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1. Introduction

Although several decades have passed since computers have become an integral part of the
educational process, information technologies continue to be perceived only as an alternative to a dynamic,
modern education that provides the actors involved (i.e. students and teachers) with the specific tools which
indisputably improve the teaching/learning process.

Today, one of the major consequences of COVID 19 was the rapid shift towards online education,
which demonstrated that computer-assisted teaching activities represent an opportunity of the current
educational society, whose total integration becomes a necessity.

However, distance learning (via online platforms) is not always a guarantee of a qualitative
educational process. In this respect, it is important for teachers to select/choose modern and interactive
solutions through which to achieve a diversification of the ways of transmitting the teaching content. In this
context, information technologies represent an important support, able to contribute to the foundation of
understanding the specific teaching content, which can sometimes prove to be abstract and challenging, even
under normal circumstances of traditional educational systems.

2. Abrief description of C# and WFA

Computer applications for the educational process are computer programs written in a programming
language, developed for use in the foundation of learning scenarios. Thus, this paper presents a component of
such a computer application, developed in the Visual Studio C# programming language (via Windows Forms
Application - WFA) and whose purpose is to provide interactive (visual) support in understanding how to
remove an item from a one-dimensional array. The main purpose is to present step by step, in the form of a
graphic animation, the way in which the projected algorithm leads to the deletion of an element from a one-
dimensional array, describing the source code sequences through which this processing is carried out.

As described in [1], C# is a high-level object-oriented and general-purpose programming language,
created and developed by Microsoft, which consists of a set of definitions in classes that contain methods and
the methods contain the program logic, i.e. the instructions which the computer executes [4]. C# contains
many innovative features and has been characterized as being a component-oriented language because it
contains integral support for the writing of software components (features that directly support constituents
of components, such as properties, methods and events) [6]. All components of the C # language are
associated with the notion of class, but also offer special types such as: interfaces, delegations or generic
classes [2].

*Dunarea de Jos University of Galati, Romania. E-mail address: alupasc@ugal.ro


http://www.eia.feaa.ugal.ro/
https://doi.org/10.35219/eai15840409160
mailto:alupasc@ugal.ro

Windows Forms Application is a .NET framework and a graphical user interface that allows the
development of form-based applications using a graphic designer. It includes a complete set of controls useful
in designing any type of processing desired. Also, WFA allows to create graphic design applications that are
very easy to deploy or update when necessary. Due to these features, the application that simulates the
deletion of an item from a one-dimensional array was developed through this software tool.

3. Some theoretical aspects related to removing an item from a one-dimensional array

Removing an element from a vector can be quite common in practice: we have a list of students in a
group of students and a student is expelled. How do we update the list of students? Thus, the problem of
removing an item from a vector can be described as follows: give a string S (group of students) with N items
(the number of students in that list) and an item X. Thus, the problem involves removing from the string S the
item with the value X (our expelled student, for example).

The method we can use in order to perform deletion, involves (initially) identifying the position in
the vector where the element to be removed is located. Once its position is identified (we assume that it is in
position k), the deletion algorithm involves moving all items with a forward position (the first moved item is
the one in position k+1 which is moved to position k) and then removing the last item of the vector.
Practically, after moving an item, its value will be found in the vector on two positions: position i and position
i+1. Thus, removing the last item of the vector (performed after the last move of items) will remove one of the
two duplicate values from the vector [3].

In this sense, the aim of the paper is to make an animated graphic representation of how an item is
removed by moving it to its previous position. At each step, the moved element (by an animation) is marked
with the Light Blue color; after moving it to the previous position, it is marked with the Lawn Green color, and
at the end, the item from the last position which will be removed by resizing the vector, is marked with the
Orange color.

4. Animated software solution for understanding the removing of items from an array

Figure 1 shows the graphical interface of the software application for removing an item from a
vector. Initially, the vector contains ten elements (10 is the value of a local variable) that were randomly
generated through the Random Class (the application also includes a component through which new
elements can be inserted into the vector). Random generation of vector elements and their storage in the one-
dimensional array is done by calling the static constructor of the static class ArrayClass (figure 2).
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Figure 1. Graphical interface of the software application for removing an item from a vector

| static class ArrayClass|

{

public static int itemsCounter = 18;
public static int[] array = new int[itemsCounter];

Istatic Arrayclass(ﬂ

Random randInts = new Random();
for (int i = @; i < itemsCounter; i++)
array[i] = randInts.Next(1, 99);
}

Figure 2. Source code for random generation of array elements

As shown in Figure 1, the items of the array are displayed on the graphical interface at the top of it.
This is done by using another method of the ArrayClass class (figure 3), which has a formal Label formal
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parameter, because the items of the array are displayed in a Label control. In this way, at each method call,
the items of the array are displayed in the Label control transmitted as a parameter. The local variable
itemCounter permanently stores the current size of the array; if this size is 0, it means that the array has no
elements and the corresponding message will be displayed: " The array has no elements!”.

public static void ViewArray(Label 1lblVector)
{
if (itemsCounter == 0)
1blVector.Text = "V = [ ] - The array has no elements!";
else
{
string text = "V = [";
for (int i = @; i < itemsCounter; i++)
if (i < itemsCounter - 1)
text = text + array[i].ToString() + ", ";
else
text = text + array[i].ToString() + "1";
1blVector.Text = text;
¥
}

Figure 3. ViewArray Method

Moreover, in figure 1 it can be seen that the application generates buttons for each item of the array.
When the user wants to delete an element, all they have to do is press (click) the button that corresponds to
the item in the vector which will be deleted. Creating the buttons corresponding to the items in the array is
done by calling the createButton method which is defined in the same ArrayClass class (figure 4). The method
has three formal parameters: a string parameter that receives (when the method is called) the value of the
item on the new button, and two other integer parameters, which have the role of specifying the position on
the form where the button will be placed. Thus the buttons corresponding to the current items within the
vector will be created (dynamically, during the execution of the application).

public static Button createButton(string buttonText, int leftPosition, int topPosition)
{

Button btn = new Button();

btn.Text = buttonText;

btn.AutoSize = true;

btn.Height = 36;

btn.Font = new System.Drawing.Font("Microsoft Sans Serif", 16F);

btn.Location = new System.Drawing.Point(leftPosition, topPosition);

return btn;

Figure 4 - createButton Method

As | mentioned before, removing an item will be done by pressing the corresponding button related
to the item which will be deleted. Thus, in the example shown in Figure 5, we have/present the scenario in
which the user wants to delete the item with the value 80. To avoid accidentally deleting an item, the deletion
is not done directly, but only after confirmation from the user. Thus, a message is displayed on the screen in
which the user is notified that an item will be deleted and is asked to confirm this processing (pressing the OK
button). If the Cancel button is pressed, then the deletion will no longer be performed. If the OK button is
pressed, then the item deletion process begins (Figure 6).

V =1[87, 45, 48, 77, 13, 80, 60, 54, 86, 73]
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Figure 5. Confirmation request for deleting an item
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Figure 6. The first step in deleting an item

As shown in Figure 6, the simulation of the deletion process is triggered and a copy of the vector is
displayed on the screen; the representation of the deletion of the item will be made in this second vector, in
order to see in parallel, the initial content of the array and its modified content after each processing
performed.

The deletion starts by pressing the OK button and involves moving all the items to the left with one
position. For example, this process involves first moving the item which has the value 60 over the item with
the value 80, the one with the value 54 on the position of the item with the value 60, and so on until moving
the item from the last position (element 73) on the position of the item in front of it (on the position of the
item with the value 86). By moving the item with the value 60 over the item with the value 80, it basically
means losing the contents of the item with the value 80, which is equivalent to deleting it from the array.
Figure 7 Shows how to move the first item (item with value 60 instead of item with value 80).
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Figure 7. Moving the item with value 60 instead of item with value 80 in the array

The same procedure will be followed to move all items to the left with one position. After completing
this process, all moved items will be represented in the second array with the Lawn Green color, and the last
item is represented with the Orange color (it is the item that will be removed from the array) - Figure 8. A
corresponding message will be displayed, informing the user about the position from which the items were
moved (position 5 in our example). The user is also informed that the array will be resized.
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Figure 8. The second step in deleting an item - resizing array

In Figure 9 it can be seen that the item was removed from the second array by moving all the
elements from after the item selected for deletion (the item with the value 80) to the left by one position.
Then, the array is updated and displayed with the new content (Figure 10) and a new processing can be
initiated (we can start deleting another element).
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Figure 9. Array items after deletion
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Fi_gure 10. Graphical interface with the updated array for a new processing

5. Conclusions and final remarks

This paper presents a component of an information system, which was developed to provide
interactive support in understanding how to remove an element from a one-dimensional array. This solution
could be used as an educational tool in the didactic activity, being able to contribute to the proper
understanding of how to process an array (from the perspective of deleting an item from an array). The
purpose of developing such an information system was related to trying to provide interactive support in
understanding how to remove items from a one-dimensional array. Thus, the paper presents in the form of a
graphic animation the way in which an element is removed from a one-dimensional array, being described
including source code sequences through which this processing is performed.
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