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	· Title of activity:
	Unit Tests

	· Creator:
	Rachel Morris

	· Department:
	CSIS

	· Course:
	CS 200 (Language agnostic)

	· Description of activity:
	Introduce unit tests to students, and then have them work together in groups of 2 – 3 to build out test cases in a couple different types of activities. At the end, there is a reflection discussion.



	· What are the team members’ roles in this activity?
	For the first activity, one student will be the “function developer” and another student (or two students) will be the “test developers”. One will write out pseudocode for the required feature, while the other writes test-cases for the task.
For part two, the entire group writes test cases prior to writing any function pseudocode.

	· With which course objective does this activity align?
	II.D. Test the solution 
– II.D.1. Perform unit and integration testing.

	· What materials are needed for students to complete this activity?
	Paper, writing utensils. Coding is done as pseudocode.

	· What is the timeline for completion of this activity?
	Could take entire class period (1 hour 15 minutes), could be cut down by only doing one scenario per activity.

	· How will the outcomes be measured?  What is the rubric?
	The main output is the reflection discussion with the entire class at the end; I have not prepared a rubric, and created this as an exploration activity.

	· Notes/comments:
	Advising professionals - Chris Perrin (Cactus Software), Farhan Muhammad (Sprint), Rai Singh (Sapient).





Introduction
	Frustrations
When you’re still building up your programming and problem solving skills, working on large programming projects can be intimidating.
Some common frustrations are:
1. How can you really tell if your code works?
2. Syntax errors may be annoying, but logic errors are hard to find – how do you locate them?
3. Manually testing the program by running it many times to make sure a new feature works (and all previously-implemented features still work) is tedious and can be error-prone.
4. If you’re working with someone else, how do you make sure their code works as intended, without combing through all of their code?
		 Syntax error
[image: ]An error caused by mistyping or breaking the language rules of the programming language. These are usually found by the compiler.
 
[image: ]Logic error 
An error that is the result of a faulty assumption by the programmer, such as writing an equation incorrectly. The program will continue operating, but you might get stumped by weird, unintended output due to bad logic.
 
Runtime error
[image: ]An error that occurs while the program runs, and causes the program to crash. Logic errors are a type of runtime error.







Functions
Before we start talking about writing programs to test our programs, let’s step back and look at some function basics. When we are in algebra, we eventually graduate from type equations to using functions, which look like . When we “plug in” some value in as x (the input) the result of what is equal to is the output.
	Function

		Input x
	-2
	2
	3
	4

	Output f(x)
	4
	4
	9
	16






Functions are similar in programming – we can define zero, one, or more input parameters, and we can have our functions return one item with the return statement (in C++). Thinking about functions in terms of inputs and outputs is key to writing our tests.


…
	Practice 1: Building test cases
[image: ]You’re working with another programmer, Anisha, to build a program that will calculate someone’s student loan interest over time.
You know what the formula for this is per the specification…
	A is the total accrued amount,
			P is the principal amount,
			r is the rate of interest per year (as a decimal),
			t is the time period in months or years.
… and, without seeing Anisha’s code as she is working on it, you need to write a test to make sure her code works. But we know the math! 
So, we can come up with a list of test cases – where each test makes sure that we get some expected output given a set of inputs.
Fill out the following table with additional test cases, simply by filling out P, r, and t, and figuring out what the expected output for A should be.
	Test #
	P’s value
	r’s value
	t’s value
	
	Expected result for A

	1
	20,000
	0.06125 (6.125%)
	5
	
	26,125

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	



For some tests, you may also want to see if the function properly handles invalid data. For example, if we were doing division in the function, Anisha should program in a check to make sure the denominator isn’t 0 prior to doing the computation. In this case, maybe the function would return early, and we could update our test to make sure that dividing by zero is not possible.
Building out test cases before implementing the functionality helps the developers figure out the expected inputs and outputs of a function, spot possible problem cases (division by 0), help the developers create the minimum amount of code required to solve the immediate problem, and give them a way to verify that the new feature works as intended.




Writing code
Once you’ve written test cases on paper, how do you actually write a program to test your program? 
It is actually simple if you think about it! You can call the functions to test, and you know the expected inputs and outputs, so you simply have to call the function with the given inputs and check to see if the actual output matches the expected output. If the test fails, you can display a message to the screen, “Hey, I called the function with these inputs, but I got [wrong output] instead of [correct output]!”
		Here is example code to test 
Anisha’s accrual function.
	bool Test_Accrual()
{
	bool allTestsPass = true;

	We can declare variables for all our inputs, the expected output, and actual output.
	
	float P, r, t, expectedA, actualA;

	Then we set up our test…
		// Test 1
	P = 20000.0;
	r = 0.06125;
	t = 5.0;
	expectedA = 26125;

	And call the function…
(Programmers don’t usually name their 
functions after themselves! :)
		actualA = AnishasAccrual( P, r, t );

	And check if the result was wrong…
		if ( actualA != expectedA )
	{
		cout << "Wrong output!" << endl
			<< " P: " << P
			<< " r: " << r
			<< " t: " << t
			<< " Expected output: " 
			<< expectedA
			<< " Actual output: "
			<< actualA << endl;
			
		allTestsPass = false;
	}

	Or right!
		else
	{
		cout << "Test 1 passed" << endl;
	}

	And after some more tests…
		// Test 2 goes here...
	// Test 3 goes here...

	We can return the result!
	
	return allTestsPass;
}





Unit Tests and building a Test Suite
		Test Suite
A collection of tests to validate a program.

Unit Test
A test that checks the validity of one tiny aspect of a program, independently of all other modules of the program.



	Generally, you would write a separate program to test the functions of your in-development program. The collection of all of your tests for the product is known as the test suite. After features are implemented, the developers can run all the tests in the test suite to ensure that all functions of the program continue working as intended! The bigger your project, the more important these tests are!



There are many types of tests that professionals do to ensure the validity of their product, but when we are writing these functions to test a single function’s inputs and outputs, these are called unit tests!

Practice activities
Now let’s work on some scenarios together! Group up in teams of 2 to 3. For the first set of practice problems, one person will develop the function and the other one or two people will work on test cases at the same time. For the second set of practice problems, everybody will work on the test cases first.

Pair up practice 1
For this practice, one person will be the function developer and the others will be test developers. 
You will each work simultaneously to tackle a problem. The function developer will write their solution in pseudocode, and the test developer(s) will work on writing out a list of test cases. After everybody is finished, step through the pseudocode, using the inputs and outputs in the test cases, and make sure that the function works as intended. After each problem, rotate jobs so that everybody gets a chance to write test cases.
Also try to keep in mind cases where the user, or another part of the program, could pass in bad information as input, and how you would handle invalid input (e.g., negative prices, divide by 0, etc.)

Pair up practice 2
For these scenarios, we will approach them a little differently – everybody on the team works together to come up with test cases, before any code is written. This reflects the “Test Driven Development” style of software development. After your team has come up with the test cases, work together to then implement the function together.

	[image: ]Pair up practice 1, scenario 1: Phone plan price
Phone company Scoot has several options for their mobile phone plans, based on the features that the customer wants. The base plan price is $30 per month, but depending on additional features, the price will be increased. Using the following table, the function developer will write pseudocode to calculate the price of the plan, and the test developers will write a list of test cases to check to verify that the function works properly.
	Sample function header:
	double GetPlanCost( int data, int talk, int text )

Where data, talk, and text integers correspond to a tier # and the return value is the cost in dollars-per-month of the plan.

	Pricing breakdown, 
$30 base price + amount for features…
		
	Default (Tier 0)
	Tier 1
	Tier 2
	Tier 3

	Data
	None 
+ $0
	1 GB
+ $5
	2 GB
+ $10
	Unlimited
+ $15

	Talk
	300 minutes
+ $0
	700 minutes
+ $5
	1500 minutes
+ $10
	Unlimited
+ $15

	Texting
	None
+ $0
	200 texts
+ $5
	500 texts
+ $10
	Unlimited
+ $15



So for unlimited data, talk, and texting through Scoot, it would be $75 per month.






	[image: ]Pair up practice 1, scenario 2: Movie rating
Streaming media company WebPix allows user to select a rating, from 1 to 5 stars, on the movies that they watch. The system will re-calculate the movie’s average and save the new average, along with the amount of ratings the movie has received so that it doesn’t have to save each individual rating. The function developer will write the function to calculate the updated average, and the test developer will write test cases to make sure the rating calculation works properly.
	Sample function header:
	double GetNewAverage( int oldCount, 
	int newCount, double oldAvg, int newRating )

	Math:
	
count = count of votes, avg = average score, rating = new 5 star rating







	[image: ]Pair up practice 2, scenario 1: Ticket prices
A local movie theater chain, WYSIWYG Theaters, has an online based ticketing system. The customer can select the showtime, amount of adults, children, and/or senior citizens, and a 3D showing or a standard one.
Using the table below, first write the test cases to validate the function before any code is written. After the test cases are done, write the function pseudocode. Assume that the array/list of objects has a “GetSize()” function.
	Ticket object:
	object Ticket
{
	TimeOfDay: [Day, Night]
	MovieType: [2D, 3D]
	Customer:  [Child, Adult, Senior]
}

	Sample function header:
	double GetTotal(Ticket allTickets[])

	Pricing breakdown:
		
	Day 2D
	Day 3D
	Night 2D
	Night 3D

	Child
	$6.50
	$15.00
	$7.50
	$17.00

	Adult
	$8.00
	$17.00
	$10.00
	$20.00

	Senior
	$7.00
	$16.00
	$8.00
	$17.00









	[image: ]Pair up practice 2, scenario 2: Search filter
Car rental company Painz has a website where customers may be able to search for a car to rent. The customer is able to filter based on car type and price range for daily rental cost. Based on this information, a list of available cars will be returned that meet the criteria, that are also currently available.
For this test set, you would have to build a list of Car objects that would be passed in, as well as the list of Car objects that you would expect to get back based on the filter criteria. Assume that the array/list of objects has a “GetSize()” function.
	Car object:
	object Car
{
	Type: [Economy, SUV, Minivan]
	DailyPrice: double
	Available: [True, False]
}

	Sample function header:
	Car[] FilterList(Car[] fullList, Type carType, 
	double minPrice, double maxPrice)







Reflection
Go over these reflection questions with the entire class to see what you learned, and compare it with your classmates.
	1. Did the test developers come up with any scenarios that the function developer overlooked? What scenario was it?


	2. Did having multiple people working on tests result in a wider range of test cases that were written? Did some people come up with tests that others didn’t think of?


	3. How did your function development differ in practice 1, where the tests and function were being written concurrently, and in practice 2, where the tests were written first?


	4. Did you find it easier to think of problem cases and invalid data when you started writing the function first, or when you started with the tests first?


	5. How do you decide when your test cases cover all possible outcomes?


	Do you think that you will be more likely to write tests for your programs now?
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