QPA Calculator Lab: Computing the Weighted Average of a List of Grades

Introduction

At Northeastern University, the overall quality of a student’s course work is measured by the Quality Point Average (QPA) which is a weighted average of the grades received in the courses multiplied by the course credit for the courses.  In this system, letter grades are interpreted as follows:


A = 4.0
B = 3.0

C = 2.0
D = 1.0
F = 0.0

Intermediate grades, add or subtract one third (0.333...) so that, for example:


A– = 3.666...


B+ = 3.333...

Certain special grades such as pass-fail grades (S = Satisfactory and U = Unsatisfactory) do not contribute to the QPA calculation.

The following example will hopefully explain the calculation.

	Credit
	Grade
	QPA Credit
	QPA Credit

Sum
	QPA Points
	QPA Points

Sum

	4
	A
	4
	4
	16.000
	16.000

	4
	B+
	4
	8
	13.333
	29.333

	4
	C–
	4
	12
	  6.667
	36.000

	4
	B–
	4
	16
	10.667
	46.667

	1
	A–
	1
	17
	  3.667
	50.333

	4
	F
	4
	21
	  0.000
	50.333

	4
	S
	0
	21
	0
	50.333

	4
	U
	0
	21
	0
	50.333


The QPA is therefore:


QPA = (QPA Points Sum) / (QPA Credit Sum) = 50.333 / 21 = 2.397

Notice that the F grade contributes adversely to the QPA by increasing the QPA Credit Sum which enters the denominator while adding no QPA Points.  Notice also that the QPA Credit Sum is the sum of credits entering the QPA calculation and not necessarily the sum of the credits earned towards graduation.

Statement of the Programming Problem

Write a QPA Calculator program that can compute the QPA of a student given a list of the student’s credit and grades.  The program should be capable of handing several students in one execution cycle.  The interactive dialog should be similar to the following:

QPA Calculation Program

Credit: 4

Grade:  a

Credit: 4

Grade:  b+

Credit: 4

Grade:  c-

Credit: 4

Grade:  b-

Credit: 1

Grade:  a-

Credit: 4

Grade:  f

Credit: 4

Grade:  s

Credit: 4

Grade:  u

Credit: 

  4:  A

  4:  B+

  4:  C-

  4:  B-

  1:  A-

  4:  F

  4:  S

  4:  U

Total Credit:
21

QPA Credit:

21

QPA Points:

50.333

QPA:



2.397

Process More Student Grades? [Y]

Notice several features evident from this dialog:

1. As the credit and grades are entered, they are accumulated internally in a list.  When the input phase ends (by pressing Return in response to the Credit prompt), the internal list is printed back to the user.

2. Although the grades were entered by the user in lower case, they have been converted to upper case internally.

3. The question at the end of the sequence is the opening to begin another calculation of the QPA for a new sequence of credit and grades.

4. Both the total earned credit and the QPA credit are displayed.  It happens by coincidence that these are equal in this example (since the S offsets the F in the two different credit calculations).

In addition to the obvious features, we also want the input to be robust, that is:

5. If the user enters a negative or zero value for the credit then this should be rejected and the input cycle for that data should be repeated.

6. If the user enters an invalid grade then this should be rejected and the input cycle for that data should be repeated.

To explore the desired interface features further, run the sample solution QPA Calculator Solution.

Storing Information About Standard Grades

In processing the data about course credit and grades, the QPA Calculator program must have information about the valid grades and about the policies that apply to these grades.  There are two possible mechanisms for providing this information:

A. The information about grades and the policies that apply to these grades can be coded into the logic of the program.

B. The information about grades and the policies that apply to these grades can be provided in a table that is scanned in a uniform manner each time the data is needed.

The first approach is troublesome both because of the nested branching statements needed to handle variant grades (such as B+, B, B–) and because any changes in the grade structure by the university requires complex recoding of the program.  We will therefore use the second approach which is easier to code and more adaptable.

The tabular approach will use a class called StandardGrade to store the information about a particular grade and another class called StandardGradeTable that will hold an array with the data about all standard grades.  The detailed definitions may be found in the code provided for the lab in the file Shell.cpp.  Here are the highlights.

The class StandardGrade has the following data fields:

string
grade;



// grade as a character string

double
value;



// numeric value of grade in QPA

bool

affectsQPA;


// if true then calculate in QPA

bool

affectsCredit;

// if true then calculate in sum of credits

The grade is stored as a standard C++ library string rather than a more primitive C-style character array.  The value is how the grade is interpreted for the QPA computation.  The field affectsQPA is true if this grade enters into the QPA calculation.  The field affectsCredit is true if this grade represents a course that was passed and so the credit is added into the total of degree credit earned.

In order to provide a complete simple example of a class, we have given the entire code for the StandardGrade class in the Shell.cpp program.

The class StandardGradeTable is a public extension of the Array class:

class StandardGradeTable : public Array<StandardGrade>

Hence the array operations for StandardGradeTable are already available by inheritance.  The only member functions that need to be added are a constructor, variations of the Append function, and specific functions useful for this class.

We have provided the constructor to illustrate how a constructor for a derived class initializes its underlying base class object.

The Append functions are also provided because of a technicality in C++ inheritance.  We wish to define an Append function that takes 4 parameters: the grade, its value, and the two bool fields that determine if the grade affects the QPA and affects the credit.  We also want the standard Append function with 1 parameter, namely, a StandardGrade object.  Normally, this function would be automatic via inheritance.  However, once we introduce another Append function then the inherited function is invisible and so we must redefine it again.  We give the code for both Append functions so you can see how the technical issues are resolved.

The remaining two functions in class StandardGradeTable that you must define are:

// Find the index of a grade in the table

// Return -1 if the grade is not found


int Find(const string& g) const

// Print the grades in the table


void Print() const

The Find function runs a loop through the array searching for the grade g.  If the grade is found, the index of its array location is returned.  If it is not found, then -1 is returned instead.  We are going to provide this function here because we want you to type it in yourself rather than merely look at it in the Shell.cpp file.  Hopefully you will remember it better.

int Find(const string& g) const {


int index = ValidSize() - 1;


while ((index >= 0) && (Access(index).Grade() != g)) index--;


return index;

}

Notice several things.  Access(index) accesses the index-th array cell which has type StandardGrade.  To see the grade in this cell, use the public function Grade().  Then compare this grade with the parameter g and continue looping if they are not equal.  If the grade is never found then the index will fall to -1 (which is the error return).  If the grade is found then the loop will stop immediately and the array cell index will be returned.

One of the important tasks that you will have to do is to fill a StandardGradeTable object with the data about the Northeastern University grading system.  We will list here the grades, their values, and the policies regarding them that you will need.

	grade
	value
	affectsQPA
	affectsCredit

	A
	4.000
	true
	true

	A–
	3.667
	true
	true

	B+
	3.333
	true
	true

	•

•
	•

•
	•

•
	•

•

	D
	1.000
	true
	true

	D–
	0.667
	true
	true

	F
	0.000
	true
	false

	S
	0.000
	false
	true

	U
	0.000
	false
	false

	W
	0.000
	false
	false

	NE
	0.000
	false
	false


There are a handful of other more esoteric grades that we have decided to omit since they add nothing to this lab exercise.

You should fill a StandardGradeTable T with these grades in the function:

void MakeStandardGradeTable(StandardGradeTable& T)

Notice that T is a reference parameter.  Its definition as an object is elsewhere (MainLoop).  Use successive calls to Append to fill table T in function MakeStandardGradeTable.

Once you have installed the standard university grades in the table T, you can then search the table for a grade g using the Find function.  Typically, this might look like.

int gradeindex;

gradeindex = T.Find(g);

If the grade g is in the table T then gradeindex with be greater than or equal to zero.  If the grade g is not in the table T then gradeindex will be -1.  This observation allows us to write a simple function to test for a valid grade:

int ValidGrade(const StandardGradeTable& T, const string& g)


{ return T.Find(g) >= 0; }

Another use for the gradeindex of a valid grade g is to access the other fields of the table T to determine the policies about the grade g:

T[gradeindex].Value()


// accesses numeric value associated with grade g

T[gradeindex].AffectsQPA()

// determines if grade g affects the QPA

T[gradeindex].AffectsCredit()
// determines if grade g affects the total credit

These expressions depend on the fact that T inherits from Array<StandardGrade> so that the indexing by gradeindex is valid and yields a cell of type StandardGrade.

To see how these expressions might be used, consider that fact that you will use the Value() only if the grade g affects the QPA calculation.  Hence, it is likely that you will need an if statement of the form given below somewhere in your code:

if (gradeindex >= 0 && T[gradeindex].affectsQPA) { ... }

This says that if the gradeindex is non-negative (so the grade is valid) and if that grade is one that is included in the QPA calculation then proceed with the work enclosed in brackets { }.

Storing Information About Student Credits and Grades

The QPA Calculator program collects the credit and grades for a student, then prints this information back to the user before computing the total earned credit and the QPA data.  You must build the classes to accomplish the necessary storage and perform the required calculations.  The classes described in the previous section can provide an approximate model.

You will build two classes CreditGradePair and CreditGradePairTable.  The first will hold the credit and grade for a single course while the second will hold an array of CreditGradePair’s  with the data for several courses.  The beginnings of the definitions of both classes may be found in the file Shell.cpp.  You will have two main tasks to perform in these classes: input-output operations (Reading and Print functions) and computation.

You will build the input functions in layers:

Layer 1: Several global functions to handle input and error checking for student credit and grade data.  These are:

bool ReadingPositiveInt(const string& prompt, int& answer)

bool ValidGrade(const StandardGradeTable& T, const string& g)

bool ReadingGrade(


const string& prompt,


const StandardGradeTable& T,


string& g)

As with the functions in IOTools, the Reading... functions return true if valid data is read and false if no data is provided.  The functions catch errors and ask the user politely to resubmit the data.  The function ReadingPositiveInt is complete in Shell.cpp so you can use it as a model for ReadingGrade.  The function ValidGrade was done in these notes above.

Layer 2: A Reading function in the CreditGradePair class based on the global functions defined in Layer 1.

Layer 3: A Reading function in the CreditGradePairTable class that will use the Reading function defined in Layer 2 within a loop to fill the table.

The functions in Layers 2 and 3 are similar to the Reading functions in the sample program for PersonInfoList’s that was distributed separately.

The Print functions are simple and we will make no comment on them.

The calculation functions must compute the total credit for those courses that get credit and the QPA for those courses that affect the QPA.  In Shell.cpp, we have done one function and left the other for you.

The Remaining Functions in the QPA Calculator Program

The main program is already set up to call MainLoop which orchestrates the user interface loop.  In turn MainLoop calls ProcessGrades which processes a set of grades for one student.  The function ProcessGrades should create a CreditGradePairTable object, use the Reading function to acquire data from the user, Print that data, and then do the numeric computations (total credit and QPA) and print these results as well.  Run the sample solution to see how this goes and then program ProcessGrades.
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