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Textbook: Visual Basic.Net Step by Step by Michael Halvorson, version 
2010 

 
For information about the weekly labs of this course, see:  
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For some information about the MICA courses, see: 

Ralph, W. (2001). Mathematics takes an exciting new direction with MICA program. Brock 
Teaching, 1(1), 1.  

Buteau, Muller, & Ralph (2015). Integration of Programming in the Undergraduate 
Mathematics Program at Brock University. In Online Proceedings of the Math + Coding 
Symposium, London (Canada), June 2015.  

 

Contact (alphabetical order): 

Chantal Buteau, Brock University: cbuteau@brocku.ca 
Eric Muller, Brock University: emuller@brocku.ca 
Bill Ralph, Brock University: bralph@brocku.ca 

  



 
Overview of programming concepts learned through activities during  

the two-hour weekly MICA I laboratory sessions. Assignments are listed 
in the right column. 

(from Buteau, Muller, & Ralph, 2015) 
 
 
 

Week Programming concepts Main Lab Activity Assignment 
submission 	

1 Designing a graphical 
interface 

Writing (i.e., copy line by line) a first program   

2 Programming variables “Hello World” & creating a basic calculator,   
3 Conditional structure, loops Check primality of an integer  
4 Function and Sub-procedures  Create table of n, n2, & n3 EO 1 
5 Arrays Powers in Zn  
6  gcd, Euler’s function, inverse in Zn  
7 Graphics (& systemic 

exploration of a concept) 
Draw different shapes & exploration of Euler’s 
theorem  

EO 2 

8 Graph of a function Graphing a parabola, points, and coordinate 
system 

 

9  EO for the exploration of the dynamical system of 
the logistic function (numerical table and cobweb) 

 

10 (systemic exploration of a 
dynamical system) 

Exploration, guided by instructor, of the 
dynamical system based on the logistic function  

EO 3 

11  Individual work on final project  
12  Individual work on final project EO 4 

(in following week) 

 
  



 
MICA I Assignment #1: Conjecture about primes of hailstone sequences 

Task guidelines originally created by Bill Ralph and updated in 2017  

 

 
Note:  Your assignment will consist of a written document and a USB with a working 
program which you have place in a sealed 8.5x11 envelope.  The Written Document and 
Envelope must both show the course name and number, your name, student number, lab 
section number, and assignment number. Your USB must show your name, ID and 
assignment number.  
 
Assignment #1 
 

1. Come up with a clear and interesting conjecture concerning primes or the 
"Hailstone" Sequence. 

 
2. Write a program that will allow the user (you!) to gather data regarding the 

conjecture posed in (1). 
 

3. In your written document, describe clearly how your program works, provide a 
sample (handwritten) of the input and output from your program and discuss the 
conclusions you have made from your data. 

 
 
Your Program 

1. Program must be written in visual basic.net 
2. The program must run when the marker clicks on the .sln on your disc. 
3. The interface must be attractive and user friendly.   
4. It must be clear AT ALL TIMES what the user is to do and  what type of 

information the program is providing.   
 
 
Written Document (hand-written or typed): 
Your written document will consist of four parts under the following headings: 

1. CONJECTURE (the question you’re going to investigate) 
Write a clear statement. If you were inspired from reading in a book or on Internet, 
give the reference — up to few lines 

2. PROGRAM DESCRIPTION  (what your program is supposed to do) — 1 small 
paragraph 

3. SAMPLE DATA  (possibly handwritten) — up to two pages 
4. CONCLUSIONS (Discussion of what you learned about the answer to your 

question from the data you obtained.) — up to one page 



 

Student's ID#______________________     Grade      =  
100

  

         
 

Evaluation of Assignment #1 

1) The program runs and gives output      
20

 

           
 

2) The program’s interface is very easy to understand and use.   
10

  

 
       

3) The interface is very attractive.      
10

  

 
 
 
4) The student's conjecture shows exceptional originality or mathematical depth. 

           
15

 

            
5) The program has been well designed to gather data directly related to the 

conjecture.          

          
10

  

 
 
6) The student's program shows one or more of the following qualities 
 i) exceptional originality  
 ii) exceptional programming skill 
 iii) exceptional interface design  
 iv) exceptional use of mathematics      

           
15

  

 
 
 
7) There is a written document that contains a clearly stated conjecture, input and 

output from the program and a conclusion that clearly explains how the data 
relates to the question. 

           
20

 

Any comments by the marker:  
  



 
MICA I Assignment #2: RSA Encryption 

Task guidelines originally created by Bill Ralph and updated in 2017  

 

Your mission is to design an "ENIGMA" program that will make it quick and easy for 
spies to encode and decode messages on the run, according to the RSA method.  Your 
program should have a very friendly interface that is COMPLETELY self explanatory. 
Your RSA project will be graded as follows: 
 
I - Your RSA program (90%) 
 
Part A) 40% 
 
Mode 1) The interface allows the user to enter n, e and a number to be encoded and  
  on a button click displays the encoded number. 
 
Mode 2) The interface allows the user to enter n, d and a number to be decoded and 
  on a button click displays the decoded number. 
 
Part B) 20% 
Every time the user clicks a button, the program generates two new primes with 3 digits 
each and displays the two primes and the corresponding values of n, e and d.   
 
Part C) 10% 
The program has an original extra feature of your own choosing. The interface will have a 
button saying “Extra Feature”.  When that button is clicked a message box comes up 
describing the extra feature of your program (i.e. tell your marker what to look for in your 
message).   
 
Interface 10%: The interface is extremely “spy friendly”, self-explanatory and attractive. 
 
Programming style 10%: The program has good programming style.  It uses comments, 
functions and sub procedures, and it is efficient.  
 
II - Your (hand-written or typed) Report 10% 
Your written document will consist of three parts under the following headings: 

1. INTRODUCTION. Write a short paragraph about what RSA and your project are 
about. If you use resources (internet, book, article, etc.), give the reference(s) — up 
to 10 lines 

2. DESCRIPTION OF RSA METHOD USING AN EXAMPLE. First use your 
program to generate an example with your first name (i.e., encode/decode your 
first name). Then briefly describe all steps of the RSA method by using your first 
name as an example of message to encode and decode (use specific values of n, p, 
q, e, and d) – show steps only for one number group of your first name, and show 
results for the rest of your name 

3. DISCUSSION. Briefly discuss the safety and current use in our life of this 
encryption method; if you use resources, give the reference(s) — up to half a page 

  



 
MICA I Assignment #3: Dynamical System 

Task guidelines originally created by Bill Ralph and updated in 2017  

 

 
Your goal is to write a program that allows a user to first input a particular cubic equation 
and then explore its dynamics on the interval [0,1]. 
 
Participation in the lecture on March 23 with a working program: (5 marks) 
 
Part I: Your interactive dynamical system exploration program (on a USB key) 
 
1) The user should be able to enter the parameters a and b for the function 
 g(x)=-2x3 + 3(a+b)x2 - 6abx + 8 
 
2) Your program should (internally) find the exact maximum M and minimum m of 

the function g(x) on the interval [0,1].  (Hint: First by hand or with Maple, use the 
closed interval method and carefully consider the critical points. You then code your 
results in vb.net) 

 
3) Set f(x) = (g(x)-m)/(M-m). Note that the range of f(x) is exactly [0,1]. At the 
 click of a button, we see the graphs of y=f(x) and y=x appear. (These graphs 
 should just touch the bottom and top of your picture box.)    (20 marks) 
 
4) The user should be able to enter an initial value for the dynamical system 
 determined by f and at the click of another button see a table of values appear and 
 the dynamics (cobweb) drawn in the picture box as in parts 6) to 11) of lab#9.   
          (25 marks) 
 
Your program should have an attractive user-friendly interface and good programming 
style: it should use comments, functions and sub procedures, and should be efficient.  
           (10 marks) 
 
Part II: The exploration and hand-written (or typed) report. Your hard-copy report will 
consist of four parts under the following headings: 
 
5. INTRODUCTION. Write a short paragraph introducing your project. If you use 

resources (internet, book, article, etc.), give the reference(s) — up to 8 lines 
(2 marks) 

 
6. MATHEMATICS BACKGROUND USING AN EXAMPLE — up to 2 pages 

(8 marks) 
a. Use the two last digits, d1 and d2, of your student number and set the values 

a=d1/10 and b=d2/10; this defines a specific function g. Use it in the following.  
b. Using any technology (e.g. Maple), draw the graph of g with domain [0,1].  
c. Find the maximum and minimum of g, and define f as in step 3 (Part I). 
d. Using any technology (e.g. Maple), draw the graph of f, and write a sentence or 

two to explain its relation to the graph of g.  



 
e. Select an initial values x0, use your program to compute the first 10 terms of 

the sequence of the iterative function system based on f, and use the data to 
explain how the sequence is built. Identify the convergence or divergence of 
the sequence.  

f. Draw manually the corresponding cob-web (in the graph of f), and describe 
how the convergence or divergence of the sequence is visualized.  

g. Show how to find (algebraically) the fixed points of f (you may use Maple for 
computations), and plot them in the graph of f. Using your program, classify 
them (attracting, repelling or neither) and describe in your own words what 
each classification means. 

 
7. DATA COLLECTION ABOUT INTERESTING CASES— up to half a page 

a. Use your program to find values of a and b so that f(x) has three fixed points. 
Use any method (including Maple) to prove that they are fixed points. Classify 
each point as attracting or repelling or neither and give written evidence for 
your claims.      (20 marks) 

b. Find 3 different pairs of values of a and b and a starting value so that 
subsequent values oscillate closer and closer to a finite number (between 3 and 
100) of values.  Describe what happens.     (7 marks) 

 
8. DISCUSSION/CONCLUSION. Write a short paragraph concluding your exploratory 

work (e.g., discuss further about 3a) or 3b); about dynamical systems; about the use of 
cobwebs, etc). If you use resources (internet, book, article, etc.), give the reference(s) 
— up to half a page      (3 marks) 

 
 
 
 

 
 
 
  



 
MICA I Assignment #4: Original Final Project 

Task guidelines originally created by Bill Ralph and updated in 2017  

 

 
1) The project is done in pairs (groups of 2). Select your own topic (though check 

with your instructor that the topic is adequate)! 
 
2) The project consists of an interactive computer environment (in VB.net) together 

with a written report. It can be one of three types, all of which being considered 
equally important: 
 a) an INVESTIGATION of a mathematical conjecture/problem/theorem  
 b) a LEARNING OBJECT designed to teach/test mathematical concepts

 at a specific grade level (Grades 4 - 12)   
 c) a “real world” APPLICATION of mathematics 

 
3) The project should demonstrate sophisticated knowledge of vb.net tools. 
 
4) The interface must be very friendly, self-explanatory and a pleasure to work with. 
 
 
Written Report. Your hard-copy typed1 report will have the following information under 
the indicated headings: 
 
A) PROJECT TITLE & TYPE 

Provide the name of your project and state whether your program is an 
Investigation, a Learning Object or an Application. 

 
A-2) TARGET AUDIENCE (for Learning Objects only) 
 State your programs target audience. 

 
B) PURPOSE AND BACKGROUND 

State the overall mathematical or pedagogical purpose of your project and provide 
the necessary background. 

 
C) SUMMARY OF OBSERVATIONS 

In the case of an Investigation or an Application, give a coherent summary of what 
you observed. For a Learning Object, describe the experience of at least one 
student, at the appropriate grade level, who worked with your program. 
 

D) DISCUSSION 
 

E) CHECKLIST OF FEATURES 
Provide a checklist of 5 special features of your program for which you should be 
 given credit 

  

                                                
1 Mathematical formula may be added by hand to the write-up. 



 
Grading Schemes (Final Original Projects) 

 
• PROEJCT TYPE:  INVESTIGATION of a mathematical problem  
 

1) The mathematical problem is interesting and has a good difficulty level (10%) 
There is a clear statement of the investigation; it shows originality and depth 

2) The project demonstrates sophisticated knowledge of vb.net tools (20%) 
the project contains (some of the following): great visualization of data, non-trivial 
programming of mathematics concepts, sophisticated interface features. 

3) The interface is very friendly, self-explanatory and a pleasure to work with.  It is well 
designed in order to investigate the problem.  (40%)   

easy access to all parameters needed for the investigation, representation of outcomes 
meaningful to the investigation, the interface is interactive & attractive, communication of 
navigation is clear  

4) Written document: (15% + 15% special features) 
- PROJECT TITLE & TYPE 
- PURPOSE & BACKGROUND: clear statement of the mathematical 

investigation. Describe in details the mathematics 
- SUMMARY OF OBSERVATIONS: provide some data used for your 

investigation, and state your observations 
- DISCUSSION: discuss your observations 
- 5 AWESOME FEATURES OF YOUR PROJECT (15%): list 5 attributes of 

your project that makes it stunning  
 
 
• PROJECT TYPE: LEARNING OBJECT designed to teach/test mathematical concepts 

 
1) The didactical approach to teach/test the mathematical concept is meaningful (10%) 

the approach involves conceptual (ideas, many representations, applications) and 
procedural understanding 

2) The project demonstrates sophisticated knowledge of vb.net tools (20%) 
the Learning Object is engaging (for weaker and stronger users), 'reusable' (.i.e., there 
are randomly generated questions, and contains either animations, (vb.net) graphs, and/or 
good interactive features  

3) The interface is very friendly, self-explanatory and a pleasure to work with. It is well 
designed for the didactical purpose (45%)   

the Learning Object is highly interactive (it is NOT a textbook put into a sequence of 
vb.net windows),  the communication of mathematical is clear, the navigation is clear, 
colors and images are appropriate to the target user, and it’s ‘fun’ (e.g., the context of the 
Learning Object keeps the user's interest until the end) 

4) Written document (10% + 15% special features) 
- PROJECT TITLE & TYPE 
- TARGET AUDIENCE: identify clearly what users are (grade level and age) 
- PURPOSE & BACKGROUND: identify clearly what mathematical 

background you expect from the user, and support the background and 
target audience using the Ontario curriculum document.  

- OBSERVATIONS FROM LEARNING OBJECT TESTING: describe the 
experience of at least one student, at the appropriate grade level, who 
worked with your program 

- DISCUSSION: discuss the observations of the student testing your Learning 
Object 

- 5 AWESOME FEATURES OF YOUR PROJECT (15%): list 5 attributes of 
your project that makes it stunning 



 
 

• PROJECT TYPE: “real world” APPLICATION of mathematics 
 

1) The application is interesting and has a good difficulty level (10%) 
adequate mathematical model to explore the selected real-world situation 

 
2) The project demonstrates sophisticated knowledge of vb.net tools (20%) 

the project contains (some of the following): great visualization of data, non-trivial 
programming of mathematics concepts, sophisticated interface features. 

 
3) The interface is very friendly, self-explanatory and a pleasure to work with.  It is well 

designed in order to explore the mathematical application. (40%)   
easy access to all parameters needed for the investigation, representation of outcomes 
meaningful to the investigation, the interface is interactive & attractive, communication of 
navigation is clear  
 

4) Written document: (15% + 15% special features) 
- PROJECT TITLE & TYPE 
- PURPOSE & BACKGROUND: clear statement of the investigation. 

Describe in details the mathematics used 
- SUMMARY OF OBSERVATIONS: provide some data used for the 

investigation of the mathematical model/simulation 
- DISCUSSION: interpret your observations in the context of the real-world 

situation 
- 5 AWESOME FEATURES OF YOUR PROJECT (15%): list 5 attributes of 

your project that makes it stunning 
 


