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Abstract: Active learning is an alternative to traditional learning, using 
the capabilities of the global network to access remote information 
resources. The purpose of the article is to analyse the sources and factors 
of delay in the implementation of network services and the possibilities of 
access to distributed information objects depending on their size and 
remoteness. The research was conducted by collecting empirical data 
(monitoring) on the transfer of resources between client and server. A 
research organization model was developed and an implementation 
application was created. Experiments were carried out, and the obtained 
results were summarized and presented through statistical evaluations and 
graphical interpretation. 
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1. INTRODUCTION 

Active learning is related to interaction between the participants in the learning 
process (student, teacher, expert), in which the learner himself controls the learning 
process. It is an alternative to traditional learning that increases the engagement of 
participants in the educational processes and improves the assimilation of 
knowledge through access to information resources [1, 2]. A statistical study 
presented in [1] confirms the effectiveness of active learning through a higher level 
of knowledge acquisition with reduced dispersion of statistical estimates. The 
perception of active learning is defined in [2] as a better alternative based on 
defined four areas of research: (1) Evidence from cognitive science on the 
effectiveness of active learning; (2) Better scores on assessments of teamwork, 
problem solving, and leadership skills; (3) Creating an inclusive learning 
environment; (4) Higher achievements of students established by research. In [3] it 
is stated that various strategies for active learning are described in the literature and 
an updated approach based on an interactive style of presentations, group online 
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discussions with feedback, individual experiments and projects for the analysis of 
information resources, etc. is proposed. In addition, in [4], along with the 
significant increase in the use of digital services and access to distributed 
information resources by learners, including people with visual impairments, 
existing obstacles for the latter group of learning participants are analysed. It is 
proposed to change the policy of educational institutions towards these people and 
improve library services in accessing information resources. A number of 
publications suggest different approaches to collaborative and active activity in 
organizing a learning environment, with [5] stating that this promotes problem 
solving through active information processing and aids critical thinking. 

The summary is that the adopted approach in active and distributed learning 
requires continuous access to information sources, multimedia online e-books, 
distributed databases, knowledge bases and libraries, consultations with experts, 
etc. This requires an adequate approach of university management in organization 
of education, as a possible solution to increase the monitoring of education quality 
management using the tools for intelligent analysis of data in information systems 
is proposed in [6]. The article presents Learning Analytics (LA) models and a 
corresponding software tool designed for the needs of governing bodies, which will 
allow effective monitoring of the learning process and making timely decisions 
about the required information resources. 

Regardless of the applied solutions, it should be borne in mind that e-learning 
(in the various variants active-, distributed-, mobile-, micro-, etc.) is intended for 
independent and individual study of the offered material, which is usually 
published in the web space. Very often in the contemporary digital world this leads 
to the optimization and integration of educational information resources, as 
discussed in [7]. An integrated model for teaching and designing learning 
resources, including in the cloud, is proposed, and a hierarchical mechanism for 
sharing educational resources with defining rights and regulating access in each 
organizational unit is proposed. A technological solution for reliable management 
of access to information resources in a combined learning environment (combining 
traditional, network and cloud resources) is discussed in [8]. All possible 
challenges of the digital ages for the user's personal data and privacy must be 
analysed when implementing systems using heterogeneous resources distributed in 
the network space and providing multiple user’s access to them [9]. 

The purpose of the article is to present an investigation of access to remote 
information resources needed for active distributed learning. An approach was 
applied to collect empirical data on the transfer of resources between a client and a 
server located in different nodes of the global network. For this purpose, a model 
for the organization of the research was developed and an application was created 
for the realization of which the products HTML, PHP, Java Script, and My SQL 
were used. The goal is to analyse the sources and factors of delay in the 
implementation of network services and the possibilities of access to the distributed 
information objects depending on the size and their remoteness. Experiments were 
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carried out, and the obtained results were summarized and presented through 
statistical evaluations and graphical interpretation. 

2. INITIAL STATEMENT OF THE PROBLEM 

Digital society offers various technologies to solve real world problems such 
as Internet of Things (IoT), Cloud Computing, Industry 4.0, Wireless Sensor 
Networks (WSN), Cyber Physical Systems (CPS). The contemporary digital age, 
as stated in [10], focuses on the automated conversion of data into applied 
knowledge, and the article offers an overview of the main theoretical framework in 
this direction, related to the theory of innovation. The information service of digital 
technologies requires the development of a unique system design, and for this 
purpose an automated system with increased productivity, better functional 
parameters and service time is proposed in [11]. Facilitated user access to 
information resources with ensured authentication and security in handling the data 
is indicated as an advantage. The main task of information service systems is traffic 
optimization, especially when it is heterogeneous, as in [12] a toolkit for choosing 
structural variants and parameters of a distributed environment with multiple 
access to resources is proposed. On the basis of the research carried out, all types 
of customers have been united in united subsystems of integral traffic, allowing as 
a final effect the formation of a common information flow. 

In active (distributed) learning, the main task is providing remote access to 
information resources and creating information flows [13]. Usually, the traffic is 
formed by statically or dynamically generated objects in the web space, containing 
text, graphics, multimedia, which defines it as heterogeneous. On the other hand, 
the most commonly used access technology is "client-server" [14]. It has time-
recognized advantages, but along with that, the classic "client-server" model also 
has disadvantages:  file servers are very busy;  protocols for data exchange on 
the network are very "talkative", which causes its congestion;  in the presence of 
a larger number of clients, the speed of exchange with the server drops 
significantly. 

The main purpose of the classical scheme is within a local network and is 
practically inapplicable to heterogeneous networks due to multi-level 
incompatibility. In addition, the management of the traffic flows could be difficult. 
Investigation of the traffic in an IP-based corporate network by tracking the packets 
exchanged in the network by using monitoring tools and mathematical distributions 
is presented in [15]. 

The preliminary goal is to conduct an investigation to clarify the possibilities 
of information service in maintaining the processes of e-learning in different 
network situations. One of the widely used approaches is based on computer 
processes modelling, which can be done in a deterministic [16] or stochastic [17, 
18] direction. In the case presented here, another also widely used approach, based 
on the program monitoring and processing of experimental data was chosen. To 
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organize the experiments, a software tool was created to monitor and collect 
information about the time parameters of access to resources, their delivery and 
visualization on the browser page. In order to check the functional capabilities, it is 
planned to carry out experiments on real information objects in the web space with 
additional analysis of the obtained results. 

3. ORGANIZATION OF THE STUDY 

The universal client-server model has advantages over the classic scheme, the 
main one being the ability of a client, regardless of its platform, to contact 
competitively with an arbitrary configuration of a database server by means of Web 
technology or an HTTP server. The structure of this model includes two parts 
(Figure 1), with the first covering the components between the client and the Web-
server, and the second part referring to everything that lies behind the Web-server. 
The operation of an application in such an environment can be described by the 
operations: (1) establishing a client-server connection to access a page; (2) entering 
the necessary data in a Web browser; (3) control of the entered data through a 
script language; (4) sending the request to the server; (5) server query processing 
and SQL query generation; (6) executing the SQL query from the data server; (7) 
generation by the web-server of an HTML page with the received data with the 
possibility of interpretation by the client; (8) sending the result to the client and 
viewing it from a browser. 
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Figure 1. Universal “client-server” scheme 

In the organization of the active distributed learning based on the presented 
technological model, the time parameters of the information service are important. 
For their research, a network software application was developed for registering 
and analysing information processes, using the concept of "client-server" 
communications in a distributed (network) environment according to the model of 
Figure 2. Two basic components of the information servicing are determined – 
client (front-end part) and server (back-end part), and the model predicts the 
following phases: (1) generation of user request (resolve time); (2) making the 
connection (connection time); (3) interval before start of transmission (start time); 
(4) transmission of data from the server (server time); (5) delivery of the 
information to the client (load time); (6) information service process for one web 
page (total time). 
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The products HTML, PHP, Java Script and My SQL were used in the 
implementation, and the goal was to provide a maximally simplified and easy-to-
use user interface. The purpose is to analyse the information sources and factors of 
delay in the implementation of network services and the possibilities of access to 
the distributed information objects depending on the size and their remoteness.  
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Figure 2. Research organization model 

The main form of the application includes a field for entering the address of 
the analysed page and a button to start the process. When the button is activated, 
monitoring of the size (bytes), speed (“speed”) and time to load the requested page 
from the allocated space (“total time”) begins. In the process of work, the times 
“resolve time”, “connection time” and ‘start time” are also registered. The 
experimental results are stored in a database implemented by means of two tables – 
for PHP-session results and for JavaScript-session results. 

4. EXPERIMENTS AND ASSESSMENTS 

A separate module has been created for visualization of the accumulated 
experimental (monitored) data. It records times associated with receiving the 
information objects in the browser. When conducting an experiment, the requested 
page is visualized in the browser, and the investigated components are presented in 
the bottom part. If no address is entered or the requested page does not exist, the 
application displays the corresponding message. Possibilities are provided for 
tabular visualization of the accumulated data and for their graphical interpretation 
after each traffic measurement, and two modes are provided – for visualization of 
the measurements in table form and for building a graph based on these data. For 
the latter, it is necessary to define parameters for the field of the graph, as well as 
to set the scale, colours and other attributes of the graphical representation. 

Empirical estimates of the transfer of educational information resources and 
their use T [%] are summarized in Figure 3, classified by the size of the transferred 
pages according to Table 1. 
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Table 1. Classification of the information resources 
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

< 0,01 Kb 0,01-1 Kb 1-10 Kb 11-100 Kb 101-103 Kb >103 Kb 
 

 
Figure 3. Usability of information objects  

The highest assessments of usability are for the first four groups, which 
allowed to determine the type of main objects for conducting the experiments with 
the developed monitor, systematized in Table 2. 

Table 2. Types of objects for conducting the monitoring experiments 
Static pages  

(HTML objects) 
Dynamic pages  
(web objects) 

www objects 
with size 25-30 Kb 

Text Text & 
images 53 Kb 200 Kb 28 Kb 29 Kb 

Test1 Test2 dir.bg start.bg data.bg yahoo.com 

 
In the analysis, it should be taken into account that the limitations of the 

client's computer can affect the speed of information delivery. On the other hand, 
the unlimited time to use information resources can conflict with network 
processes when transferring information between server and client. These 
limitations are reflected in the initial phase (“resolve time’) and in the final phase 
(“presentation time”) of the transfer connection. 
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Regarding the server, two components can also be defined, imposing certain 
restrictions – the size of the information object (determines the latency of the 
connection) and the value of the information exchange (limits the transfer rate). 

Part of the experimental results are presented in Figure 4. 
 

 
Server time 

 
Client time 

Figure 4. Experimental results 
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The experimental data for request servicing by the server show that "Start 
transfer time" is a relatively small part compared to "Total server time", and for 
static objects the restrictions for the client are relatively minimal (the client does 
not have a significant impact on the total service time). With dynamically 
generated pages, there is a certain increase in "Presentation time" and "Total time 
for loading the page", but the impact on the client is also not significant. A 
summary of sample data from the experiments is presented in Figure 5. 
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Figure 5. Total time for dynamic resources. 

The analysis of the obtained results when studying the limitations of both sides 
(client and server) show that for dynamically generated resources the most 
important factor is the limitation on the server side. The server execution time and 
the page visualisation time at the client from the moment the first data packets 
arrive are almost the same, from which it can be concluded that the network has 
almost no influence in this case. It has a significant impact only when entering 
external pages, such as yahoo.com (Figure 6). 
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Figure 6. Influence of transfer parameters at different type of resources 
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5. CONCLUSION 

Based on the conducted measurement experiments, it can be concluded that 
the client part does not have a significant impact on the parameters of delivery and 
service of information resources, while the server has a significant impact on 
loading the page (especially on dynamic pages). The latter is determined by the fact 
that in such cases the server does not search in its tree, but in a database. The 
current state of the network also has an influence, i.e. the loading speed of the page 
at a given moment, as well as its load. The transfer also depends on the type of 
information resource (static or dynamic), as well as on server-side restrictions. 
Based on the analysis, it was found that there is a significant difference between 
data transfers that are received from a database and those where data is read from a 
file. The second group of data has a better performance than the first, where a 
strong restriction is observed. 
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