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Abstract: Despite the wide acceptance of blended learning in Higher Education 

Institutions (HEIs) worldwide, the issue of monitoring its implementation has been 

little addressed in the literature. The paper presents the results of the first stage of 

the study for the development and implementation of tools for monitoring the degree 

of use of blended learning courses within the learning process in HEIs. The tool 

introduced here extracts data from the database of the e-learning environment and 

visualizes the results of the data analysis in dashboards that provide valuable insights 

to decision-making for improving the quality of blended learning implementation. 

The tool allows governing bodies to track trends in the user registration, 

development, and updating of blended learning courses, the number of learners, and 

the usability of the courses by users for a selected period. Based on the results of tool 

experimental testing, goals for its further development are set.  

Keywords: Blended learning courses, Implementation, Higher education institution, 

Monitoring. 

1. Introduction 

Technological innovations in recent decades faced Higher Education Institutions 

(HEIs) with the need to adapt to the new realities of the knowledge society and 

digitize the services offered to meet the students’ expectations. To ensure a higher 

quality of education and to be more attractive to their students, many researchers and 

HEIs worldwide are looking for ways to provide an innovative educational 

environment [1-2] and various forms of online learning for their students [3-6]. Since 

blended learning entails a combination of traditional face-to-face and online learning 

forms [7-11], it has become an increasingly popular form of online learning [12]. It 

allows HEIs to meet the challenges of customizing learning and development to 

student needs by incorporating the innovative and technological advances offered by 

online learning with the interaction and participation offered in traditional learning 

[13-14], internet, and physical presence in classrooms [5], face-to-face and video-

conference learning complemented with the use of a Learning Management System 

(LMS) [15]. It provides a flexible platform that offers new opportunities for students 
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to interact with learning content, peers, and faculty inside and outside the classroom 

[13, 16-17]. Thus, blended learning is a solution that has the potential to enhance the 

student learning experience and engagement [18-19], improve access to information 

[20-21], and offer a flexible learning solution while meeting the institutional 

requirements of higher education. 

The process of introducing different forms of online learning was catalyzed 

within the COVID-19 pandemic when HEIs were forced to transform their traditional 

ecosystem in a short time to move from face-to-face to online learning to provide 

their students with access to learning [12, 20-24]. 

The results of experimental blended learning conducted in many HEIs show that 

the right combination of online and traditional learning can be more effective and 

efficient when compared to the face-to-face learning model [5, 27-28]. Results from 

surveys for student satisfaction conducted worldwide show that the majority of 

students highly value the blended learning offered and believe that it increases their 

motivation to learn and engage in training and has the potential to lead to better results 

[1, 5, 14, 18, 23, 29-34]. As a significant benefit, many students value the ability to 

easily access learning content anytime, anywhere [1, 23, 35-36]. This flexibility 

allows students to be more autonomous, regulate their studies, and balance their 

studies and personal lives [37]. Blended learning enhances critical thinking and 

problem-solving abilities by increasing student engagement and promoting 

independent learning [18, 23, 36, 38-39]. As another advantage, students point out 

the increased opportunities to communicate with the instructor and believe they 

receive better quality and faster feedback in blended learning courses [5, 34, 36,  

40-41]. Blended learning creates a sense of community among students, where they 

feel free to express their opinions, discuss the covered ideas, and enable collaborative 

activities [12, 14]. Because of all these advantages of being an experimental concept 

in distance education, blended learning has become a worldwide trend, and many 

universities all over the globe have adopted it in addition to traditional face-to-face 

learning [12, 27, 41]. The benefits of blended learning courses encourage HEI leaders 

to boost their investment in infrastructure and teacher training for using blended 

learning courses in their teaching practices [14, 42-43]. 

Despite the wide acceptance of blended learning in HEIs worldwide, the issue 

of monitoring its implementation has been little addressed in the literature. To 

guarantee the effectiveness of the developed blended learning courses, HEI leaders 

should build tools for central and longitudinal data collection (from surveys among 

students and teachers and data from user activity in the LMS) for monitoring and 

evaluation purposes [44-45]. The tools should provide HEI management with 

aggregated reporting information on the implemented blended learning courses, 

which allows tracking the achievement of the set goals and guiding strategic decision-

making in HEIs. T a’ a  et al. [46] use the Business Intelligence and Data Warehouse 

to capture, process, and analyze data on blended learning implementation to monitor 

the total number of learning resources for blended learning courses (assignment, chat, 

feedback, forum, quiz, files, resources) created by teachers. M e r s h a d  and S a i d  

[47] propose a framework to monitor the degree of students’ involvement, the 

percentage of students participating, and the amount of engagement of each student 
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during online lectures. These tools are intended for use primarily by teachers and do 

not give management a complete understanding of the use of blended learning 

courses within HEIs. H a b r u s i e v  et al. [45] use Google Analytics and Moodle 

tools to analyze the use of e-learning based on defined metrics (most active courses 

for a period, courses with the highest number of students, courses with the highest 

number of views, event register, page views, exact request time, average page view 

time, bounce rate, daily activity, website presence time) to plan and implement 

further development and improvement of e-learning. None of the considered 

solutions allows the governing bodies to track the process of implementing blended 

courses in HEIs to a full degree. The overall monitoring of the use of blended learning 

courses in HEI requires tracking both the activities of students and teachers in a 

specific course and general metrics for the LMS use in which the courses are located, 

as well as the provision of the offered study programs with blended learning courses, 

the usage of the created courses in the learning process, the relevance of the 

developed courses, the number of students trained, the competences of teachers for 

creating blended learning courses. Such tools can help HEI leaders identify study 

programs with few developed blended courses and platforms with few users and 

make informed decisions to stimulate teachers to create blended learning courses and 

invest in new software. 

The paper presents the results of the first stage of the study for the development 

and implementation of tools for monitoring the degree of use of blended learning 

courses within the learning process in HEIs. At the same time, the paper demonstrates 

the use of different mathematical methods in software tools and data analysis to 

support quality assurance and decision-making in modern higher education 

institutions. Specifically, a tool is introduced here that extracts and analyzes data from 

the database of the e-learning environment and visualizes it in dashboards that 

provide valuable insights through data analysis to decision-making for improving the 

quality of blended learning implementation. Elementary set theory in combination 

with logic, mathematical expressions, and aggregating functions was applied for data 

extraction and analysis. The tool allows governing bodies to track trends in the user 

registration, development, and updating of blended learning courses, the number of 

learners in courses, and the usability of the courses by students for a selected period. 

2. Materials and methods 

The design and development of a tool for monitoring the degree of use of blended learning 

courses proceeds in three stages (see Fig. 1). Stage 1 is the preparatory stage. It requires 

the identification of stakeholder groups and a thorough analysis of their needs. After getting 

to know the needs of the stakeholder groups, one can proceed to stage 2. Stage 2 is a design 

a model with indicators, which involves forming a set of indicators and ways to measure 

them. Determining how to assess indicator values requires a thorough understanding of the 

data sources from which the information will be drawn (e.g., the LMS in which the courses 

are located). This analysis aims to determine which stored data can form the values of the 

defined set of indicators and how these values can be calculated. Stage 3 is design and 

development of monitoring dashboards include a selection of the technology for 
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implementation, development of dashboards with appropriate elements to allow tracking of 

the set of indicators formed in Stage 2, development of a module that visualizes the developed 

dashboards and can generate documents on them and, if necessary, integration of the 

developed module with existing software solutions. 

 
Fig. 1. Stages 

The following subsections describe the process of developing a monitoring tool 

for the needs of a typical Bulgarian university. 

2.1. Stage 1. Preparatory stage 

During that stage, the stakeholders in a typical Bulgarian university and their needs 

were identified. 

University governing bodies are directly interested in introducing blended 

learning courses. These bodies can make decisions to promote this process and 

encourage teachers to develop, update, and use blended learning approaches in their 

practice at both the faculty and university levels. The Faculty management (Group 

1), i.e., middle management, has an interest in tracking what part of the courses 

included in the curricula of the study programs offered in the faculty there are blended 

learning courses developed, whether teachers update these courses, and what extent 

the trainees enrolled in these courses are active and taking advantage of the learning 

resources offered in addition to formal training, as well as tracking the extent to which 

faculty staff is engaging in the training to enhance their competencies to use different 

forms of e-Learning in their practice. Due to the many proven benefits of blended 

learning, the University management (Group 2), i.e., top management, is interested 

in tracking the process of introducing blended learning courses in addition to formal 

learning at the university and encouraging individual faculty managers to encourage 

teachers in the faculty to use such learning approaches to increase student satisfaction 

with the education and attract more prospective students. 

Another stakeholder group is the e-Course quality assurance and assessment 

units (Group 3). They need to track the number of courses in the LMS and the number 

of registered and active students. Based on the analyzed and aggregated data, they 

can make decisions about offering support to teachers who do not regularly update 

their courses (e.g., organizing training sessions and round tables to exchange 

expertise and ideas), releasing resources (e.g., archiving courses that are not being 

taught and deleting them from the LMS, deleting profiles of inactive users, etc.), and 

to generate reports on the use of the LMS to be attached to unit activity reports and 

self-evaluation reports on the LMS and learning courses. 
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2.2. Stage 2. Designing a model with indicators 

During that stage, based on the analyzed needs of the three stakeholder groups 

(Faculty management, University management, e-Course quality assurance, and 

evaluation unit), a model with a set of measurable numerical indicators was proposed, 

the values of which will be calculated using extracted data from the LMS. The 

indicators from the proposed model allow for tracking the registrations in the system, 

the developed courses, and the training of the registered users (students, PhD 

students, and teachers). Table 1 presents the developed model with measurable 

indicators. The set of indicators is the same for the three stakeholder groups. There 

are differences in the way the indicator values are formed. When calculating the 

indicator values for the needs of stakeholders from Group 2 and Group 3, the data for 

all registered users and courses are analyzed, while when calculating the indicator 

values for the needs of stakeholders from Group 1, only the data for registered users 

from the faculty led by the manager and courses developed by faculty staff members 

of this faculty are analyzed. 

Calculating the values of the proposed set of indicators requires familiarity with 

the capabilities of the LMS in which the courses are deployed, and a detailed analysis 

of its database and the tables that store information about registered users, the courses 

developed, the resources and activities added to the courses, the users enrolled in 

learning courses, users activities on the course level. This analysis aims to determine 

what data the LMS database stores and how it can be used to form numerical indicator 

values.  

Calculating the values of some of the indicators from the model requires 

aggregating data on registered users and courses at different levels. Some LMSs (e.g., 

Moodle) do not support the whole information needed to identify users, e.g., faculty. 

This fact makes it necessary for these LMSs to look for solutions to store additional 

information about registered users that facilitates their identification and allows the 

calculation of indicator values from the model. For this purpose, an analysis of the 

LMS should be made to add additional user fields for different groups of registered 

users, in which the data required for monitoring and calculating indicator values 

should be stored as follows: 

 Students – faculty, study program, degree, professional field, status; 

 PhD students – faculty, teaching unit (department), doctoral program, 

professional field, status; 

 Teacher – faculty, department, status. 

At first glance, this solution poses risks as the LMS may allow editing of the 

data entered. A solution should be sought to disallow users from editing the values in 

these fields and enable only the system administrator to edit them to overcome this 

drawback. Extracting such data from student information systems during registration 

eliminates the possibility of incorrect data entry. At the same time, this guarantees 

the reliability of the stored additional user data for analysis and monitoring 

procedures. In addition, some LMSs may not store information about the unit 

responsible for developing and updating courses, organization, and learning delivery. 

Since such information is needed to form values of some indicator of the proposed 
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model, a solution to the problem of where to store this information should be sought 

for these LMSs. 

Table 1. Model with measurable indicators 

 

Criteria Indicators 
1. Registered  
    users 

1.1.   Number of registered users 
1.2.   Number of registered students 
1.3.   Number of registered PhD students 
1.4.   Number of registered teachers 
1.5.   Number of registered users for the period 
1.6.   Number of registered students for the period 
1.7.   Number of registered PhD students for the period 
1.8.   Number of registered teachers for the period 
1.9.   Number of registered students by the study program 
1.10. Number of registered students by study program (per period) 
1.11. Number of active students by study program (per period) 
1.12. Number of registered students by year 
1.13. Number of active students by year 
1.14. Number of registered PhD students per PhD program 
1.15. Number of registered PhD students (per period) 
1.16. Number of active PhD students (per period) 
1.17. Number of registered PhD students by year 
1.18. Number of active PhD students by year 
1.19. Number of registered teachers by faculties 
1.20. Number of registered teachers per faculty (per period) 
1.21. Number of active teachers per faculty (per period) 
1.22. Number of registered teachers by year 
1.23. Number of active teachers by year 

2. Training  
    courses  
    developed 

2.1.   Number of courses developed 
2.2.   Number of courses for students 
2.3.   Number of courses for PhD students 
2.4.   Number of courses for teachers 
2.5.   Number of courses developed during the period 
2.6.   Number of courses for students developed during the period 
2.7.   Number of courses for PhD students developed during the period 
2.8.   Number of courses for teachers developed during the period 
2.9.   Number of courses updated during the period 
2.10. Number of courses for students updated during the period 
2.11. Number of courses for PhD students updated during the period 
2.12. Number of courses for teachers updated during the period 
2.13. Number of courses for students (by study program) 
2.14. Number of courses for students developed during the period (by study program) 
2.15. Number of courses for students updated during the period (by study program) 
2.16. Number of courses for students (by year and faculty) 
2.17. Number of updated courses for students (by year and faculty) 
2.18. Number of courses for PhD students (by unit) 
2.19. Number of courses for PhD students developed during the period (by unit) 
2.20. Number of courses for PhD students updated during the period (by unit) 
2.21. Number of courses for PhD students (by year and unit) 
2.22. Number of updated courses for PhD students (by year and unit) 
2.23. Number of courses for teachers (by unit) 
2.24. Number of courses for teachers developed during the period (by unit) 
2.25. Number of courses for teachers updated during the period (by unit) 
2.26. Number of courses for teachers (by year and unit) 
2.27. Number of updated courses for teachers (by year and unit) 

3. Trained  
    users 

3.1.   Number of trained users 
3.2.   Number of students trained 
3.3.   Number of PhD students trained 
3.4.   Number of trained teachers 
3.5.   Number of trained users during the period 
3.6.   Number of students trained during the period 
3.7.   Number of PhD students trained during the period 
3.8.   Number of teachers trained during the period 
3.9.   Number of trained students by the study program 
3.10. Number of trained students by study program (during the period) 
3.11. Number of trained students (by year) 
3.12. Number of PhD students trained (by PhD program) 
3.13. Number of trained PhD students (during the period) 
3.14. Number of trained PhD students (by year) 
3.15. Number of trained teachers per faculty 
3.16. Number of trained teachers per faculty (during the period) 
3.17. Number of trained teachers (by year) 
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The values thus entered for the additional fields created for each group of users 

(students, PhD students, and teachers) allow the values of the quantitative indicators 

in Criteria 1. Registered users to be formed (23 in total). For example, the value for 

Indicator 1.2. Number of registered students is calculated by finding the number of 

users for whom values are entered for the additional user fields specific to registered 

students. More similarly, the values for the indicators that measure the number of 

active users (Indicators 1.5-1.8) are formed by calculating only the number of 

students/doctoral students/teachers whose registrations in the system were made 

during the time interval under study. To find the number of active users in each group 

(Indicators 1.11, 1.13, 1.16, 1.18, 1.21, 1.23), we must decide when a student/PhD 

student/teacher will be counted as active in the learning system. Solving this problem 

requires analysis of the data stored in the LMS database. In this case, there are two 

possible approaches to solving this problem. The first approach is to count as an 

active student/PhD student/teacher for whom the date of last access to the system in 

the table storing data on registered users is within the time interval under 

consideration. The disadvantage of this approach is that any user who logs into the 

system without accessing a specific resource will be counted as an active user. The 

second approach to determining whether or not a user is active is to consider the user 

activities in the courses in which the user is enrolled. These activities are specific to 

different user groups. For example, a student and PhD student is active when s/he 

performs activities such as reviewing a course, viewing learning resources (folders, 

files, pages, web resources, etc.), completing assignments, participating in 

synchronous and asynchronous communication activities, etc. Because the main 

activity of the teacher is related to the development of training courses and not a 

participation in organized training, the reporting of teacher activity also examines 

whether the teacher has developed courses during the period, added or edited 

modules, resources, and activities in the course, participated in communication 

activities with students, provided feedback on the completion of assignments to 

students, etc. The advantage of the second approach is that it allows reporting on the 

actual use of the system from the user and only on the activities performed within the 

training courses. Therefore, it is preferable to apply the second approach when 

calculating the values of indicators for active users.  

The formation of the values of some indicators in Criteria 2. Training courses 

developed requires calculating the number of training courses developed (2.2-2.4, 

2.6-2.8, 2.13-2.14, 2.16, 2.18-1.19, 2.21, 2.23-2.24, 2.26) and updated (2.10-2.12, 

2.15, 2.17, 2.20, 2.22, 2.25, 2.27) courses for each user group (student, PhD student 

and teachers), as well as the total number of developed and updated courses (2.1, 2.5., 

2.9). Determining the course type in LMSs that do not store detailed user information 

is again possible due to the additional data stored on registered users. Thus, courses 

in which students are enrolled as learners will be counted as student courses, and 

those in which PhD students and teachers are learners as PhD student/teacher courses. 

An approach to define an active course must be selected to calculate the quantitative 

indicator values for active courses. The LMS databases usually store the last 

modification date of each developed course, based on which it can be determined 

whether the course has been updated in a given time interval or not. A disadvantage 
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of adopting this approach is that all courses with edits to the underlying course 

metadata (e.g., start date, course name, etc.) will be reported as updated. Another 

possible approach is to examine whether new learning resources or activities are 

added or updated in the course in the given time interval. This approach requires a 

very detailed examination of the LMS database and familiarity with the structure of 

all the tables that store information about resources and activities added to courses. 

Despite the implementation difficulties, Approach 2 is preferable as it considers the 

actual updates in the course. Stored data for courses and users can be used to form 

the values of indicators 2.13-2.27, requiring the number of courses 

developed/updated/created during the period for students/PhD students/teachers at 

different levels (study program, faculty, unit responsible for developing, organizing 

and delivering training).  

The indicators in Criterion 3. Trained users provide insight into the use of 

available courses in training students, PhD students, and teachers. Calculating the 

values of indicators representing the role of trained users from each group (students, 

PhD students, teachers), including at different levels (faculty, study program, degree, 

PhD program), is possible thanks to the data stored for each registered user. 

Determining how to form the values of the indicators from the model allows 

proceeding to the next stage of development, namely the design and development of 

control panels. 

2.3. Stage 3. Design and development of monitoring dashboards 

Based on a survey of software solutions available in the market for extracting, 

analyzing, and visualizing data from different sources, software solutions for 

developing dashboards for monitoring the implementation of blended learning 

courses were selected.  

The community versions of two TIBCO Software tools (JasperReport Server 

and JasperSoft Studio) were chosen for the software implementation of the 

dashboards. The JasperSoft Studio tool offers rich capabilities for designing 

dashboards with multiple elements to be populated with data extracted from various 

data sources (relational databases, big data sources, unstructured data, etc.). 

JasperReport Server allows organizing a repository for storing the dashboard designs 

developed with JasperSoft Studio, generating documents based on the designed 

dashboards, exporting the generated documents in the user’s preferred format, and 

can be integrated easily with external applications, including via shared web services. 

In the second step of this phase, eight dashboards (four for Group 1 stakeholders  

and four for Group 2 and Group 3 stakeholders) were designed and developed using 

JasperSoft Studio to visualize aggregated and detailed information about registered 

users, developed courses, and conducted user training. The dashboards contain a 

variety of elements (labels, text fields, tables, charts) to visualize indicator values 

from the indicator model presented in Section 2.2, the values of which are generated 

based on queries to extract data from the selected data source (Moodle database) and 

subsequent processing of the results obtained. In determining the type of elements to 

be placed in the dashboards, the number of rows in the resulting dataset is the 

determining factor. Therefore, for the values of indicators that imply obtaining a 
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result dataset with more than one row (1.9-1.23, 2.13-2.27, 3.9-3.17), tables and(or) 

charts are selected as visualization elements, for those indicators for which the result 

of query execution contains a single value, text fields are selected. In the versions 

developed to meet the needs of different stakeholder groups, a mechanism has been 

provided to determine how indicator values are calculated according to the user role. 

The versions differ from each other in the number of parameters based on which the 

resulting dataset is formed – the dashboards for Group 2 and Group 3 stakeholders 

have two parameters that set the start and end date of the time interval under study, 

those for Group 1 stakeholders have one additional parameter that sets the name of 

the faculty being managed. This parameter allows the dashboard to display only 

summary data about the students and PhD students trained in the selected faculty and 

the faculty members who work in the faculty. Fig. 4 shows the dashboard developed 

to present detailed information about trained users for the needs of  

Group 2 and Group 3 stakeholders (to add a screenshot of the trained users template). 

All developed dashboards are stored in the JasperReports Server. 

In the last step of this stage, a module was developed in the PHP programming 

language to allow registered users to visualize dashboards and generate documents 

based on them by interacting only with the developed module without the need to 

know the LMS database structure and to be able to work with the JasperReport Server 

and JasperSoft Studio tools. The last is possible thanks to the integration of the 

module with JasperReport Server, made possible by using the JasperReports Server 

PHP Client (https://community.jaspersoft.com/wiki/php-client-sample-code), 

which allows the integration of a client application with the JasperReports Server 

REST API. When the user is identified in the developed module, it starts a 

JasperReport Server REST service, which retrieves from JasperReports Server and 

returns a list of all the dashboards with their corresponding parameters accessible to 

the stakeholder group to which the user belongs. The module allows the user to select 

which of the developed dashboards to display and selects parameter values for the 

start and end date of the period, based on which the indicator values will be calculated 

and the dashboard items populated. The module populates the value of the additional 

parameter for Group 1 users without user intervention, thus eliminating the possibility 

of generating a dashboard displaying data for registered users and courses from 

another faculty. The data filled in by the user is validated, after which the module 

creates a client instance with the specified parameter values, format (HTML, PDF, 

DOC, etc.), and dashboard address (Fig. 2). The module starts a REST service on the 

JasperServer to populate the dashboard according to the submitted parameter values. 

The web service interface responds to the HTTP request from the module, the 

JasperReport Server contacts the data source, retrieves the data needed to populate 

the items in the dashboard, populates the items in the dashboard with actual data 

(obtained from the database or by computation), and returns a populated dashboard 

as a response to the request made by the module. The module visualizes the 

dashboard, and if the user wishes (if another format is selected), the module starts a 

REST service to generate a document with the completed dashboard in PDF or XLS 

format. 
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Fig. 2. Fragment of code for parameter submission and selected report download format 

The developed module can be integrated easily into software tools written in 

PHP. For this purpose, the tool in which it will be integrated must support the 

specified user roles (Group 1, Group 2, Group 3). 

The module can be implemented in any HEI. For this purpose, the following 

steps need to be fulfilled: 

 Step 1. The queries in the designed dashboards are to be modified to retrieve 

data from the used LMS. 

 Step 2. Deploy the designed dashboards in the repository of the installed 

JasperReport Server. 

 Step 3. To update the connection address of the developed module with 

JasperReport Server. 

 Step 4. To be set from where the faculty parameter value will be passed. 

3. Results and discussion 

The developed module has been tested in Plovdiv University “Paisii Hilendarski”. 

The module has been integrated successfully into the University's electronic portal 

(PU e-portal), which offers administrative services to students, teachers, and 

administrative staff. The portal allows students to check grades and up-to-date 

information on health insurance status, pay semester fees, and apply for scholarships 

and dormitories. Teachers can complete individual plans and material books, generate 

exam reports and student lists, etc., and administrative staff can access a module for 

student administration and the learning process. Each user can access the 

functionalities of the university e-portal according to their role (student, teacher, and 

administrative staff) and position (rector, dean, department director, head of 

department, etc.). Users’ rights to use certain portal functionalities are set by an 

administrator and recorded in the portal database. Upon successful login to the portal, 

data about the allowed functionalities are stored for the user according to its rights, 

which allows appropriate access within the session (Fig. 3). 

The integrated module will allow the University Management, Faculty 

Management, and Quality Assurance staff to track the values of the model indicators 

for a selected time interval in visualized dashboards and export the visualized 

dashboards in PDF and XLS format. Only users who hold the relevant positions have 

access to this functionality. 
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Fig. 3. Checking user rights to access a page 

 

The developed dashboards were modified (Fig. 4) to retrieve data from the 

database of one of the LMSs used at the university, Moodle, located at  

http://e-learning.uni-plovdiv.bg (Step 1). This LMS hosts e-Learning courses for 

students and PhD students (such as compulsory curriculum courses and additional 

courses offered by the Centre for Young Scientists and PhD students), developed to 

support traditional face-to-face learning and courses to enhance faculty competencies 

in organizing and delivering e-Learning. Additional fields have been added in the 

LMS to store detailed information about students, PhD students, and teachers needed 

for calculating indicator values. 

 
Fig. 4. Dashboard design 

Dashboard elements are populated with data extracted from the relational 

database of the e-Learning environment. Each table in the database can be viewed as 

a set, and the entire database as a collection of sets. Retrieving data to populate the 

tableau elements requires performing operations on these sets, such as joins, unions, 

and intersections, derived from set theory. So, for example, the user table is a set that 

stores data about registered users, denoted with U, the user_info_field table is a set 

storing data about additional user profile fields, denoted with UF, and the table 

user_info_data is a set with the stored field values, denoted with UD. 
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Fig. 5. Venn ddiagram 

By applying the relational algebra of set theory, especially the JOIN operation 

that combines rows from the three tables based on related columns between them, we 

retrieved the data for the registered users (students, teachers, PhD students). For 

example, to retrieve the number of registered students, we look for intersections of 

the U, UD, and UF sets, containing all registered users with entered values for the 

additional field for the study program. This intersection forms the set of Students S. 

Similarly, the sets of Teachers (T) and PhD students (D) are obtained. The total 

number of users is calculated via an expression that counts the number of elements 

in the union of the three sets – |S|∩|T|∩|D|. When constructing part of the requests, 

predicate logic was also used, including expressions that are evaluated as true/false 

and filter the arrays of data according to given criteria, and new predicates were built 

by combining existing predicates using logical connections known as conjunctions 

(logical AND), disjunction (logical OR), negation (logical NOT). Calculating the 

values of part of the elements requires performing calculations and manipulating data 

through expressions that combine various SQL operators, functions, and values. 

Aggregate functions to evaluate and group values to generate a summary, such as 

sum or sum of values in a given column, are used in all requests. Fig. 6 presents an 

example of a query using set unions, predicate logic, and aggregation functions that 

retrieves the total number of trained students by study program and the number of 

trained students for the period. 
 

 
Fig. 6. SQL query for trained students 

The dashboards are located in the JasperReport Server installed for the 

university’s needs (Step 2), and the address of the JasperReport Server with which 

the module will be integrated has been updated in the module (Step 3). In the last step 

of the integration, the module code was modified to allow the value of the faculty 

parameter to be retrieved from the е-portal database (the value of the field that stores 

SELECT uid1.data, uid2.data, uid3.data, course.fullname, COUNT(us.id) as totalstudents,  

COUNT(CASE WHEN s.timemodified>1276193702 AND s.timemodified<1686420902 THEN 1 

END) as periodstudents  

FROM course  

JOIN context ON context.instanceid = course.id AND contextlevel=50  

LEFT JOIN role_assignments as s ON s.contextid = context.id AND s.roleid=5  

JOIN user as us ON us.id=s.userid  

JOIN user_info_data as uid1 ON uid1.userid=us.id AND uid1.fieldid=9  

JOIN user_info_data as uid2 ON uid2.userid=us.id AND uid2.fieldid=11  

JOIN user_info_data as uid3 ON uid3.userid=us.id AND uid3.fieldid=10  

WHERE course.category NOT IN (69, 70, 72, 73, 74, 75) and uid1.data!= ""  

GROUP BY uid1.data, uid2.data, uid3.data 
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the faculty in which the logged-in dean works). Fig. 7 presents the architecture of the 

developed module. 

 
Fig. 7. Integration of the module into a university information portal 

 

The unit responsible for the assessment and quality assurance of e-Courses has 

tested the developed module. During the experiment, members of the unit visualized 

dashboards for different time intervals, generated documents based on the visualized 

dashboards, and assessed the effectiveness of the proposed solution for gaining high-

level insights into the use of the LMS. 

Fig. 8 presents a generated dashboard view summarizing registered users, 

developed and updated training courses, and trained users for the period 1.1.2019-

1.1.2024. The summary data shows that of the total 11045 students registered, 4146 

(37-54%) were registered during the selected period. The number of teachers 

registered during the period is 14 (12.84%). It should be noted that most PhD students 

(94.29%) were registered in the last five years. This fact is mainly because, during 

this period, courses for the needs of the University Centre for Work with Young 

Scientists and PhD Students and training of PhD students at the Faculty of Physics 

and Technology were developed. At the time of report generation, 466 e-Courses 

have been developed in the LMS, of which 57 (12.23%) have been developed and 

161 (34.55%) have been updated in the last five years. Using the LMS, 21202 

students, 28 PhD students, and 397 teachers have been trained, with a large majority 

of students and PhD students trained in the last five years – 8900 students (41.98%) 

and 25 (89.29%). These data show that the teachers are interested in using blended 

learning courses and regularly update the developed courses. 

 
Fig. 8. Summary report for the LMS usage 
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Fig. 9 presents excerpts from a generated dashboard of registered users for the 

period, which presents summary data for registered teachers. The data shows that a 

large part of teachers registered between 2012 and 2014 ran pilot courses that they 

did not continue to use in their teaching practice. The highest percentage of active 

teachers was in the Faculty of Physics and Technology (64.29%) and the lowest in 

the Faculty of Education (11.11%). These results indicate the need to take measures 

to increase the interest of faculty staff members in the e-learning environment. Such 

measures can be organizing seminars and information meetings to introduce the new 

features of the LMS. 
 

 

 

Fig. 9. Extract from a generated report with detailed information about registered users 
 

Fig. 10 presents excerpts from a generated dashboard view of courses developed 

and updated during the period 1.1.2019-1.1.2024 by teachers in the Faculty of 

Economic and Social Sciences and the Faculty of Mathematics and Informatics. 

Summary data shows that although in some study programs, such as Mathematics, 

Informatics and Information Technology, and Applied Mathematics, a large part of 

courses were updated during the period (75.00%), in other study programs – no 

courses were updated. This fact indicates a need for more detailed research to show 

whether the reasons for this are a lack of need to change the course due to its current 

relevance or additional training to familiarise teachers with the possibilities of 

organizing learning in Moodle. 

 

  
Fig. 10. Excerpt from a generated report with detailed information on developed and updated courses 
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Fig. 11 shows excerpts from a generated dashboard view of trained students, 

PhD students, and teachers in the 1.1.2019-1.1.2024 period. For each course, the 

dashboard presents detailed data on which faculty, study program, and degree is 

intended, and data on the total number of students trained and students trained during 

the period. The data shows that there has been an increased interest in the LMS in 

2020 due to the move to online learning. The number of trained students decreased 

in 2021 after the return to face-to-face training. This result indicates a need to take 

measures to increase the interest of teachers in using blended learning courses in 

addition to traditional learning forms. 
 

  
Fig. 11. Excerpt from a generated report with detailed information about trained users 

5. Conclusion 

The experiments proved that the developed module assists governing bodies in taking 

measures to increase teachers’ interest in introducing blended learning and using the 

learning environment, which would be based not only on their management 

experience but also on the currently calculated values of key performance indicators. 

The module presented in this paper is part of a suite of tools being developed to 

guide governing bodies in making informed decisions to enhance student success, 

career development, and research activity of academic staff, ensuring higher quality 

of teaching and service provision.  

The current version of the module does not allow comprehensive tracking of the 

extent of usage of all LMSs in HEIs for the needs of all stakeholder groups. Its 

functionality could be extended to calculate the indicator values based on data 

extracted from all LMSs used in HEIs. To achieve this goal, the ways of forming the 

values of indicators from the model should be defined and appropriate dashboards 

developed. In the next step of the research, the tool functionality will be extended to 

meet the needs of other stakeholder groups (e.g., educators and LMS administrators). 

A possible extension in this direction is to provide teachers with the ability to track 

in detail student activity in the blended learning courses they use (number of visits to 

each resource, number of activity completions, number of participation in 

communication activities, etc.). Another extension will allow administrators to 
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monitor system utilization (e.g., exact request time, bounce rate, daily activity, 

website presence time) and provide management with informed suggestions for new 

investments. These extensions will require analyzing the needs of new user groups, 

expanding the set of indicators, and designing and developing dashboards to track 

indicator values. Another possible extension is to integrate the developed module 

with the tool for monitoring student satisfaction in blended learning courses, created 

as part of a package of tools for quality assurance of education in HEIs [48]. 

The developed module can also be implemented in any HEI. For this purpose, 

HEI must edit the developed dashboard projects to extract data from the e-Learning 

environment used in the respective HEI. 
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