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Abstract. An Internet-based application was developed using client-side technologies. 

The capabilities of modern browsers were used, which in addition to editing capabilities for the 

programming languages JavaScript, HTML, have built-in Storage for Data. Specifically, 

storage capabilities are considered LocalStorage. Using browser storages, a Comprehensive 

System of Testing (CST) has been built. With the help of the CST, the interested person can 

independently deepen knowledge of individual topics of any subject, or pass the exam in the 

form of a test, even in the absence of the Internet. CST allows the subject teacher to 

autonomously create a test on a separate topic, and each time, for example, the examinee 

displays different test questions in a different sequence. The program code was created using 

HTML, JavaScript and JSON. 
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Introduction. The testing phase is widely used to effectively assimilate the curricula of 

higher and secondary schools. With the help of Testing training, an interested person can not 

only master, improve knowledge on the topic, but also pass exams in individual subjects. Today, 
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there are technologies for creating tests and testing students' knowledge with their help, offered 

by leading organizations working in the digital world, such as Google and others. However, the 

products offered often have limited testing capabilities and are often expensive. Testing is 

usually done with server-hosted questions, but an interesting model is when testing is done 

entirely on the client side. An interesting question related to the introduction of questions for 

the test. In existing systems, only as many questions are entered for a given topic as determined 

during testing, which does not allow generating random questions. To expand the number of 

questions, they are added from the very beginning. Therefore, it would be better if a database 

of questions were created from the very beginning, and questions for testing were selected from 

it randomly. When testing, sometimes it is necessary to conduct unified testing on several 

topics, and the proposed systems do not have such an opportunity. Such a need arises when 

preparing for intermediate and final exams or when conducting such exams. During the testing 

training period, the complex testing software system should be able to show the user the correct 

answers along with the assessment if necessary. It is necessary to provide for a restriction on 

the conduct of tests in the form of an exam, which should exclude the possibility of re-passing 

the tests by the same person. CST includes the creation of a database of questions on various 

topics. The user will be able to pass various testing modes: to study a specific topic - in person; 

for examination; testing one or more topics. 

 

I. STRUCTURE OF THE COMPREHENSIVE SYSTEM OF TESTING 

Structure of the Comprehensive System of Testing (CST) must necessarily reflect the 

functional purpose of the CST. Thus, as components of a complex system, subsystems should 

be created that ensure the creation of a single database of test issues and the use of this database 

to create a specific test, provide a specific test to the user, evaluate the test performed, etc. The 

structure diagram of the comprehensive system of testing can be represented as follows: 

 

 

 

 

 

 

 

 
Fig. 1. Structural Scheme of a CST 
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Let's consider uploading/correcting the questionnaire of the CST and the unified 

database of questionnaires as a subsystem called: the Subsystem for Uploading Questions for 

Tests (SUQT). Let's imagine the substructure of thematic test application and formation, its 

connection with the database of questionnaires as a Subsystem for Forming Questions from the 

Thematic Test Database (SFQTTD). Let's imagine the substructure of evaluating the completed 

thematic and cross-thematic test as a Subsystem for Evaluating Test Answers (SETA). Let's 

imagine the substructure of applying and forming a common test from several topics as two 

subsystems: as a Subsystem for Midterm Exams from the General Test Database (SMEGTD) 

and as a Subsystem for Final Exams from the General Test Database (SFEGTD). 

 

II. SUBSYSTEM FOR UPLOADING QUESTIONS FOR TESTS (SUQT) 

The main cornerstone of a complex software system for testing is a single database of 

questions and possible answers necessary for testing. Since the CST should function without 

an Internet connection to the server, the database required for testing should be located on the 

client side, namely in the browser. Such a database can be Local Storage or LocalStorage. We 

will not consider other data storage in the browser - cookies and WebSQL. We will now discuss 

the possibility of using LocalStorage in CST.  

A brief description of LocalStorage. LocalStorage is a non-relational database that is 

built into the browser. It can store data for a long time - permanently, represented as key:value 

pairs. An LocalStorage created in one browser will not appear in another browser. To see where 

LocalStorage is located in the browser, open the developer panel in the browser you are working 

in. Consider the developer panel for the Chrome browser, which is open in the Windows 

operating system - for this, use the keyboard shortcut Ctrl + Shift + I (or F12) to enter the panel, 

which will look like this: 

 
Figure 2. Developer panel, LocalStorage location 
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In the Application tab of the developer panel, LocalStorage is visible, and there is also a 

data storage - Local Storage. Here are also cookies and WebSQL. In LocalStorage and Local 

Storage, data is stored in the form of 'key': 'value', similar to a so-called indexed array. 

Based on the DOM principle, LocalStorage is a window element, this can be checked as 

follows: in the developer panel, we go to the console tab and type the command - 

console.log(window); - that is, we will display the window list log, where you will see 

LocalStorage in the list along with other objects. In LocalStorage, data can be written, deleted, 

and called. We do this using JavaScript. Since LocalStorage is a JavaScript object. It has 

methods that perform the above operations.  

Method setItem. This method adds a new element to LocalStorage, which consists of a 

pair - key:value. For example 

localStorage.setItem("  1","JS-  "); 

Listing 1. Adding a new element to LocalStorage 

<HTML>  

<HEAD>  

<TITLE>CTS-1</title> 

<SCRIPT LANGUAGE="JavaScript">  

localStorage.setItem("  1","JS-  "); 

document.write("      

"); 

</script>  

</head> 

<body bgcolor=yellow>  

</body> 

</html> 

 

After implementing Listing 1, new data will be added to LocalStorage 
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Figure 3. Adding new data to LocalStorage 

 We can automate data entry, if there are, for example, 5 topics with their names to enter, 

we can put it in a loop: 

Listing 2. Entering topic numbers and their names 

<HTML>  

<HEAD>  

<TITLE> Local Storage-     </title> 

<SCRIPT LANGUAGE="JavaScript">  

for (i=1; i<6; i++){ 

document.write("    Local Storage   

  -  "+i+"   "+"<br>"); 

a="  "+ i; 

b=prompt("  "+i+"-   "); 

localStorage.setItem(a,b); 

} 

</script>  

</head> 

<body bgcolor=yellow>  

</body> 

</html> 

In the data store, we need to record the test questions, the possible answers and highlight 

the correct answer. This information will be recorded for a long time and will be stored on the 

client side/browser, even after the computer is turned off from the power source. 
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The operator should enter the test information and write it to localStorage, he can also 

add or change questions, answers, topics if necessary. 

It is logical to encode the test information in JSON format in the SCRIPT section of the 

HTML code. Obviously, a separate JSON should be encoded for each topic. Since the 

information in JSON format needs to be transferred to localStorage, it should be converted to 

string format accordingly - for which we should use the appropriate method - JSON.stringify(). 

In the future, when we need to download the test information from localStorage, which is stored 

in string format, we should convert it to JSON format - for which we should use the appropriate 

method JSON.parse(); 

Writing data in JSON format is a time-consuming task and it is desirable to automate it 

so that anyone interested can use it. The relevant code for uploading the test questions and 

answers for Topic 1 can be found here [1]. As a result of implementing this code, the window 

shown in Figure 4 will appear and Test 1 will be uploaded interactively. 

 
Figure 4. Adding new data to LocalStorage 

For example, in CST we will have 5 topics and the interactive completion code for each 

topic is given in [2-5] respectively. Thus, in principle, a subsystem for uploading questions for 

tests has been created. In particular, in the client-side data storage - localStorage, it is possible 

to enter the name of the topic and the questions corresponding to this topic, the estimated and 

correct answers. The questions, estimated and correct answers are written to the localStorage 

storage in the form of a string type, but its formation is carried out in JSON format. Then the 

questions, estimated and correct answers written in JSON format are converted into a string - a 

string variable and only then are they loaded into localStorage in this form. 

 

III. SUBSYSTEMS FOR GENERATING QUESTIONS FROM THEMATIC TEST 

DATABASE (SFQTTD AND EVALUATING TEST ANSWERS (SETA 

After we have recorded several topics for testing and their corresponding questions, 

probable and correct answers in localStorage, it is necessary to fill out a test/quiz within a 
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specific topic. But before that, we need to select questions for this test. As we remember, our 

goal is to create a specific test from a certain number of questions at random each time of 

testing. Let's set a goal to select several different questions each time from the set of questions, 

probable and correct answers corresponding to a specific topic. For example, we have recorded 

15 questions in Topic1, with their answers, to prepare a test consisting of five questions for the 

interested person to check, and in addition, in each created test these five questions should be 

different, in a different order. 

Let's define the solution to this task as follows: first - download the questions and answers 

of the topic of interest, in our case Topic1, from localStorage; Second - let's create a five-

element random array of integers, where each number is from 0 to 15 (inclusive). Third - with 

the help of this random array, we will extract five questions from the downloaded topic 1 with 

their answers. 

The first issue is solved with one command - get the value corresponding to the key of 

topic 1 and write it in JSON format to some variable, say - gadmowerili. In code, this will be 

the following command:  

var gadmowerili= JSON.parse(localStorage.getItem("Topic 1")); 

In this command, first the value corresponding to the key of topic 1 is retrieved from the 

local storage using localStorage.getItem, then this value is converted to JSON format and given 

the identifier gadmowerili. After that, we can access the gadmowerili JSON object, for example, 

if we want to display the third question of topic 1 on the monitor, then we get the following 

statement:  

document.write( "Third question i=", gadmowerili.JS_Shesavali[2].shekiTxva); 

The codes for randomly selecting questions and evaluating the answers given in the test 

for all five topics are given accordingly [6-10]. Figure 5 illustrates the randomization of 

questions for testing Topic 2 and the scoring of the answers provided. 
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Figure 5. Randomly generating questions for testing topic 2 and evaluating the answers given 

 

IV. SUBSYSTEM FOR FORMING AND EVALUATING MIDTERM (SMEGTD AND 

FINAL EXAM QUESTIONS FROM THE GENERAL TEST DATABASE (SFEGTD) 

Before building a subsystem for forming and evaluating midterm exam questions from 

the general test base, let's consider the principles of selecting questions for the midterm exam. 

As a rule, the midterm exam takes place after the eighth week of study, that is, when, say, 8 

lectures out of 15 lectures have been taught, that is, more than half of the teaching material. 

Taking this principle into account, in our case, since we have chosen the number of topics equal 

to five, then let's assume that the midterm exam in the TKP includes an assessment of the 

mastery of the first three topics in the form of a test. If the number of midterm exam questions 

is 30, then we select ten questions for the assessment of each topic, naturally by a random 

principle. Thus, we can, taking into account the results of Chapters 2 and 3, present the 

principles of building a subsystem for forming and evaluating midterm exam questions. First 

of all, we should randomly select ten questions from each of the first three topics. Therefore, 

for the first topic, we will create a ten-element array of output question numbers - massTem_1[], 

similarly, for the second topic, we will create a ten-element array of output question numbers - 

massTem_2[], and for the third topic, we will create a ten-element array of output question 

numbers - massTem_3[]. As a result, we will get three arrays: massTem_1[], massTem_2[], 
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massTem_3[], which contain 10 non-repeating random numbers from 0 to 14. After that, we 

need to select the corresponding questions from each topic in this array. Thus, for the midterm 

exam, the specific options for questions, probable and correct answers are in six combined 

arrays, and from these, we need to extract the first five in the form of a form. To do this, we 

will use the experience that we accumulated in Chapter 3 - when forming quizzes on individual 

topics. The code for displaying the midterm exam quiz and evaluating the answers is here [11]. 

For the construction of a subsystem for the formation and evaluation of questions for the 

final exam from the general test base, it is essential to clarify the following issue - by what 

principle will the questions for the final exam be selected? Should we select the same number 

of questions from all topics? If, taking into account that the first topics (in our case, the first 

three topics) were already used in the midterm exam, we select a smaller number of questions 

from them, and the share of more questions should be distributed to the remaining topics. Since 

this is a more methodical type of question, we will consider the case when we select an equal 

number of questions from all topics for the final exam - that is, eight questions from five topics. 

To solve this problem, we will use the experience of the subsystem for the formation and 

evaluation of questions for the midterm exam from the general test base and adapt these 

subsystems. In particular, we should use questions from all topics. The code for the subsystem 

for forming and evaluating final exam questions is located here [12]. 

Let's integrate the subsystems into a complex testing system and build a local website. 

The first page of which has the code that can be found here [13]. From the home page of the 

website, we can navigate to the pages that actually represent a specific implementation of a 

certain subsystem of the project. The interface of the home page is given in Fig. 6. 

 
Fig. 6. Complex testing system home page interface 
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Conclusion. Thus, a "complex testing system" (CST) has been built. As a result, a local 

site has been obtained, through which various stages of testing are presented. At the initial stage 

of creating a "complex testing system", the task was presented as a set of several subsystems. 

Client programming languages - HTML, Javascript, CSS were used when creating the 

CST software code. The questions intended for testing, their probable answers, including the 

correct answer, are placed in the local data storage - Local Storage. Testing is carried out with 

a radio-type switch, that is, only one is selected from several probable answers given to the 

question. It is possible to name topics and place their corresponding questions and probable 

answers in the local storage. Their placement is done in two ways: a) the user personally enters 

data in an interactive mode and b) the data is placed in the software code in JSON format and 

then, by pressing one button, this data is uploaded to the local data storage. The number of 

questions stored in the local storage is much larger than the number of questions offered during 

testing. Each time during thematic testing, the questions offered are randomly generated; after 

the user selects the answers and uploads them, the work is automatically and instantly evaluated 

and the result is displayed on the testing website. In addition to thematic testing, it is possible 

to conduct testing for midterm and final exams with the same random questions and automatic 

evaluation. A unified interface has been created, which makes it easy to switch to a specific 

form of testing. 
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