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METHODS FOR CONSTRUCTING VIRTUAL LABORATORIES

The paper analyzes thethe methods of representing, storing, transmitting and processing virtual lab data
and architecture . The features of virtualization of educational tasks are considered. Key requirements for the
virtual lab were prioritized using the MoSCoW technique. The proposed approaches to determining the key
characteristics of a virtual laboratory do not depend on the subject area for which the laboratory is being
developed. The methods of analyzing the content and methods of presenting the results of educational activities
allow not only to evaluate the amount of work to create a virtual laboratory, but also to determine the
composition of the team to justify the involvement of various specialists.
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Jlepoicasnuii ynigepcumem menexomyHixayitl, Kuig
METO/IU TOBYJIOBHU BIPTYAJIBHUX JJABOPATOPIN

Y cmammi nposedeno ananiz memoodie nooanns, 36epicanns, nepedaui ma 0opoOKU OaHUX GipMYATLHOT
nabopamopii, cnocobie i ocobausocmeli ubOpy apXimexmypu npoexmy. 3anponoHo8ani Memoou aHauizy
KOHMEHMYy ma npeocmasieHts pe3yibmamis HaguanbHoi OISIbHOCME 00380NSI0Mb He ue oyiHumu oocaeu
pobomu 3i cmeopeHHs 8ipmyanbHoi 1abopamopii, ane U 8UHAYUMU CKAAO KOJLEKMUBY 015 OOIPYHIMYBAHHS.
3anydenHs 6ionogionux Qaxieyie. Yuighikayis 3micmy eipmyanvnoi nabopamopii Ha OCHO8I auue
enacmugocmetl Muny, MiHIU80CMi Mma cnocoby PopmyeanHs KOHMeHmy 00380JI€ NPOEKMY6amu apianmu
aabopamopiil, wo GIOPI3HAIOMbCS 34 6APMICIIO MA CKIAOHICMIO 8NPO6AddCcenHs. Poseisnymo ocobausocmi
sipmyanizayii HA8YAILHUX 3a60aHb. Busnaueno eudu 3a60ams, K He 6ANCAHO BIpPMYANizyeamu, ma 3a460aHHs,
0na AKuUX asmomamusayis 3abe3neuumsv 3nayHi nepesazu. lIposedeno ananiz 6umMoz KuO408UX 2pYN
KOpUCmyeauie ma UsHA4eHo ix munosi Qyukyionanvui eumoeu. llpiopumusayiio eumoe 00 GipmMyanvHoOl
aabopamopii nposedeno i3 suxopucmanum mexuiku MoSCoW, sika 0oszsonse euoinumu 20106HI ma
OpY2OPAOHI 8UMO2U 3 YPAXYBAHHAM HeoOXiOHOCHMI ix peanizayii 6 NOMOuHIl 8epcii NPoePaMHO20 000AMKY
8ipmyanvHoi 1a00pamopii. CYHKYIOHATbHI GUMO2U, GUSHAYEH] 8 CHIAMMI, MOJCYMb GUKOPUCTOBY8AMUCH K
OCHO8a 071 CKIA0arHs Oinb demanbHOl cneyuixayii, sika 8paxosye cneyu@iyni 0cooaU80CmMi KOHKPEmHol
npeomemnoi obracmi ma cnocib peanizayii 6ipmyanvroi nabopamopii. 3anpononosani memoou nooyo0osu
BIPMYANbHUX 1AOOPAMOPIll HA OCHOGI AHANIZY IX OCHOBHUX MUNOBUX XAPAKMEPUCMUK He 3anexcams Gi0
npeomemnoi obracmi, 015 AK0i po3poOAEMbCS 1aOOPAMOpIs, Wo 00380J5€ YHIIKysamu npoyec po3pooKu,
AK 36UHAUH020 NPOSPAMHO20 000AMK).

Kniouosi cnosa: sipmyanvha nabopamopis, cmamuyni eiemenmu, OUHAMIYHI eleMeHmU, KOHMeHM,
pe3yrvmamu KOpucmyeaybKoi akmueHocmi, npeoMemna 2any3sb, K0Y08i GUMOZU.
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T'ocyoapcmeennulii yHugepcumem menekommyHukayutl, Kues

METO/bI IOCTPOEHUSA BUPTYAJBHBIX IABOPATOPUI

B cmamve ananuzupyromcs memoovl npedcmasieHus, XpaHeHus, nepeoauu u o06pabomKu OAHHbBIX
BUPMYANbHOU  1abopamopuu, NoCmpoeHusi u evlbopa ee apxumexmypwvl. Paccmompenvt ocobennocmu
supmyanusayuu  yuyeOuvix 3a0anuu. Knrouesvie mpebosanus K upmyanvHou Jjaabopamopuu  Ovliu
npuopumusuposansvl ¢ ucnoavzosaruem mexuuxu MoSCoW. I[lpedracaemvie nooxoosvl Kk onpeoeireHuro
KAIOYEBbIX XAPAKMEPUCMUK BUPMYATbHOU TAO0Pamopuy He 3a8Ucsim om npeomMemuot obnacmu, Oas KOmopou
paspabamsieaemcs 1abopamopus. Memoovl aHanu3a co0epHcanus u cnocodwbl nPedCcmasieHuss pe3yibmamos
00paz06amenbHoOl 0esimeirbHOCHU NO3BOJISIIOM He MOIbKO OYEHUNb 00beM pabom no cO30aHUI0 GUPMYATbHOU
nabopamopuu, HO U Onpederumsv COCMA8 KOMAHObL, UYmobbl 000CHOBAMb NPUBTEUEHUE PA3IUYHBIX
CReyuanucmos.

Knrwouesvie cnosa: supmyanvras 1abopamopus, cmamuieckue 91eMeHmyl, OUHAMUYEeCKUe I1eMeHmbl,
KOHMEHM, pe3yibmamsl NOIb308AMENbCKON AKMUBHOCIU, NpeOMemHas 001acmby, Kouegvle mpedosaHus.

Introduction.

In modern educational processes, computer information technologies are widely used. Most
applications are aimed not only at providing theoretical material, but also at organizing a workshop
that allows the learner to obtain specific skills in the educational field. A special place in the segment
occupied by the Virtual Laboratory (VL). A similar form of organization of the educational process
can be considered as a tool for modeling processes, objects and phenomena, considered in practical
and laboratory research [1-4].

Virtual analogues can partially or completely replace ordinary physical laboratories, which are
used in engineering disciplines, as well as in courses in chemistry, physics and other similar
disciplines. Models of real objects and processes in this case act as prototypes, which are subsequently
implemented in the software product interface. Realism is achieved by using the organization of user
interaction with virtual objects in the same way as he interacts with real objects. Therefore, the main
emphasis in the design of virtual laboratories is usually made on attempts to make it as similar as
possible to a real laboratory. The examples of such laboratories can be a Universal Virtual Laboratory
(UVL, a realistic, real-time, electrical engineering virtual laboratory) [5], virtual laboratories for
demonstration of experiments and support a hands-on learning environment for teaching engineering
courses such as [6], a virtual chemistry laboratory for undergraduate students (a tool for conducting
virtual chemistry experiments, solving problems and verifying learning material) [7] and many others.
Attempts have also been made to generalize the characteristics of virtual laboratories and create the
ontology for a general virtual laboratory for further use of research results in the design and
development of new virtual labs, and their integration into existing learning environments such as
Moodle [8]. At the same time, the question of using virtual laboratories for non-engineering and non-
physical disciplines remains open. The main problem here is the lack of physical, technical, chemical,
mechanical and other similar processes that can be reproduced in a real laboratory. However, good
structuring of the material makes it possible to use it as the basis for the visualization of these
processes and objects.

Existing virtual laboratories differ significantly both in structure and in ways of interacting with
the user. The heterogeneity and complexity of the content and logical connections between the
elements of the virtual laboratory allows us to consider VL as a complex system, which should take
into account both the complexity of software development in general and the specifics of process
virtualization. The purpose of the article is to analyze the influence of the methods of presentation,
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storage, transmission and processing of virtual laboratory data and project architecture on the
development process of a virtual laboratory.

1. Virtual Lab Content Analysis.

Obviously, the subject area significantly affects the maintenance of virtual laboratories.
However, the methods and methodology of the educational process, which uses a specific teacher,
determine the methods and tools of interaction of the student with the application, as well as ways to
manage and control workshops. When considering the characteristics of educational content, the
following will be primarily taken into account:

— type (format);

— variability;

— formation method.

The content of the virtual laboratory firstly can be divided into text, graphic and multimedia
(video, animation, etc.) objects, depending on the format in which the initial information of the
training course is presented. In accordance with this classification, the developer must determine the
formats and technologies of the data taking into account the way they are displayed. The key issues
here are the choice of file types and formats, the definition of database structures. At the design stage
of the virtual laboratory, flexibility must be provided in the choice of presentation methods and
formats. Replacement of one way of presenting to another must be strictly regulated because it can
lead to additional costs including the expansion of the development team, for example, the
replacement of textual information to a multimedia presentation requires the involvement of painters,
animators, and other specialists. The choice of simpler ways of presenting content (text, tables, etc.)
makes the project much cheaper, but can lead to a decrease in the quality of training. At the same
time, the use of interactive methods does not always improve the perception of information.

An important factor is also the variability of content throughout the process, which is reflected
in the virtual laboratory. According to the degree of variability the content elements can be divided
into the groups shown in Fig.1.

Static elements Dynamic elements
the appearance of these elements the appearance of these elements can
does not change, no matter which change, depending on what actions
actions the user performed the user performed in the system
e tooltip text e image of the liquid level in the
e scheme of the experiment container
e the demo video or animation * the state of the switch
* the image of the object * etc.
* etc.

Fig.1. Classification of content by variability when studying a course

The use of static rather than dynamic elements can sometimes significantly reduce the time and
cost of development.

This is due to several points:

— static elements may already exist in some form in real training materials (compendiums,
textbooks, problem books, etc.);

— the process of forming static elements can consist of very simple operations for which you do
not need to attract highly qualified designers and artists (for example, scanning text / drawings,

typing);
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— static elements are easier to modify during the development of a virtual laboratory.

However, sometimes this approach can lead to the need for some separate screen layouts for each
page of the system. Therefore, the virtual laboratories with complex scenarios appropriate to share
the page layouts into independent layers containing elements of various kinds. This separation will
allow further improvement of the system by transforming static layers to dynamic without modifying
the existing layers.

According to the method of forming the content elements can be divided into the following
groups:

— elements that are selected from a database (e.g., base of tasks variants, the base images, etc.);

— elements, that are generated in accordance with some regularity or model (e.g., the raw data
of the task generated by some formal grammar or numerical series generated by some distribution
law, the object or process, generated on its mathematical model).

The database elements preferably use in two cases. The first is where the objects are too difficult
or impossible to generate automatically (for example, there is no pattern generation). The second is
when the cost of creating a database of elements less than the software development for generating
elements. However, automatic or automated generation of the elements is the part of the program
code (usually, a built-in algorithms), so changing the method of forming an element entails the project
modernization.

2. Analysis of users’ activity results data.

Among the users of the virtual laboratory are the following key groups: students, teachers and
system administrators. Items of lab system administration and exchange with the system data to
necessary for the educational process (setting parameters, modes, etc.), are outside the scope of this
paper, because it strongly depends on the system specific implementation. Such data streams are
considered that are primarily associated with the exchange of information between teacher and
student, because the teacher must have access to the results of student’s activities.

A virtual laboratory can act as an intermediate system and automatically process student learning
outcomes or monitor the learning process. In this case, the teacher can both obtain the final results of
the training, and track the process of completing the training tasks.

The implementation of the laboratory, in which the system itself monitors the correctness of the
assignment, is most preferable, because it allows you to expand the audience of the laboratory without
the involvement of additional teachers. Another implementation of a virtual laboratory involves the
partial or complete processing of activity data by a teacher. The functions of the system are reduced
to registering the actions of students and organizing such a buffer for the exchange of data between
teacher and student.

3. Analysis of the implementation features of the virtual laboratory architecture.

The main elements that influence the choice of Virtual labs architecture are: an object of study,
technology to access to the object and methods of control (processing) of learning outcomes. As the
object of study it can be a real system (a system can be interpreted as a device, mechanism, etc., as
well as some objects to study their behavior or properties). Real systems can be partly or completely
replaced by the virtual models. On the one hand, it can significantly reduce the costs of the real lab
and increase the number of lab users by creating individual virtual working places. On the other hand,
the development of the virtual models can be quite a difficult process that can lead to a rise in the cost
of the project, and to increase the development time of the system as a whole.

The advantages of using real models:

— laboratory users can explore objects/processes "live™;

— you can use an existing lab fund.

The shortcomings of using real models:
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— difficult to integrate real devices/system/objects in a virtual laboratory environment;

— high cost of experimentation;

— high cost of experimental errors, including errors, that lead to the human victims (e.g.,
chemical experiments, surgery, etc.);

— difficult to organize simultaneous access of all students to the equipment or objects of studies
(for each student during the laboratory training should be organized individual workplace);

— difficult and/or uncomfortable to change the parameters of objects/processes;

— in some cases, there are limited opportunities to repeat the experiment (e.g., repeat the
chemical experiment).

The implementation of the system as a local application or by using network technologies largely
depends on the educational process method in a particular school. Often, virtual lab is developed in
several versions (network and boxed), which allows to cover the different user audiences.

The method of processing the results of training depends on the data generated by students in the
learning process. Most of the results of training activities can be processed automatically, without a
significant complication of the system functionality. However, if treatment is a complicated process,
which relates to artificial intelligence (e.g., semantic analysis of text) then the developers need to
exclude the monitoring validation of the tasks from the system functions.

4. ldentification of functional requirements for the virtual laboratories.

Identification and analysis of system requirements is one of the most important stages in the
design, development and testing of programs. System requirements directly depend on the goals of
users. Methods for identifying requirements are determined by the structure and composition of the
primary information from users, the type of system (custom-made product, open market system,
embedded system), the way developers interact with potential or real customers, and even the style
of work adopted by the development team. Assessing the significance of certain requirements, the
possibility of their inclusion in the current version of the project, the analysis of risks associated with
the inclusion/exclusion of requirements is a complex process, usually based on heuristic approaches.

One of the technologies that has been successfully used in the development of software products,
and allowing to determine the significance of requirements in the project based on expert assessments,
is MoSCoW technology. This technology allows to divide all the requirements into groups according
to their belonging to one of the categories: Must, Should, Could or Won't.

MUST have this. Describes a set of functional requirements for the system, which must be
present in the product. Without the requirements of this category, creating a product does not make
sense at all. SHOULD have this if at all possible. Describes a set of mandatory functional
requirements for which, however, there are workarounds for implementation (the so-called "work
around"). For example, printing a report may not be implemented in the source system, but the report
may be saved in a format that any text editor supports, and the editor itself has a print function.
COULD have this if it does not affect anything else. Describes requirements, the absence of which
does not lead to significant problems in the functioning of the system. Even if these requirements are
not implemented in the final product, users will still be satisfied. WON’T have this time but WOULD
like in the future. Describes non-essential requirements that may come in handy, for example, in
future versions of the system. The requirements of this category are not implemented in the current
version [10].

A virtual laboratory presents a set of software tools that provide modeling of processes, objects
and phenomena considered in practical and laboratory studies as part of a certain educational process.
The type of heterogeneity of content and logical connections between the elements of a virtual
laboratory can be attributed to the class of complex systems. Most existing virtual laboratories vary
significantly both in structure and in how they interact with the user. The problems that arise when
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developing specific virtual laboratories, as a rule, reflect the classic difficulties of software
development in general. Software development specialists are not experts in the subject area for which
a virtual laboratory is being developed. In turn, when formulating requirements for the system, subject
matter experts may have difficulty in formulating these requirements. Using MoSCoW technology,
it is possible to involve system developers and customers as experts in evaluating requirements.

The main users of the virtual laboratory are a teacher and a student. The student’s goals are to
assimilate material on the practical part of the academic discipline, as well as partially or completely
complete laboratory tasks at the course using virtual laboratory tools. The objectives of the teacher
are to organize the independent work of students; automation of the formation and presentation of
tasks to the practical part of the course; automation of control of students' assignments. The analysis
of user goals allowed us to formulate sets of requirements for the subsystems “Student” and
“Teacher”, which do not depend on the structure of the virtual laboratory, the subject area, within
which the laboratory is implemented, as well as the means and technologies of software
implementation. The identified requirements were ranked according to MoSCoW technology
principles.

Functional requirements for the subsystem “Student” of the MUST category: get acquainted with
the task for laboratory work; Perform lab work using the VL environment change the modeling
parameters of processes, objects, phenomena presented in VL; View simulation results in a VL
environment save simulation results with the possibility of further viewing in the VL environment.
Functional requirements for the “Student” subsystem of the SHOULD category: save the task for
laboratory work as a separate file; print a lab assignment; Perform individual pieces of lab work using
the VL environment solve / perform laboratory work step by step; print the results of laboratory work
in general. The requirements for saving the simulation results and printing the results of a separate
step in the laboratory work can be classified as COULD.

Functional requirements for the subsystem “Teacher” of the MUST category: view the results of
a student performing a separate laboratory work; View the final results of the student performing the
entire laboratory workshop. The following requirements were assigned to the SHOULD category:
print the final results of a student performing a separate laboratory work; print the final results of the
student performing the entire laboratory workshop. Requirements for changing the source data / task
options for laboratory work, changing the theoretical material used in laboratory work, as well as
generating statistics on laboratory work in the group can be classified as COULD.

Conclusions.

1. The proposed approach to determining the key characteristics of a virtual laboratory does not
depend on the subject area for which the laboratory is being developed. This allows the developer of
a virtual laboratory to abstract from specific processes and objects that are studied in a practical
course. The unification of the content of a virtual laboratory on the basis of only the properties of the
type, variability and method of formation allows you to design virtual laboratories that are different
in cost and complexity of implementation. The results of the analysis of the characteristics of the
content can be used to estimate the cost, timing and risks of a virtual laboratory development project.

2. Analysis of the content and methods of presenting the results of learning activities allow the
project manager not only to assess the amount of work, but also to determine the composition of the
team to substantiate the involvement of various specialists.

3. Regarding the choice of system architecture, the complete "virtualization" of the system is not
always realizable, also sometimes impractical. In choosing some architecture, the developer must
conduct a comprehensive analysis of the factors that can affect the characteristics of the project, and
choose the option, that allows the user to realize maximum goals in the current version.
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4. The functional requirements presented in this paper can use as the basis for drawing up a more
detailed specification that takes into account the specific features of a particular subject area and the
way of implementing a virtual laboratory.
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