 10.35120 52
Animation)
Total 87.6790| 11.91095 81
Postest Final Integral =~ Comparison Group (Static
Concept Visualization) 8996551 1108565 2
Intervention Group
(Dynamic Visualization 96.6538 6.26814 52
Animation)
Total 94.2593 8.85830 81
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Figure M8
Multivariate Tests-RQ3

Multivariate Tests®

Partial
Hypothesis | Error Eta Noncent. | Observed
Effect Value F df df Sig. | Squared | Parameter | Power®
Time Pillai's
787 144.350° 2.000 | 78.000 | .000 787 288.701 1.000
Trace
Wilks'
213 144.350° 2.000 | 78.000 | .000 187 288.701 1.000
Lambda
Hotelling's
3.701| 144.350° 2.000 | 78.000 | .000 187 288.701 1.000
Trace
Roy's
Largest 3.701| 144.350° 2.000 | 78.000 | .000 187 288.701 1.000
Root
Time * Group Pillai's
278 15.001° 2.000 | 78.000 | .000 278 30.003 .999
Trace
Wilks'
722 15.001° 2.000 | 78.000 | .000 278 30.003 .999
Lambda
Hotelling's
385 15.001° 2.000 | 78.000 | .000 278 30.003 .999
Trace
Roy's
Largest 385 15.001° 2.000 | 78.000 | .000 278 30.003 .999
Root

a. Design: Intercept + Group
Within Subjects Design: Time
b. Exact statistic

¢. Computed using alpha = .05



Figure M9

Tests of Between-Subjects Effects-RQ3

Measure: MEASURE 1

Transformed Variable: Average

Tests of Between-Subjects Effects

165

Type 111 Partial
Sum of Mean Eta Noncent. | Observed
Source Squares df Square F Sig. | Squared | Parameter Power®
Intercept | 1553461.56 1553461.56
; 1 ; 9422.501( .000 9921 9422.501 1.000
Group 251.341 1 251.341 1.525| .221 .019 1.525 230
Error 13024.511] 79 164.867

a. Computed using alpha = .05
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Figure M10

Descriptive Statistics-RQ4

Descriptive Statistics

Std.

Group Mean Deviation | N

Pretest HWK Integral ~ Comparison Group
o 71.9655 8.57522| 29

Concept (Static Visualization)

Intervention Group

(Dynamic Visualization 64.7308 12.51214 52

Animation)

Total 67.3210| 11.73545( &I
Quiz_Integral Concept Comparison Group

(Static Visualization) L4138 13.69963 ) 29

Intervention Group

(Dynamic Visualization 85.5962( 10.35120| 52

Animation)

Total 87.6790| 11.91095| 81
Postest Final Integral =~ Comparison Group
Concept (Static Visualization) 899655\ 11083651 29

Intervention Group

(Dynamic Visualization 96.6538 6.26814| 52

Animation)

Total 94.2593 8.85830| &I




Figure M11

Multivariate Tests-RQ4

Multivariate Tests?
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Hypo Partial
thesis | Error Eta Noncent. | Observe
Effect Value F df df Sig. | Squared | Parameter | d Power®
Time
144.350
Pillai's 787 N 2.000| 78.000| .000 787 288.701 1.000
Trace
Wilks'
144.350
Lambd | .213 . 2.000 | 78.000 | .000 787 288.701 1.000
a
Hotelli
144.350
ng's 3.701 X 2.000| 78.000| .000 787 288.701 1.000
Trace
Roy's
144.350
Larges | 3.701 N 2.000| 78.000| .000 787 288.701 1.000
t Root
Time * Group
Pillai's 278 15.001%| 2.000 | 78.000 | .000 278 30.003 .999
Trace
Wilks'
Lambd | .722| 15.001®| 2.000 | 78.000| .000 278 30.003 .999
a
Hotelli
ng's 385 15.001°| 2.000 | 78.000 | .000 278 30.003 .999
Trace
Roy's
Larges 385 15.001°| 2.000 | 78.000 | .000 278 30.003 .999
t Root

a. Design: Intercept + Group

Within Subjects Design: Time

b. Exact statistic

¢. Computed using alpha = .05



Figure M12

Tests of Between-Subjects Effects-RQ4

Measure: MEASURE 1

Transformed Variable: Average

Tests of Between-Subjects Effects
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Partial
Type III Sum of Eta Noncent. | Observed
Source Squares df | Mean Square F Sig. | Squared | Parameter | Power®
Intercept 1553461.563 1] 1553461.563|9422.501 | .000 992 9422.501 1.000
Group 251.341 1 251.341 1.525] .221 .019 1.525 230
Error 13024.511 | 79 164.867

a. Computed using alpha = .05



