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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.  

• Instantaneous rate of change 

•  Average rate of change 

•  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 

 
 

II Application of Integrals 
LO 2  

At the end of this unit, students will be able to use integral, to: 

• Find the area under a curve of a function 

• Solve problem involving 

• 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  
Understanding 

Conceptual  
Understanding 

Illustration 

Yes (1) No 
(0) 

Yes (1) No 
(0) 

 

Non-Maple Static 
visualization:  
lesson and activities on  
derivative 

1  1  See Appendix A and 
Appendix I 

Non-Maple Static 
visualization:  
lesson and activities  
on integral 

1  1  See Appendix A and 
Appendix I 

Instructor’s questions  
engaging students’  
understanding of derivative 

1  1  See Appendix A and 
Appendix I 

Instructor’s questions  
engaging students’  
understanding of integral 

1  1  See Appendix A and 
Appendix I 

Instructor encourages  
students to ask questions  
on concepts (integral) 
taught 

1  1  See Appendix A and 
Appendix I 

Instructor asks students  
to explain results of  
questions on derivatives 

1  1  See Appendix A and 
Appendix I 

Instructor asks students  
to explain results of  
questions on integrals 

1  1  See Appendix A and 
Appendix I 

Reinforcement activities 
on derivatives 

1  1  See Appendix A and 
Appendix I 

Reinforcement activities 
on integrals 

1  1  See Appendix A and 
Appendix I 
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Table B2 

Intervention Instructor 1 

Observation Table Rubric 

Items Procedural  
Understanding 

Conceptual  
Understanding 

Illustration/ Definitions 

Yes 
(1)  

No  
(0) 

Yes 
(1)  

No  
(0) 

 

Dynamic 
visualization: 
lesson and 
activities on 
derivative 
 
 
 

1  1  Definitions and class work on: 
Function and Curve, Difference 
quotient, Instantaneous and 
average rate of change, 
Equations of the tangent and 
normal lines to a curve. 
See Appendix B and Appendix 
I  

Dynamic 
visualization: 
lesson and 
activities on 
integral 

1  1  Definition and class work on 
Primitive, Antiderivative, 
Definite and Indefinite 
Integrals, Area under a curve of 
functions, Volume of a Solid of 
Revolution. See Appendix A, 
Appendix, B and Appendix I 

Reinforcement 
activities on 
derivative 

1  1  The assigned homework 
questions reflected the 
activities done in class 

Instructor’s 
questions engaging 
students’ 
understanding of 
integrals 

1  1  See Appendix B and Appendix 
I 

Instructor asks 
students to explain 
results of questions 
on Integral 

1  1  See Appendix B and Appendix 
I 

Reinforcement 
activities on 
derivative 

1  1  See Appendix B and Appendix 
I 

Reinforcement 
activities on 
derivative 

1  1  See Appendix B and Appendix 
I 
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Table B3 

Intervention Instructor 2 

Observation Table Rubric 
Items Procedural  

Understanding 
Conceptual  
Understanding 

Illustration/ Definitions 

Yes 
(1)  

No  
(0) 

Yes 
(1)  

No  
(0) 

 

Dynamic visualization: 
lesson and activities on 
derivative 

1  1  See Appendix A, 
Appendix, B and 
Appendix I 

Dynamic visualization: 
lesson and activities on 
integral 

1  1  See Appendix A, 
Appendix, B and 
Appendix I 

Reinforcement activities 
on derivative 

1  1  The assigned homework 
questions reflected the 
activities done in class 

Instructor’s questions 
engaging students’ 
understanding of integrals 

1  1  See Appendix A, 
Appendix, B and 
Appendix I 

Instructor asks students to 
explain results of 
questions on Integral 

1  1  See Appendix A, 
Appendix, B and 
Appendix I 

Reinforcement activities 
on derivative 

1  1  See Appendix A, 
Appendix, B and 
Appendix I 

Reinforcement activities 
on derivative 

1  1  See Appendix A, 
Appendix, B and 
Appendix I 
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Appendix C. Sample Pretest Questions 

  
Question 1 

 
 
Question 2 
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Question 3 
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Appendix D. Proof of NIH Web-based Training Course Completion 
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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 
(Potest1) 

End of 
Term 
Exam 
(Posttest) 

D I D I D I D I 
### 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 

 

 

Instructor 2 
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Appendix H: LC Approval Letter to Conduct Research 
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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 
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Figure I 2 

Integrals: Concept and Procedure: Area under a curve 
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Intervention Instructor 2-Derivatives and Integrals: Concept and Procedure 

Figure I 3 

Derivatives: Concept and Procedure-Tangent Lines 
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Figure I 4 

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

 

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

Comparison Group 

Derivatives 

 

Integrals 

 



145 
 

 

Intervention Group- Instructor 1 
Prerequisite Skills- Derivatives 

 

Prerequisite Skills- Integrals 

 

Intervention Group Instructor 2 

Prerequisite Skills- Derivatives 
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Prerequisite Skills- Integrals 

 

  



147 
 

 

Appendix K: Quiz (Postest1)-Derivatives and Integrals 

Comparison Group 

Derivatives 
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Integrals 
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Intervention Group 

Instructor 1 

Derivatives 
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Integrals 

 

Instructor 2 

Derivatives 
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Integrals 
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Appendix L: Posttest 

Comparison Group 
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Intervention Group-Instructor 1 
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Intervention Group-Instructor 2 
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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
oncept 

Comparison Group (Static 
Visualization) 

Intervention Group 
(Dynamic Visualization 
Animation) 

Total 

Quiz_Derivative_Concept Comparison Group (Static 
Visualization) 

Intervention Group 
(Dynamic Visualization 
Animation) 

Total 

Posttest_Final_Derivative_
Concept 

Comparison Group (Static 
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   

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Partial 
Eta 

Squared 
Noncent. 
Parameter 

Observed 
Powera 

Time Sphericity 
Assumed 21826.502 2 10913.251 155.419 .000 .663 310.838 1.000 

Greenhouse
-Geisser 21826.502 1.759 12411.584 155.419 .000 .663 273.314 1.000 

Huynh-
Feldt 21826.502 1.818 12004.209 155.419 .000 .663 282.589 1.000 

Lower-
bound 21826.502 1.000 21826.502 155.419 .000 .663 155.419 1.000 

Time * Group Sphericity 
Assumed 1130.996 2 565.498 8.053 .000 .093 16.107 .954 

Greenhouse
-Geisser 1130.996 1.759 643.138 8.053 .001 .093 14.162 .934 

Huynh-
Feldt 1130.996 1.818 622.029 8.053 .001 .093 14.643 .940 

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

Error(Time) Sphericity 
Assumed 11094.477 158 70.218      

Greenhouse
-Geisser 11094.477 138.92

6 79.859      

Huynh-
Feldt 11094.477 143.64

1 77.238      

Lower-
bound 11094.477 79.000 140.436      

a. Computed using alpha = 0.05 
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Figure M4 

Tests of Between-Subjects Effects-RQ1 

Transformed Variable: Average   

Source 
Type III Sum 

of Squares df Mean Square F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powera 

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 

 

Group Mean 
Std. 

Deviation N 

Pretest_HWK_Derivative_
Procedure 

Comparison Group (Static 
Visualization) 

66.7241 12.86162 29 

Intervention Group (Dynamic 
Visualization Animation) 

66.5577 12.81912 52 

Total 66.6173 12.75399 81 

Quiz_Derivative_ 
Procedure 

Comparison Group (Static 
Visualization) 

87.3448 11.21630 29 

Intervention Group (Dynamic 
Visualization Animation) 

80.9423 11.05674 52 

Total 83.2346 11.46764 81 

Posttest_Final_Derivative 
Procedure 

Comparison Group (Static 
Visualization) 

87.5862 11.42215 29 

Intervention Group (Dynamic 
Visualization Animation) 

92.1731 7.05085 52 

Total 90.5309 9.06930 81 
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Figure M6 

Multivariate Tests-RQ2 

Multivariate Testsa 

Value F 
Hypothesis 

df 
Error 

df Sig. 

Partial 
Eta 

Squared 
Noncent. 
Parameter 

Observed 
Powerc 

.750 116.725b 2.000 78.000 .000 .750 233.449 1.000 

.250 116.725b 2.000 78.000 .000 .750 233.449 1.000 
2.993 116.725b 2.000 78.000 .000 .750 233.449 1.000 
2.993 116.725b 2.000 78.000 .000 .750 233.449 1.000 

.245 12.626b 2.000 78.000 .000 .245 25.252 .996 

.755 12.626b 2.000 78.000 .000 .245 25.252 .996 

.324 12.626b 2.000 78.000 .000 .245 25.252 .996 

.324 12.626b 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   

Source 
Type III Sum 

of Squares df Mean Square F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powera 

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 
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Figure M7 
 
Descriptive Statistics-RQ3 
 

Descriptive Statistics 
 

Group Mean 
Std. 

Deviation N 

Pretest_HWK_Integral_
Concept 

Comparison Group (Static 
Visualization) 

71.9655 8.57522 29 

Intervention Group 
(Dynamic Visualization 
Animation) 

64.7308 12.51214 52 

Total 67.3210 11.73545 81 

Quiz_Integral_Concept Comparison Group (Static 
Visualization) 

91.4138 13.69963 29 

Intervention Group 
(Dynamic Visualization 
Animation) 

85.5962 10.35120 52 

Total 87.6790 11.91095 81 

Postest_Final_Integral_
Concept 

Comparison Group (Static 
Visualization) 

89.9655 11.08565 29 

Intervention Group 
(Dynamic Visualization 
Animation) 

96.6538 6.26814 52 

Total 94.2593 8.85830 81 
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Figure M8 

Multivariate Tests-RQ3 
Multivariate Testsa 

Effect Value F 
Hypothesis 

df 
Error 

df Sig. 

Partial 
Eta 

Squared 
Noncent. 
Parameter 

Observed 
Powerc 

Time Pillai's 
Trace 

.787 144.350b 2.000 78.000 .000 .787 288.701 1.000 

Wilks' 
Lambda 

.213 144.350b 2.000 78.000 .000 .787 288.701 1.000 

Hotelling's 
Trace 

3.701 144.350b 2.000 78.000 .000 .787 288.701 1.000 

Roy's 
Largest 
Root 

3.701 144.350b 2.000 78.000 .000 .787 288.701 1.000 

Time * Group Pillai's 
Trace 

.278 15.001b 2.000 78.000 .000 .278 30.003 .999 

Wilks' 
Lambda 

.722 15.001b 2.000 78.000 .000 .278 30.003 .999 

Hotelling's 
Trace 

.385 15.001b 2.000 78.000 .000 .278 30.003 .999 

Roy's 
Largest 
Root 

.385 15.001b 2.000 78.000 .000 .278 30.003 .999 

a. Design: Intercept + Group  
 Within Subjects Design: Time 
b. Exact statistic 
c. Computed using alpha = .05 
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Figure M9 

Tests of Between-Subjects Effects-RQ3 

Tests of Between-Subjects Effects 
Measure:   MEASURE_1   
Transformed Variable:   Average   

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Partial 
Eta 

Squared 
Noncent. 
Parameter 

Observed 
Powera 

Intercept 1553461.56
3 

1 
1553461.56

3 
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 
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Figure M10 
 
Descriptive Statistics-RQ4 

Descriptive Statistics 
 

Group Mean 
Std. 

Deviation N 

Pretest_HWK_Integral_
Concept 

Comparison Group 
(Static Visualization) 

71.9655 8.57522 29 

Intervention Group 
(Dynamic Visualization 
Animation) 

64.7308 12.51214 52 

Total 67.3210 11.73545 81 

Quiz_Integral_Concept Comparison Group 
(Static Visualization) 

91.4138 13.69963 29 

Intervention Group 
(Dynamic Visualization 
Animation) 

85.5962 10.35120 52 

Total 87.6790 11.91095 81 

Postest_Final_Integral_
Concept 

Comparison Group 
(Static Visualization) 

89.9655 11.08565 29 

Intervention Group 
(Dynamic Visualization 
Animation) 

96.6538 6.26814 52 

Total 94.2593 8.85830 81 
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Figure M11 
 
Multivariate Tests-RQ4 

Multivariate Testsa 

Effect Value F 

Hypo
thesis 

df 
Error 

df Sig. 

Partial 
Eta 

Squared 
Noncent. 
Parameter 

Observe
d Powerc 

Time  
Pillai's 
Trace 

.787 
144.350

b 
2.000 78.000 .000 .787 288.701 1.000 

Wilks' 
Lambd
a 

.213 
144.350

b 
2.000 78.000 .000 .787 288.701 1.000 

Hotelli
ng's 
Trace 

3.701 
144.350

b 
2.000 78.000 .000 .787 288.701 1.000 

Roy's 
Larges
t Root 

3.701 
144.350

b 
2.000 78.000 .000 .787 288.701 1.000 

Time * Group  
Pillai's 
Trace 

.278 15.001b 2.000 78.000 .000 .278 30.003 .999 

Wilks' 
Lambd
a 

.722 15.001b 2.000 78.000 .000 .278 30.003 .999 

Hotelli
ng's 
Trace 

.385 15.001b 2.000 78.000 .000 .278 30.003 .999 

Roy's 
Larges
t Root 

.385 15.001b 2.000 78.000 .000 .278 30.003 .999 

a. Design: Intercept + Group  
 Within Subjects Design: Time 
b. Exact statistic 
c. Computed using alpha = .05 
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Figure M12 
 
Tests of Between-Subjects Effects-RQ4 

Tests of Between-Subjects Effects 
Measure:   MEASURE_1   
Transformed Variable:   Average   

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Partial 
Eta 

Squared 
Noncent. 
Parameter 

Observed 
Powera 

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 

 
 


