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Background. The effectiveness of functioning is a particularly important characteristic for organizations involved in the
field of science and education, since the future level of state development and the life of its citizens depends on the quality of
the services they provide. There are certain generally accepted principles of such organizations evaluation that is set by
relevant normative documents. Nowadays important tasks are optimization and automatization of such processes.

Objective. The aim of the paper is to propose and develop a workflow model for automating and optimizing the procedure

for evaluating scientific and educational institutions.

Methods. We use approaches to business process modelling and basic principles of workflow modelling, namely BPMN
notation was chosen as the notation to model elements of workflows for assessing the quality of scientific and educational
institutions functioning, and Camunda Modeler was used as the development environment.

Results. Conceptual model of the work process for assessing the quality of scientific and educational institutions
functioning was proposed, which made it possible to generalize and formalize such an assessment process. Developed using
BPMN models of workflow were used to test proposed conceptual model and prove its effectiveness for automating the
process of assessing the quality of scientific and educational institutions functioning.

Conclusions. Mechanism of modelling the process of assessing the quality of scientific and educational institutions
functioning proposed in the paper gave basis and means for such process optimization and automatization.
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Introduction
Nowadays, there are a large number of public and

private institutions that provide services in various
spheres of society's life. The demand for such
institutions directly depends on the efficiency of their
functioning. The effectiveness of functioning is a
particularly important characteristic for organizations
involved in the field of science and education, since the
future level of development of the state and the life of
its citizens depends on the quality of the services they
provide. That is why today there are certain generally
accepted principles of evaluation of such organizations.
The process of such an expert assessment is given and
approved in the relevant normative documents. At the
moment, there is a need for solved problems of
optimizing the use of labour in organizations that
accredit state scientific structures. Optimization of such
processes will help to evenly divide official duties and
algorithmize the structure of work.

To solve this problem, the work proposes a method
of optimization
accreditation of scientific institutions. The proposed

and automation of work on

model of the workflows will increase the effectiveness
of the assessment of the quality of the functioning of
scientific and educational institutions. The final model
can be adjusted and appropriate technical solutions can
be chosen for its implementation.

The main goal of the study was to propose and
develop a workflow model for automating and
optimizing the procedure for evaluating scientific
institutions, namely:

1. To conduct an overview of the methods and
means of modelling workflows.

2. Conduct a comparative analysis of workflow
simulation tools.

3. Identify the characteristic features of the process
of assessing the quality of functioning of scientific and
educational institutions.

4. To highlight and describe the elements and stages
of the workflow of the functioning of scientific and
educational institutions.

5. To propose a workflow process for assessing the
quality of functioning of scientific and educational
institutions.

© The Author(s) 2023. Published by Igor Sikorsky Kyiv Polytechnic Institute.
This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits re-use,
distribution, and reproduction in any medium, provided the original work is properly cited.

61



62 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 14 NUMBER 2 JULY-DECEMBER 2023

6. Model the workflow of assessing the quality of
functioning of scientific and educational institutions in
the appropriate software environment.

Concept of workflows

Workflow is a scheme for organizing the sequence
of tasks within a single service provided to end users
[1]. Such a scheme is aimed at simplifying and
accelerating (mainly) common business processes that
are repeated and have a clear execution structure, such
processes can be automated using the Workflow
method, for example: bill payment, purchase of goods,
processing of an incoming request from a client.

A workflow may include associated computing sub-
processes, information dependencies, decision-making
sequence, performing some calculations [2, 3].

The route of the workflows or its part in most
programs is presented in the form of a graphic block
diagram. Responsible employees and managers monitor
the flow of work and can trace at which stage delays
most often occur and which of the chain participants
really slows down the process. The system itself
temporary tasks are
highlighted, trigger pop-ups with reminders, or inform
the initiator of the issue. At the same time, the system

monitors limits. Overdue

can analyse indicators and indicate abnormal indicators.

When setting up the algorithms in the program, it is
important to remember that the automation of the
process does not happen immediately, and you need to
allocate time to develop an algorithm that will work
effectively. Despite the fact that only those business
processes that are allocated and structured can be
automated using workflow technology, the transfer of
the structure to the system settings requires the
participation of all responsible employees and
management staff [4].

Overview of approaches to workflows automation
in information systems
To display the flow of work, a block diagram or a
graph is used, which consists of operations (functional
services), logic symbols, and the
connections [3, 5]. The sequence of calculations is
indicated by arrows between blocks of operations.
Workflow (from an information point of view) is a way

structure of

of presenting information to various objects of the work
process that participate in it directly or indirectly.

Typically, a workflow model can be described using
the formal or informal techniques of flowcharts, which
show directed flows between processing steps.

Business process models can be hierarchical because
the operations in the model can be described in terms of
a more detailed process (specification, concept),
commonly known as decomposition.

Processing steps or workflow components can be
basically defined by three parameters [6]:

— Input
resources required for the workflow.

— Transformation rules: algorithms that can be
executed by a human, a program, or both.

— Output data
resources processed by the workflow and ready for
transfer to subsequent services.

Components can be combined only if the output
information of one component corresponds to the input
information of the next component and also satisfies the
conditions of the subject area.

Thus, the semantic description must necessarily
include a description of the input and output data and a
meta-description of the functional services performed in
this workflow [7].

If there are several methods (functional services) of
processing the same data, then you need to add a meta-
description of the algorithms that perform a given
function, and it is also desirable to specify the
characteristics of the performance of the given
functions, such as: accuracy, speed, and others.

This is due to the fact that the information operated
by the workflows is weakly connected and differently

Description:  Information, data and

description:  information, and

structured and can be processed by different methods
depending on the characteristics of the input data flow.
But from the point of view of data processing, the
information needs to be structured and the system
trained on specific data to be able to use different
methods more effectively.

Table 1 shows approaches that are used when
modelling methods of business processes. They are
classified according to three main perspectives of work
processes.
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Table 1. Approaches to modelling work processes

| Control-flow perspective ] Data perspective ] Resource perspective |

BPMN
UML Activity Diagrams
Petri nets
State charts
EPCs

Use cases
Role-activity diagrams
Organizational charts
X.500

UML class diagrams
ER diagrams
Object-role models

The most common methods for modelling work
processes are:
— Petri nets
— Workflow nets
— EPCs
— BPMN notation
Table 2. Methods of modelling workflows

= = = =

Petri
+ + +-
Workflow
+ +-
EPCs
+ + + +
BPMN

Table 2 schematically presents a comparative
analysis of the methods used in the modelling of
workflows. The comparison was made according to the
following criteria:

1. A set of logical operations used during simulation

2. Temporal determinism

3. A set of formal constructions used in modelling

4. Relevance of using the method

Thus, as can be seen from the table. 2, the BPMN
notation satisfies the largest number of criteria.
Therefore, it was chosen as the for the
development of a work process model for assessing the
quality of functioning of scientific and educational
institutions. It is the BPMN notation that demonstrates
the deep integration of the workflow development
environment and has a large set of objects for
describing the workflow.

basis

A model of the workflows for assessing the
quality of functioning of scientific and educational
institutions

The process of assessing the quality of the
functioning of institutions in Ukraine is regulated by
three national regulatory documents:

— «Regulations on state certification of research
(scientific and technical) institutionsy,

— «Methodology for optimization of budgetary
scientific institutions, that are fully or partially financed
from the state budget»

— «The procedure for evaluating the development
of the activity of a scientific institution, approved by the
Cabinet of Ministers of Ukrainey.

Characteristic features of the procedure for assessing
the quality of the functioning of scientific and
educational institutions are its complex structure, multi-
stage nature and the presence of a large number of
objects and subjects that participate in such an
assessment. Such features must be taken into account in
the  corresponding
Accordingly, in the work process of assessing the
quality of functioning of scientific and educational
institutions, the following main points were highlighted:

— Workflow objects
— stages of the workflow
— elements of the workflow

In the procedure for assessing the quality of
functioning of scientific and educational institutions,
described in documents [8], these entities correspond

formalized  work  process.

to:

— elements of the workflow — structures that take
part in the evaluation procedure (Presidium of the
National Academy of Sciences of Ukraine, Standing
Commission of the National Academy of Sciences of
Ukraine for the Evaluation of the Performance of
Institutions (SC), Standing Commissions for Scientific
Areas (SCSA), Expert Commissions (EC), Office for
the Evaluation of Scientific Activities institutions,
Object of evaluation: scientific or educational
institution - here in after the Institution). The
corresponding listed elements are closely related by the
sequence of interactions at different stages of the
assessment procedure.

— objects of the workflow — documents (documents
of external circulation: recommended lists, reports on
work performed and documents of internal circulation:
regulated questionnaires for evaluation), presentations,
databases.

— stages of the workflows — direct stages of the
procedure, specified by

assessment which are
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regulatory documents. The procedure for evaluating the
Institution's activity consists of three stages.

1. At the first stage, the EC gets to know the
Institution's activities, analyses its questionnaire and the
objectivity of the materials provided by it, conducts
interviews with the Institution's employees. Based on
this and in accordance with the evaluation regulations,
the EC draws up its conclusion within two weeks from
the date of the visit and submits it together with the
questionnaire of the institution to the SCSA.

2. At the second stage, based on the materials
received from the EC and their analysis, the SCSA
prepares a presentation on the activities of the
Institution, the draft of which is agreed with the EC and
submitted to the Institution for perusal.

The task of the presentation is to provide a concise
and objective assessment of the activities of the
SCSA transmits the
conclusion of the EC to the Institution.

Institution and its divisions.

After reading the conclusion, the Institution submits
its statement to the SCSA regarding the conclusion of
the EC. On the basis of the conclusion of the EC and
the application of the SCSA Institution prepares a draft
report on the evaluation of the effectiveness of the
Institution's activities and recommendations on its

Using all identified and described elements we have
designed Conceptual model of the workflow for
assessing the quality of functioning of scientific and
educational institutions.

The conceptual model does not correspond to any

notation, and is designed for a structural representation
of the work of the finished system. In this model, it is
assumed that all subjects interact within one web
resource (information environment).

The process corresponds to the general flow of
workflow actions, i.e. it does not display additional
structures (sub-processes). Also, the problem of such a
display is that it is poorly structured and lacks a clear
division into stages. This is due to the fact that if you
consider all sub-processes not separately, but on the
general scheme, then it will be too large, overloaded
and difficult to perceive. Such a conceptual model is the
first step in the modelling of work processes, it is the
basis for the development of work process diagrams
using appropriate notations.

further activities for the SC. SCSA submits to the SC:
the conclusion of the EC, the questionnaire the
evaluation package and the statement of the Institution,
the presentation of SCSA, the draft report of the SC and
recommendations.

3. At the third stage, on the basis of the materials
received from the SCSA and their analysis, the SC
considers a draft report on the evaluation of the
effectiveness of the Institution and after consulting with
the SCSA and, if necessary, with the EC, approves it
with the subsequent submission of such a report and
recommendations for further activities of the Institution
to the Presidium of the National Academy of Sciences
of Ukraine. The SC publishes on the web portal of the
National Academy of Sciences of Ukraine: a certificate
on the assessment of the effectiveness of the
Institution's activities; presentation of the Institution.
All parties involved in the evaluation procedure must
maintain confidentiality until the relevant materials are
made public.

4. On the basis of the considered stages of the
assessment process and the elements that participate in
it, a conceptual model of the workflow of assessing the
quality of the functioning of scientific and educational
developed.

nstitutions was

Modelling the workflow of assessing the
quality of functioning of scientific and educational
institutions

The BPMN notation was chosen as the notation for
modelling the workflows of assessing the quality of
functioning of scientific and educational institutions,
and Camunda Modeler was used as the development
[9]. Camunda Modeler is a BPM
environment for automating workflows. Its advantages
include [10]:

— The open code allows you to clearly understand
how the software works, and the documentation allows
you to quickly understand how to integrate the engine
into your infrastructure.

— Camunda supports the latest version of Java, or
indeed any JVM language.

— Architecture inside - the engine does what is
expected of it in the most obvious and expected way.
There are no extra abstractions to learn.

environment
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— Convenience of development, testing and
embedding in CI \ CD due to the fact that Camunda can
be used simply as a library in a Java application.
Camunda does not limit the developer with any of its
terms.

— Statistical analysers, test frameworks, assembly
tools, version control tools.

The developed workflows models (Fig. 1, Fig. 2) for

quality assessments of scientific and educational

institutions functioning allow to automate the procedure
of such an assessment, increasing the efficiency of its
execution, due to the reduction of time for its
implementation, and also provide the possibility of
integrating the received data from BPMN notation into
third-party applications and information systems in an
automatic format.

Interim conclusions
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Conclusions

In the paper characteristic features of the procedure
for assessing the quality of the functioning of scientific
and educational institutions were identified and the key
stages of such a process were formed. On this basis a
conceptual model of the work process for assessing the
quality of scientific and educational institutions
functioning was proposed. Such an approach made it
possible to generalize and formalize such a assessment
process.

Workflow modelling was carried out in the
Camunda Modeler software environment based on
approaches to modelling work processes defined by the
BPMN notation, which made it possible to test the
proposed conceptual model and prove its effectiveness
for automating the process of assessing the quality of

scientific and educational institutions functioning.
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Hogozpyocvka P.JL., Cimenc E., Ilionedvecnuii A.B., Illenecm €.B.
ABTOMAaTH30BaHi podoyi npouecu oUiHKH AKOCTI PYHKIIOHYBAHHS HAYKOBHMX Ta OCBITHIX YCTAaHOB
AKTyalbHicTh. EQexTuBHICTh (YHKIIOHYBaHHS € OCOOJNMBO BaKIMBOK XapaKTEPUCTHKOK JUIS OpraHi3aiii, o

NPT Y cepi HAyKh Ta OCBITH, OCKITBKHU BiJl IKOCTI TIOCHYT, SIKi BOHH HAJIAl0Th, 3AJICKUTh MAHOYTHIN piBEHb PO3BUTKY
JepKaBy Ta XKUTTA 1I TpoMaisH. [CHYIOTh NeBHI 3arajJbHONPHUIHATI PHHIMITK OLIHKM TaKWX OpraHi3alii, sKi BCTAHOBIEHI
BiJITOBIJIHUIMH HOPMATUBHUMH JIOKYMEHTaMHU. AKTYaJbHUMH 3aBJaHHSIMH Ha ChOTOJ/IHI € ONTHMI3allisi T ABTOMATH3AIlisl TAKUX
TPOTIECIB.

Meta. Meta poOOTH — 3ampONOHYBATH Ta PO3POOMTH PoOOYY MOJENb s aBTOMATH3allil Ta ONTHMI3alii MpolexypH
OITIHIOBaHHS HAYKOBHUX 1 OCBITHIX YCTaHOB.

MeToan. Mu BUKOPUCTOBYEMO TILIXOH IO MOJICTIOBAHHS Oi3HEC-TPOIIECIB Ta 0A30Bi MPUHIUIHE MOJICTIOBAHHS POOOUHX
NpoIIeciB, a came B SKOCTI HOTAIil JUIi MOJETIOBAHHS €JIEMEHTIB POOOUYMX MPOIECIB Ui OLIHKH SIKOCTI (DYHKI[IOHYBaHHS
HayKOBHUX Ta OCBITHIX 3aKnafiB Oymno oopano HoTamito BPMN, a cepenosmme po3podxn — Camunda Modeler.

Pe3yabTaTu. 3anmpornoHOBaHO KOHIENTYaJIbHY MOJENb POOOYOTr0 TMpPOIECY OIMHKKM SKOCTI (DYHKIIOHYBaHHS HAyKOBO-
OCBITHIX 3aKJIaJliB, 10 JaJI0 3MOTY y3arajJbHATH Ta (HOpMani3yBaTH TaKWid MpOIEC OMiHKK. Po3poOieHi 3 BUKOPUCTAHHIM
BPMN wmoneni wokflow Oymi BUKOpUCTaHI sl TECTYBAaHHS 3allpOIIOHOBAHOI KOHIICNITYaJdbHOI MOJENI Ta NOBENEHHS il
e(eKTUBHOCTI /ISl aBTOMATHU3AIlii TPOIECY OIHKK SKOCTI (DYHKI[IOHYBaHHS HAYKOBHUX 1 OCBITHIX YCTaHOB.

BucnoBkH. 3anporoHoBaHui y poOOTI MEXaHi3M MOJICITFOBAHHS MPOIIECY OI[IHIOBAHHS SKOCTI (PYHKIIIOHYBaHHS HayKOBO-
OCBITHIX 3aKJIa/IiB IaB OCHOBY Ta 3aCO0M /IS ONTHMI3allii Ta aBTOMATH3aIlil TAKOTO TPOIIECY.

Knrouosi cnosa: poboui npoyecu,; oyinka aKocmi; HAYK08i ma HAYaIvbHi 3ak1aou; modeis BPMN.



