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CREATION OF COLLABORATIVE DEVELOPMENT ENVIRONMENT IN THE
SYSTEM OF DISTANCE LEARNING

The subject of the study in the article is methods and tools for the creation and implementation of distance learning systems (DLS).
The interactive capabilities used in the distance education system, programs and information delivery systems allow for feedback,
dialogue and ongoing support that are not possible in most traditional learning systems. The purpose of the article is to create a
collaborative environment for developing software products in the system of distance learning by forming an interactive platform with
the help of Sphere Engine, which provides the ability to debug the code in many programming languages. At the same time, the
following tasks are solved: a review and comparison of existing systems of distance learning; analysis of the functional and features
of the Sphere Engine platform; development of the integration algorithm of the service with the system Moodle. Methods: methods of
information processing, methods and information technologies for the creation of electronic distance learning courses. Results. As a
result of the review and comparison of existing distance learning systems and software verification tools, the tools that best meet the
needs for collaborative development environments, namely the Moodle DLS and the Sphere Engine service, are selected. The analysis
of the functional and features of the Sphere Engine platform is carried out: a diagram of the work of the api compilers of the service is
shown, which illustrates the process of execution of the program from the moment of its sending to the results of execution; The
concept of a pool script in graphical form is provided. A prototype collaborative development environment created in the form of a
web application is created, the prototype architecture is described. An algorithm for integration of the Sphere Engine service with the
Moodle system is developed. In detail, the stages of the integration algorithm are considered on the example of testing the work
environment of the development of the course "Web-technologies and web-design". Conclusions. An interactive module is created
with the help of Sphere Engine, which allows you to perform laboratory work on programming disciplines and to carry out full
control over their execution. Thus, the degree of automation of the educational process in institutions of higher education increases.
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Introduction

With the development of information technology, the
society faced an important problem, which is to create a
new promising system of education, which should prepare
society for life in the new conditions of civilization. This
explains the emergence of a new form of education —
distance, along with the forms already known and
traditional — stationary, correspondence, external studies,
etc [1].

To ensure the successful design, development and
implementation of a distance learning system, it is
necessary to create the infrastructure of the relevant
educational institutions, train teachers, develop curricula,
etc. An important part of distance learning is its
implementation using information technology, namely
Learning Management Systems, which are designed to
develop, manage and distribute online teaching materials
to ensure the sharing of many users. [2, 3].

Modern computer telecommunications can provide
the transfer of knowledge and access to a variety of
educational information on an equal, and sometimes more
efficient, level than traditional learning tools. Experiments
have confirmed that the quality and structure of training
courses, as well as the quality of teaching in distance
learning, is often much better than with traditional forms
of learning [4, 5].

New e-technologies such as interactive disks,
electronic  bulletin  boards, multimedia hypertext,
accessible through the global Internet network, provide
active involvement of students in the learning process. In
addition, these technologies allow you to manage the
learning process unlike most traditional learning
environments. Integration of sound, movement, images
and text creates a rich learning environment, with the

development of which will increase the degree of
involvement of students in the learning process.

The interactive capabilities used in the distance
education system (DLS), programs and information
delivery systems allow you to set up and even stimulate
feedback, provide a dialogue and ongoing support that is
not possible in most traditional training systems [6, 7].

Analysis of publications and distance learning
systems

Many publications are devoted to the development of
technologies and systems of distance learning. Among
them are the works of C. Wademeyer, R. Harrison, D.
Kigan, M. Moore, D. Schell, which testify that such
systems operate in universities of many countries. DLSs
are actively implemented abroad, in particular in the US
by leading universities in Stanford, Harvard, Princeton,
Massachusetts Institute of Technology (MIT) [8, 9].
R. Kulatta and M. Beynton note that users are offered a
choice of free on-line courses on various technical
disciplines.

In accordance with the concept of the development
of distance education in Ukraine [10], there is now an
increase in the number of higher education institutions
that use the distance education. According to the results of
the analysis of the development of DLS in institutions of
higher education in Ukraine, conducted by Kravtsov G.M.
[11], it can be argued that most higher education
institutions develop their own distance learning systems
(DLSs) that solve internal learning tasks, have specific
document processing protocols, which implement
individualized distance learning technologies.

In the dissertation, Pikulyak M.V. considers methods
and instrumental means of constructing an adaptive
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system of distance education [12]. Dissertation work of
Kuta V.. is devoted to the development and formation of
a complex of information technologies of distance
learning systems for people with special needs [13].

Among the technologies used in the process of
distance learning, the most widely used:

- case technology - a form of distance learning, based
on the provision of educational information educational
resources in the form of specialized sets of educational
and methodological complexes using different types of
information carriers (cases);

- Internet technology is a way of remotely
transmitting information based on the use of global and
local computer networks to provide students with access
to information educational resources and to formulate a
set of methodological, organizational, technical and
software tools for implementation and management of the
learning process, regardless of location its subjects;

- telecommunication technology — a technology
based on the use of satellite and data transmission and
broadcasts as well as global and local networks to provide
interaction between students and teachers and the access
of students to information educational resources presented
in the form of digital libraries, video collections and other
learning tools.

The main criterion for evaluating and implementing
one or another educational technology (form,
methodology) of education in the education system is its
effectiveness.

We will conduct a comparative assessment of the
existing systems of distance learning. Among them, the
main criterion for evaluation is compliance with the

Table 1. Comparative characteristics of the DLS

standard (SCORM) (Sharable Content Object Reference
Model). This is a set of specifications and standards
developed specifically for the DLS at the international
level. It contains requirements for the design of teaching
materials, the formation of the learning process and other
criteria that ensure the universality and scalability of the
system. The relevance of the course to the format of
SCORM provides the integration of the course into other
systems and its multiple uses: all methodological materials
are represented by blocks that can be used to create
different courses, regardless of the environment in which
they were created.

For the most part, the use of DLS is permissible only
as part of the educational process, which involves the
regular personal contact of students and teachers.
Remoteness is used only as a tool for facilitating access to
methodological materials and providing conditions for
independent forms of educational work, which is
especially relevant in connection with an increase in the
number of hours allocated to this format in curriculum.
This technology of interaction in the international space is
called "Blended Learning” — a mixed learning. Within the
framework of the given conception it is envisaged to
obtain knowledge independently, for example, online, and
internally - with a teacher. This approach allows you to
control the time, place, pace and way of studying the
material. Mixed education allows you to combine
traditional techniques and topical technologies.

Comparison of the DLS, the appropriate condition
for supporting the SCORM format, is presented in table 1,
which clearly demonstrates the basic capabilities of the
described systems.

Interface
- . . (10 Types L Online
DLS License type | Architecture | Testing of Management| Communications Conference Development Extras
Questions)
Message, chat Document
Infotechno | Commercial Closed + + Group P ge, ’ + Web GUI flow,
orum
blackboard
. Calendar + APM,
Docent Commercial Closed - + Group Chat, forum + Web GUI emulation
Web Tutor | Commercial Closed - + Calendar Message, chat, - GUI Virtual
forum classroom
Prometheus | Commercial Closed a + + Calendar Message, chat, - Web GUI Team work, 3
forum test modes
Competent Message, chat, Integration
Shared Commercial Closed + + Group forum + Web GUI with MS
Knowledge SharePoint
elLearning Commercial Open ) + Calendar + Message, chat, + Web GUI Elgctromc
Server Group forum library
Emulation,
virtual
Redclass | Commercial Closed - - Group Chat, forum - GUI laboratory,
electronic
textbook
A large number
of additional
modules and
Moodle GNU GPL Open + + Calendar + Message, chat, + Web GUI the possibility
Group forum, blogs .
of self-creation
depending on
the needs
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There are a number of similar software products,
such as Echo-360, e-Manual, IBM Simulation Producer,
Itrain, UPK, Courselab and others. During the study, only
those systems that are most widely represented in the
market of educational services were considered, and all of
the above systems are in demand, mainly in corporate
education.

According to the available functionality, all systems
are similar, except for individual modules. Each of them is
intended for full-fledged provision of electronic resources
for training; systems represent a complete set of functions
necessary for managing the learning process. Each
solution provides modules for creating training courses.
There is an opportunity of individual communication with
students. At different levels of implementation,
administrative control systems have been introduced.
Functional representation of the systems fully meets the
requirements for organizing e-learning and provides a
high level of educational process.

Some systems have unique components, such as the
DLS Docent has an APM and Infotechno contains a
virtual classroom board that may be important for the
certain educational projects, but no significant differences
have been identified.

The most popular among the existing distance
learning systems is the Moodle system, which has a
number of obvious advantages [14-19]:

- convenient intuitive interface;

- the possibility of organizing a large number of
educational work;

- accessibility for users and developers;

- "flexible" course setup to suit the needs.

In the electronic system, Moodle may create a
training framework for disciplines that do not require the
use of third-party software. Moodle also has its own set of
APIs for interfacing with external services.

It should be noted the importance of creating
collaborative learning environments. This is emphasized
by the widespread dissemination of e-learning facilities at
a high school, which opens up broad prospects for
achieving a qualitatively new level of cooperation among
the participants in the educational process. Using a
collaborative development environment, you can achieve
a new level of teaching and learning programming. For
example, remote programming workshops using a
collaborative development environment can provide better
perceptions than using utilities to stream current screen
content. The created collaborative development
environment will be a major addition to the existing tools
for e-learning programming.

For full migration from classical integrated
development environments to collaborative environments,
it is necessary to transfer the entire functionality available
in desktop systems. This process is complicated by the
fact that collaborative development environments change
the social aspects of software development organization.
Thus, the development of the created prototype and its
implementation will be an important step in the education
of professional ethics of future software developers in
terms of successful collective creativity. The results of the
annual student survey confirm the feasibility and

relevance of group learning projects. Therefore, the
introduction of the facilities created in the learning
process will enable an analysis of the effectiveness of the
use of collaborative environments for e-learning systems
for group programming, in particular, for example, the
design of web applications.

Most DLSs have a disadvantage: it is difficult to
verify the code of the training software product. But for
IT disciplines (such as "web-technologies and web-
design"), it is possible to create an interactive platform
with the help of Sphere Engine, which provides the ability
to debug the code in many programming languages
(including php, JavaScript, CSS, HTML) and provides a
wide range of APIs for interfacing with external services.

Therefore, the purpose of the article is to create a
collaborative software development environment in the
system of distance learning by forming an interactive
platform with the help of Sphere Engine, which provides
the ability to debug the code in many programming
languages. This solves the following tasks:

- analysis of the functional and features of the Sphere
Engine platform;

- development of the integration of the Sphere
Engine service with the Moodle system.

Materials of research

For a well-functioning collaborative development
environment requires the use of a third-party external
service, which will be an online compiler with a large set
of programming languages. In addition, such a service
must work with the Moodle system by integrating it.
Today many services allow the use of compilers directly
in the browser. Only one service provides a wide list of
api-functions for working with it from external
applications - this is Sphere Engine (https://sphere-
engine.com). With the use of this service, developers of
the collaborative environment eliminate the need to
deploy it on servers to support compilation, configuration
and API creation. This service also has widgets for
integration into electronic learning systems [20-22].

Sphere Engine is a platform that supports training
and testing of IT skills. This technology allows you to
check automatically the programming skills in real time.
In addition, the service allows you to execute remotely the
computer programs in a safe environment.

Sphere Engine can be used in many areas, including:

- IT education (programming for learning);

- courses of e-learning disciplines, which are
accompanied by interactive examples and exercises);

- when testing the programming skills as a platform
for conducting interviews while recruiting staff with the
ability to run code written by candidates;

- hakatons and programming competitions as a
system for sharing the executable source code;

- in the cloud environment of the IDE, etc.

The Sphere Engine service allows:

- download the code;

- launch a program with incoming data on the server
with support for most popular programming languages;

- receive the result of execution.
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APl Sphere Compiler Engine offers the ability to
execute programs in dozens of programming languages,
such as: C ++, C #, Go, Haskell, Java, Kotlin, Node.js,
PHP, Python, Ruby, Scala or Swift and hypertext markup
languages html.

The system consists of two modules:

1. Compilers — allows you to remotely execute
computer programs and download the results of their
execution, control the implementation of the source code
of the program, add the value of input data.

2. Problems — Carries out an automatic check of
correctness of computer programs in the context of
programming problems.

Integration of both modules is possible with any of
the following methods:

1) widget integration - a quick and easy way to
integrate, recommended for expansion of existing
projects;

2) RESTful API - a way to integrate with a wide
selection of options recommended for creating specialized
applications "from scratch".

Data transfer through API is performed using HTTP
parameters. Therefore, any client library that supports
HTTP can be used to integrate with the Sphere Engine
service.

The integration of the Problems Sphere Engine
module into the learning management system (in our case,
Moodle) allows you to embed interactive programming
tasks in them.

Fig. 1 shows the scheme of the Api Compilers
service, which illustrates the process of execution of the
program from the moment of its sending, and the results
of execution.

SUBMISSION RESULT

SOURCE CODE RUNTIME DATA

INPUT DATA

LANGUAGE OUTPUT DATA

COMPILE
»

>

EXECUTABLE

Fig. 1. Scheme of work of Api Compilers service

Data available after execution of the program
include: execution time, memory consumption, output
signal and data streams (source data generated, execution
errors, warnings and compilation errors).

All URLs that are related to the Sphere Engine
Compilers APl have a common base in the form http: //
<endpoint> / api / v4 /, which is called the endpoint. The
Sphere Engine service allows you to use an access token
for each use of the API method.

For example, the test method available at the relative
address / test must be executed using the next address
along with the access token: http: // <endpoint> / api / v4 /
test? Access_token = <access_token>.

The API Sphere Engine Compiles is compatible with
the REST architecture. This is due to the following
characteristics:

- each API uses an HTTP request;

- the HTTP request method defines the type of API
method (GET - receiving data, POST — creating a new
resource, PUT — updating the resource data, DELETE —
deleting the resource).

The answer is always returned in JSON format. In
the case of an error when executing the APl method (that
is, the response code, starting with the number 4), the
structure of the response has the following form:

{

""error_code™: Xxx
"message": " message that describes the error

}

The error_code field contains an integer that
identifies the error and allows you to easily interpret the
error.

The program that is sent for execution in the Sphere
Engine system is called a submission. The training
consists of the source code of the program, the
programming language and (optionally) the input data that
is processed by the program. The response of the API
method to obtain submission data (ie GET / submissions /:
id) contains two fields that determine the current state of
the submission.

The Binary Run field helps you quickly check
whether the system processes the submission. Can take the
following values:

1) true — representation in the process of processing
the system, and the data created by the program are not
yet available.

2) false - submission already left part of Sphere
Engine system responsible for executing programs, and all
information is finally installed and available.

After creating a new request, the system needs some
time to execute it. The following scenario is
recommended: create a request using the POST /
Submissions method; waiting 2 seconds; Receive sending
data using GET / submitings /: id; representation of the
current state of presentation to the user (optional). If
executing = true, you need to go back to the previous step.
Fig. 2 presents the concept of this scenario in graphical
form.

The disadvantages of the APl Sphere Engine include
the fact that it works only with single-file downloads, that
is, it is not possible to download a large structured project.
In addition, it is not possible to set breakpoints for its
debugging.

In the case of an intense load on the server (that is, if
there is no time interval between requests), in anticipation
of processing, this can be recognized as a DoS / DdoS
attack and can lead to a reaction of the API's Sphere
Engine's security system. In this case, the Sphere Engine
servers may refuse further access to the service.

Integration of the Sphere Engine service into Moodle
system

The use of a third-party external service, which is an
online compiler with a large set of programming
languages, is illustrated by the example of monitoring the
implementation of laboratory work on discipline "Web-
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technology and web-design™.

The specified service

interacts with the Moodle system by integrating it. An
important point is also the availability of API functions to
access certain elements of the service for proper setup.

—1
—1
—1
—1
1

REQUEST
RESPONSE
REQUEST
RESPONSE
REQUEST
RESPONSE
REQUEST
RESPONSE

REQUEST
RESPONSE

Y

TIME

submission is
being executed
(~ 4 seconds)

submission waits to be
pulled from the queue
(~ 0.5 seconds)

time during which API client waits for final result

Fig. 2. lllustration of Pool Submission Script
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4
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Fig. 3. A generalized algorithm for integrating the Sphere Engine

Fig. 3 presents a generalized algorithm for
integrating the Sphere Engine service into the Moodle

system.
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Let us consider the main stages of the developed
algorithm.

To access the API functions that will be used to
access the functionality of the service from Moodle, you
must create a corresponding request.

When integrating the Sphere Engine, a configuration
set for the LMS system is created that integrates with the
Sphere Engine for education in a manner that is consistent

LMS #X301Wx

Education LMS #X301Wx

General settings XML config

Name " @

X301Wx

Shared Secret

0QJUWz4ZNm9306hBxOYvrSUAhSDhTzPTqyOn7SnV

with LTI (fig. 4): consumer key (1), general key (2), tool
URL (HTTP (3) or HTTPS (4)).

Fig. 5 shows the XML (5) data needed for an
automated configuration that can be used in two ways:
through a special URL (6) by copying it directly from the
text field (7).

A separate configuration has been used for each
LMS (fig. 6).

Caonsumer Key

X301Wx

2 regenerate

Tool URL
http://test.dev-sepw.sphere-engine.com/Iti

Tool URL with SSL support

hitps://test.dev-sepw.sphere-engine.com/Iti

Safe mode

v|if you encountered issues regarding integration of your LMS with the Sphere Engine, uncheck this option (go to our integration

guide to find out more)

delete this LMS

Fig. 4. Configuration data
LMS #X301Wx

Education LMS #X301Wx

General settings XML config

Save changes

XML configuration URL

hitps://test.dev-sepw.sphere-engine.com/Iti/configxml/X301Wx

Plain XML configuration

<?xml version="1.0" encoding="UTF-8"?>

xmins:blti = "http:/iwww.imsglobal.org/xsd/imshasiclti_v1p0"
xmins:lticm ="http:/ivavw.imsglobal.org/xsd/imslticm_v1p0"
xmins:lticp ="http:/Avaw.imsglabal.org/xsd/imslticp_v1p0"
xmins:xsi = "http:/fww.w3.0rg/2001/XMLSchema-instance”

<cartridge_basiclti_link xmIns="http:/Aww.imsglobal.org/xsd/imslticc_v1p0"

xsi:schemal ocation = "http://iwww.imsglabal.org/xsd/imslticc_v1p0 http:/Amww.imsglobal.org/xsdiltifitivip0/imsiticc_v1p0.xsd
http:/Awvww.imsglobal.org/xsd/imsbasiclti_v1p0 http:/Awvww.imsglobal.org/xsd/Iti/ltiv1p0/imsbasiclti_v1p0.xsd
http:/Avww.imsglobal.org/xsd/imsliticm_v1p0 http:/Aww.imsglobal .org/xsd/iti/itivi pOfimsiticm_v1p0.xsd
http:/Awvww.imsglobal.org/xsd/imslticp_v1p0 http:/Avww.imsglobal.org/xsd/ltifltivipO/imsiticp_v1p0.xsd"> s

P

delete this LMS

Fig. 5. XML data for automated configuration

Save changes
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LMS #X301Wx

Education LMS #X301Wx

General settings XML config

Name " @

X301Wx

Shared Secret
0QIUWz4ZNm9306hBxOYvrSUAhSDhTzPTqyOn7SnV
Tool URL

hitp:/itest.dev-sepw.sphere-engine.com/lti

Tool URL with SSL support

https://test.dev-sepw.sphere-engine.com/Iti

Consumer Key

X301Wx

i< regeneraie

Safe mode

guide to find out more)

v | if you encountered issues regarding integration of your LMS with the Sphere Engine, uncheck this option (go to our integration

Fig. 6. Additional settings

The Moodle system offers the ability to configure an
external tool (for example, Sphere Engine for Education)
in such a way that the program becomes public in the
resource list. The settings required for this process require
administrator privileges and are available in Site
Administration> Plugins> Activity modules> External

Moodle sandbox demo

Manage tools

tools> Manage tools. If admin use is not possible, an
alternative configuration method allows you to use Sphere
Engine for Education with the course configuration.

Moodle provides an automatic configuration process.
The configuration window is shown in fig. 7.

ADMIN BOOKMARKS

Fig. 7. Adding of the LTI configuration to Moodle system

In Moodle, the URL of the tool (1) contains the URL
that is available in the appropriate field of the "XML
Configuration” tab (Sphere Engine), and the Add button
(2) (Moodle) is clicked. For security reasons,
you must enter a consumer key (3) and a general
key (4). Configure the configuration (6) for which Sphere
Engine for Education will be present when adding
resources.

When adding and adjusting the resource for the
course (fig. 8), the required parameters are specified
(resource name (3) and privacy settings (4)).

After adding the instrument to the discipline topic, it
is available for use. Then using the Sphere Engine API:

- to transfer the text of the task of the lab work,
which will be stored in the element of the course
"Database™;

- setting the time for the task.
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Display description on course page ! @
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ity description when launched | @

Preconfigured tool ] phere Engine for Education ¢
Tool URL (]

uuuuuuuuu | URL ]

Launch container (-] fault

Consumer key )

Shared secret Y s ®
Custom parameters L]

icon URL (2]

Secure icon URL (-]

Show les:

Privacy

¥l Share launcher's name with the tool @

¥ share launcher's emall with the tool @

¥ Accept grades from the tool @

Grade

Common module settings
Restrict access

Tags

Competencies

There are required fields in this form marked @

Fig. 8. Configuration of the resource

Conclusions

Because of the review and comparison of existing
distance learning systems and software verification tools,
the tools that best meet the needs for a collaborative
development environment, namely the Moodle DLS
and the Sphere Engine service, are selected. The analysis
of the functional and features of the Sphere Engine
platform allowed to implement the integration of the

Sphere Engine service with the Moodle distance learning
system.

For the course "Web-technologies and web-design™ a
separate interactive module has been created with the help
of Sphere Engine, which allows to perform laboratory
work in this discipline. With the help of the integrated
service, you can carry out full control over the progress of
laboratory work. Thus, the degree of automation of the
educational process in institutions of higher education

increases.
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CTBOPEHHSI KOJTABOPATHUBHOI'O CEPEJOBHIIA PO3POBKH B CUCTEMI
JUCTAHIOIMHOI'O HABYHAHH

IIpeqMeToM NOCTIDKEHHS B CTaTTi € METOAW W IHCTPYMEHTAIBHI 3acO0M CTBOPEHHS Ta BIPOBAKEHHS CHCTEM JUCTAHI[IHHOTO
HaBuaHHA (CJIH). IHTepakTHBHI MOXKJIHMBOCTI, SIKi BUKOPUCTOBYIOTHCS B CHCTEMi IUCTAHIIMHOTO HaBYAHHSA, MPOTPaMU 1 CUCTEMH
JOCTaBKU iH(pOpMaLii, JO3BOJIOTH HAATOJUTH 3BOPOTHHUH 3B'SI30K, 3a0€3MEUUTH Aialor 1 MOCTiMHY MIATPUMKY, SIKI HEMOJXJIMBI B
OLIBIIOCTI TpagULIHHUX CHCTeM HaB4YaHHSI. MeTOI0 CTaTTi € CTBOPEHHS KOJa0OPaTHBHOTO CEPEeNOBMINA PO3POOKH MPOrpaMHUX
MPOAYKTIB B CHCTEMi MUCTAHIIHHOTO HAaBYAHHS HUIIXOM (OPMYyBaHHsS IHTEPAKTUBHOI IIaThopMH 3a IOMOMOTror cepricy Sphere
Engine, skuil Hajae MOXIIMBOCTI HaJlaro/KyBaTH KOJ Ha 0arathOX MOBax HporpamyBaHHs. [Ipy IbOMy BHPIIIYIOTHCS HAcCTYITHI
3aBAAHHSA: OIJIA]] Ta MOPIBHSIHHS ICHYIOUMX CHCTEM JUCTAHLIHOIO HaBYaHHS; aHali3 QyHKIIOHATY Ta 0COOIMBOCTEN 3aCTOCYBaHHS
mwiatpopmu Sphere Engine; po3poOka anroputMy iHTerpaiii ceppicy 3 cucremoro Moodle. Meroau: Metonu oOpoOku iHpopMmaIlii,
Metoqu W iH(OpMAaIiiHI TEXHOJIOTI] CTBOPEHHS EJIEKTPOHHMX KypciB AWCTaHLifHOro HaB4yaHHsA. Pe3yabTaTm. 3a pesynbratamu
OTJISITy Ta MOPIBHAHHS ICHYIOUMX CHCTEM [UCTAaHIIHHOTO HaBYaHHS Ta 3aco0iB s MEpEeBIpKH MIPOTPaMHOTO Koay oOpaHo
IHCTpYMEHTH, SKi HalO1IbIIe BiINOBINAaI0TE TOTpebaM CTBOPEHHS KOJIAOOpaTHBHOTO cepenoBuIa po3pooku, a came C/IH Moodle Ta
cepsic Sphere Engine. IIpoBeneno anami3z ¢yHKIioHamy Ta ocoOiamBOCTel 3acTocyBaHHs IumaTtdopmu Sphere Engine: mpuBemeHO
cxeMy poboTu api compilers ceppicy, fka UIIOCTpye MHpOLEC BHUKOHAHHS NIPOTpaMH 3 MOMEHTY Ii BiANpaBKA OO pPE3yibTaTiB
BUKOHAHHSI, HAJ]AHO KOHIICTIIIIIO CIICHApito myny y rpadiuniii Gpopmi. CTBOpEHO MPOTOTHIT KOJIAOOPATUBHOTO CEPEIOBHIIA PO3POOKH,
SIKMH JTOCTYIHUH y BHUITISAI Be0-3aCTOCYHKY, ONUCAHO apXiTeKTypy mpoTotuiy. Po3pobieHo anroputMm iHterpamii cepsicy Sphere
Engine 3 cuctemoro Moodle. JleTambHO pO3MIISIHYTO €TaNd alrOPUTMY IHTErpallii Ha MPHKIAIi TECTYBaHHS POOOTH CepelOBHIIA
po3podku kypcy "Web-texHomnorii Ta web-an3aiin". BucHoBku. CTBOpeHO iHTepaKTHBHHN MOJIYINb 32 JIONOMOIoo cepBicy Sphere
Engine, sikuii 103BOJIsI€ BUKOHYBATH JIAOOPATOPHI poOOTH 3 TUCHUILTIH MPOTpaMyBaHHS 1 31HCHIOBATH IIOBHUI KOHTPOIIb 32 XOA0M iX
BUKOHAHHA. TakUM YMHOM ITiZIBUIY€ETHCS CTYIIHb aBTOMATH3aLli] HABYAILHOTO MPOLIECY B 3aKJIajaX BUILOi OCBITH.
KurouoBi ciioBa: qucraHmiiine HaBYaHHS; KOTaOOpaTHBHE CEPEOBHUIIE; aJlTOPUTM iHTErpailii; BeO-cepaic.

CO3JIAHUE KOJJABOPATUBHOM CPEJIbl PA3PABOTKH B CUCTEME
JUCTAHIUOHHOTI'O OBYYEHUA

IIpeqMeToM ¥mcClIeOBAaHMS B CTaThbe SBISIOTCS METOABI M HWHCTPYMEHTAIBHBIC CPEJCTBA CO3JaHUS M BHEAPEHHS CHCTEM
mucrannuonHoro ooydenus (CO). IHTepakTHBHBIE BO3MOKHOCTH, KOTOPBIE HCTIONB3YIOTCS B CHCTEME TUCTAHIIMOHHOTO O0YYeHHs,
MpOrpaMMBbl M CHUCTEMBI JOCTaBKH HH(OpPMaIMy, MO3BOJSIIOT HAJIaAUTh OOPaTHYIO CBs3b, OOECIEUHUTH HAIOT WM IOCTOSHHYIO
TOJJIEPXKKY, KOTOpPBIE HEBO3MOXKHBI B OOJBIIMHCTBE TPAJMIMOHHBIX cHCTeM oOydeHus. Lleablo craTbu sIBIsieTCS CO3IaHHE
KOJIabOpaTHBHOM cpeabl pa3pabdOoTKM MPOrpaMMHBIX HPOJYKTOB B CHUCTEME JUCTAHI[MOHHOTO OOy4YeHHs IyTeM (OPMHPOBaHUSI
HMHTEpaKTUBHOM I1aTdopMbl ¢ moMolbio ceprca Sphere Engine, KoTopblif mpeocTaBiseT BO3MOXKHOCTH OTJIAIKU KOJa Ha MHOTHX
SI3BIKaX MpOrpaMMHUpoOBaHMs. [Ipm 3TOM pemaoTcs ciemylomue 3ajadM: o030p M CpaBHEHHE CYIIECTBYIONIMX CHCTEM
IVICTAaHIIMOHHOTO 00yUeHHsT; aHannu3 (DyHKIHOHANA U 0cOOeHHOCTeH mpuMeHeHus iatdopmer Sphere Engine; pa3paboTka anroputma
WHTETpaInu cepBuca ¢ cucteMoii Moodle. Metoasl: MeToasl 00pabOTKH HH(GOPMALIUH, METOABI U WH(POPMAIIMOHHBIE TEXHOIOTHH
CO3JaHUs HNEKTPOHHBIX KypCcOB NUCTaHIMOHHOTO oOydeHus. PesyabTarshl. [To pesympraram 0030pa M cpaBHEHHS CYIIECTBYIOIINX
CHCTEM JUCTAHIMOHHOTO OOYYeHWsI M CpPEACTB IIPOBEPKHM Koja H30paHi WHCTPYMEHTHI, KOTOpbIe Hambojiee COOTBETCTBYIOT
MOTPEOHOCTSIM CO3/1aHMs KoJlabopaTHBHOI cpenpl pa3pabotku, a uMernHo CJIO Moodle u cepsuc Sphere Engine. IIposenen ananus
¢yHkumoHama M ocoOeHHocTeil npuMenenus: ruiatdpopMel Sphere Engine: mpuBenena cxema paGoTel api compilers cepBuca,
WUTIOCTPUPYIOIIAs TPOLIECC BBIMOIHEHHS IPOrPaMMbI C MOMEHTa €€ OTJIa/IKH J0 Pe3yJIbTaTa BBITOJIHEHHUS; IPUICTABICHA KOHIICTIIIHS
creHapus Imyna B rpadmdeckoit popme. CozmaH MpOTOTHI KOJTAOOPAaTUBHOM cpembl pa3pabOTKH, KOTOPHIH JOCTYIEH B Buje BeO-
TIPWIIOXKEHHSI, OMHCaHa apXUTEKTypy nportoTtuma. Paspaboran anroputm muTerpanum cepsuca Sphere Engine ¢ cuctemoit Moodle.
IMoapo6HO paccMOTPEHBI ATANBl AITOPUTMa MHTETPAIN Ha MpUMeEpe TeCTUPOBaHMS PaboThI cpexsl pa3paboTku ms kypca "Web-
TexHouorun U web-mu3aitn". BeiBoabl. Co3gaH MHTEpaKTUBHBINA MOJYIL ¢ TOMOIIBIO cepBrca Sphere Engine, KoTopsIif mo3BOIISIET
BBINIOJIHATE J1a00OpaTOpHbIe PabOThl MO IUCHMIUIMHAM MPOrPaAMMHPOBAHMS M OCYIIECTBISTH IIOJNHBIA KOHTPOJb 338 XOAOM HX
BbINOJIHEHUsA. TakuMm 06pa30M, MOBBIIACTCA CTCIICHb aBTOMATU3alluH yqe6H0ro nporuecca B yUpEKJACHUAX BBICIIETO O6pa3033Hl/15[.
Kitro4eBble ¢j10Ba: IUCTAHIMOHHOE 00y4YeHHe; KonabopaTUBHAs CPe/ia; allrOPUTM HHTErpalluK; BeO-CepBHC.
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