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Applying systems methodology of dynamic
modeling to monitoring of students' effective
communication skills

In recent decades monitoring of complex processes developing in
time has been used extensively in research related to the study of natural
processes. However, the monitoring of social, psychological, linguistic,
and other non-visual processes, such as human communication, remains
a new, insufficiently explored, albeit very promising area of research.
Monitoring, i.e. continuous observation of processes with the idea
of evaluating their states and building prognostic scenarios of their
development is applied in cases when researchers need to simultaneously
explore a system of multiple interrelated components, which are affected
by continuous external influences. Human communication represents
exactly this type of a complex, multi-component dynamic system. It
combines a variety of linguistic and extra-linguistic elements [2] and
appears as a repeated sequence of actions [1], which should be studied in
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the development and in the full variety of internal and external influences
on its multiple components. Monitoring of such complex processes
has become possible in recent decades due to the rapid development
of a new scientific methodology of dynamic systems modeling, which
suggests a way build detailed models of communication processes, from
prognostic scenarios of their development, and study reactions of the
models to any external and internal influences. The combined expertise of
psychologists, educators, and linguists about the structure and sequence of
communication process provides information sufficient for representing
the process as a dynamic system; by applying informational technologies
of dynamic modeling, continuous monitoring of the system becomes
possible. The results of such monitoring can be used for development
of new programs as study oriented at students' communication skills
development in the course of their university study.

The research carried out by the faculty of the Department of
Foreign Languages and Translation/Interpreting at the National
Technical University “Kharkiv Polytechnic Institute” was aimed at
applying dynamics modeling methodology to the study of the students'
communication skills development process. It included several steps:

1. Putting together and processing expert information about the
process into a research database in accordance with scientific principles
and concepts of sustainable development [3]. At this step, goals of
communication skills development process were set, a draft verbal model
was developed to unite all components of the communication process
into a system of interrelated elements. A revised program of study was
suggested to the students participating in the experiment; a general
diagram of communication skills monitoring was drafted, and initial
evaluation of the participants' communication ability carried out [1].

2. Building informational technology of the research. At this step, the
process of communication was regarded as a system, containing multiple
linguistic and extralinguistic components. Anticipated connections and
mutual influences between these components were identified by experts;
all information was entered into a diagram [3, 4].

3.Creatingmodelsforsimulation of communicationskillsdevelopment
processes. Multiple simulation experiments were conducted, the results
of simulation experiments were compared to the outcome of classroom
observations.

4. Adaptation of the models: grounding on results of observations,
data assimilation operations were implemented and new prognostic
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scenarios of communication skills development were obtained. Repeated
simulation experiments were followed by model adaptation operations
and resulted in new development scenarios.

5. Summing up the results of the research and building conclusions
regarding application of the scientific methodology of dynamic modeling
to monitoring of students' communication skills development process.

An exceptional role in the research was given to the task of describing
the process of communication and creating a database of expert knowledge
about it. Lists of parameters, characterizing communication process
were put together based on the most recent expert knowledge about the
phenomenon; all parameters were then united into a verbal, and later into
a conceptual (graphical) model of the communication process. During this
stage of research, descriptions of all known linguistic and extralinguistic
parameters influencing the process of communication were performed;
probable factors of influence between the parameters were identified, and
their possible impact on communication skills development processes
were studied. Special attention was given to the problem of description
of pragmalinguistic parameters, such as locutionary, illocutionary and
perlocutionary acts of communication process [1], as well as to the
typology of illocutionary acts and introducing all kinds of speech acts into
the experimental model as the communication process parameters. In the
course of the experiment, conclusions were made regarding entering a
maximum number of factors characterizing the process of communication
itself, as well as about entering a number of factors, potentially capable
of influencing the efficiency of the skills development process. Thus,
the expert knowledge about the process of communication itself was
enriched and upgraded by a deeper understanding of the specifics of the
communication skills development process.

Having obtained the most accurate information about the process
of communication, the authors regarded it as a system of interrelated
components and determined the most probable factors of negative
and positive influences between all components of the system. For
example, such extralinguistic factor as emotional tension at the time of
communication has an obvious adverse effect on the ability to speak
logically and conclusively, while in cases of communication in foreign
languages, it can also affect purely linguistic factors, such as the ability
to use correct grammar structures and make the right choices of words.
Further on, in accordance with the general scientific conception of
systems sustainable development, all components of the communication
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process and information about their mutual influences were formalized
(presented in the mathematical form) in a computer-based model, which
produced prognostic development scenarios of the dynamic system of
communication.

Let us note that, for the sake of brevity, we will further use the term
"dynamic system" to identify the development processes within the
studied system. According to the requirements of the system conception of
sustainable development, in the schematic representation, the monitored
dynamic system must be located between the blocks of "development
goals" and "possible scenarios", as shown in Fig. 1.

DEVELOPMENT GOALS

l
INFORMATION ABOUT THE SYSTEM

!
CONCEPTUAL MODEL OF THE SYSTEM

l
ANALYSIS OF KNOWLEDGE ABOUT THE SYSTEM

l
FORMAL MODEL

l
POSSIBLE DEVELOPMENT SCENARIOS

!
SELECTION OF SCENARIO(S)

Fig. 1. A dynamic model of the system

It is necessary to say a few words about describing the system of
communication skills development and about further transformation of
this information into a model. There are three most widely used ways of
describing systems: a verbal method (verbal description), a conceptual
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method (a graphicimage, a diagram), and a formal method (by presenting
information as a system of mathematical equations) [3, 4, 5]. Each of
these descriptions provides a corresponding model of a system. The
conceptual model of the system of communication skills development
was built on the basis of the verbal description of components and steps
of the communication process, and the research goals which were set at a
certain point in the process. Therefore, the process of obtaining possible
scenarios of communication skills development included consistent use
of all three description methods in the monitored system. This is shown
in picture 1, where the block «Information about the system» implies
its verbal description. Let us also stress the importance of the dynamic
model for monitoring of communication skills development. It allowed
the authors to simulate various scenarios of the process, which provided
opportunities for choosing one of possible development scenarios and
made further monitoring of the system's states possible. This is why
special attention was paid to making certain that the dynamic model was
adequate to the real processes taking place in the communication process.
To test the adequacy of the model, regular experiments were conducted
to compare the model scenarios derived from observational data with
actual classroom communication scenarios. In addition to this, the data
obtained during classroom observations were entered into the model on
the regular basis and used as initial conditions for the further projections.

The process of the students' communication skills development took
place under the constant expert supervision and was accompanied by
obtaining of data during classroom communication and their submission
into the computer-based dynamic model (the so-called model adaptation
operations), which allowed the authors to come up with new prognostic
scenarios of the communication skills development process. This part
of the research took place in the block «Systems states monitoring», as
shown in picture 2. The data resulting from observations of the students'
communicative activity were received in the block "Data assimilation". The
assimilation of observational data opened a way to use the methodology of
dynamic modeling for providing the most realistic diagnosis of the states
of the system. The accuracy evaluation of the model scenarios, developed
from observational data, made it possible to vary the coefficients of the
dynamic model so that the forecast errors were minimized. The adaptation
of the prognostic scenarios to the actual processes of communication
skills development was carried out simultaneously with the changes in
the actual structure of the dynamic system.
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SYSTEM'S STATES MONITORING

!
OBSERVATIONAL DATA

|
DATA ASSIMILATION

!
PREDICTION ERRORS

|
MODEL ADAPTATION

|
DYNAMIC MODEL

!
POSSIBLE SCENARIOS

!
NEW DATA ASSIMILATION

Pic. 2. Dynamic model adaptation

The skillful participants of an effective communication process are
supposed to use all available linguistic and extra-linguistic means to
achieve the anticipated goals of communication [3]. At the same time, the
communication process will only be regarded effective when both sides
of the dialogue decode the meanings of what has been said correctly
and distortion of the meaning remains minimal [1]. To carry out such
communication, interaction dynamics of numerous non-visual factors
must be taken into account. Factors like individual characteristics of
the participants (their age, social status, sex, occupation, interests, etc.),
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the spatiotemporal characteristics of the communication process, as
well as the cultural aspect, the ability to listen and to hear each other,
a set of communication strategies, compliance with general ethics
of communication, and a variety of other influential factors [1] were
identified, analysed, and entered into the dynamic model of the system.
To set up the work of the formalized model, each component of the
system was assigned a numerical coefficient corresponding to the degree
of its anticipated influence on other components of the system; depending
on the character of the anticipated (positive or negative) impact, every
parameter acquired a mathematical sign (positive or negative) in the
formal model. Thus, the conceptual model, and later the formal model,
united all possible internal influence factors, describing the positive
and negative impact of various system's components on each other. The
application of a systems dynamics method of the adaptive balance of
clauses (ABC-method) [4] allows taking into account external influences
on the states of the model. The factors of external influence which impact
the process of communication skills development was also identified and
studied within the dynamic system.

Monitoring of communication skills development system allowed
the authors to collect very valuable information, which will become the
subject of scientific discussion in our further publications. In general, it
should be noted that monitoring of complex dynamic systems, such as
the system of communication skills development, requires combined
expertise of several fields of science and includes three main tasks:

1. Building conceptual (graphical) models of the system on the
grounds of dynamic systems modeling methodology [5].

2. Formalization of conceptual models, i.e. submission of necessary data
into a computer program which is capable of processing large amounts of
information and building dynamic scenarios of the system's behavior [4].

3. Creating an informational technology as the methodological
background of the system's monitoring process. The methodology used
for building conceptual models is based on the principles of systems
analysis [5]. The stage of conceptual modeling involves a thorough
analysis of cause-effect relations between components of the system,
which is followed by formalizing of the model by a relatively simple
mathematical method of the adaptive balance of clauses (ABC-method)
[3]. This step was performed within a computer program.

The development of informational technology required repetitive
use of dynamic modeling methodology, as it involved the repeated
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adaptation of prognostic models to the results of real-time observations
[3]. These operations were applied for the first time to the research of such
a complex, non-visual process as human communication.

In conclusion, it should be noted that this publication is only a
brief example of applying dynamic modeling to the study of complex
intellectual, psychological, educational and linguistic processes. Currently,
the authors are preparing the database for the building of conceptual
models to study intonation flow and perform sentiment analysis of texts;
another perspective area of research is monitoring of speech patterns and
clichés, used by the students during communication in foreign languages.
In further research, the methodological framework of the research will
also be expanded.
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AHTOHIHA BAAAH, IPMMHA TMMYEHKO. MoniTopuHr npo-
necy ¢popmyBaHHs HaBMYOK edeKTHMBHOI KOMYHiKaIlii y cTy-
AeHTiB i3 3acTOCYyBaHHSIM MeTOAOAOTii MOAeAIOBaHHSI AMTHaAMi1I-
HUX cucteM. Mownimopunz npovecy popmysarts HAGUUOK ePeKmusHoi
KOMYHIKAUIT 6nepute nposedeHutl i3 3acmocysanHiIM 3a2AA0HOHAYK060T
MemodoA0zii QUHAMIUHO20 MOODeAtosants cucmem. inzeicmuuni ma
eKCMPANIHIGICMUNHT  XAPAKMePpUCmMuKy  npoyecy Popmysants HAGU-
YoK ePeKMuUEHOT KOMYHIKAUTT PO3ZAAHYMI 4K OUHAMIYHA CUCTEMA, W0
00'e0nye OesAit 63aeM0n06’ A3aHUX KoMnonenmis. Onucaro emanu 00CAi-
OoKeHs, 3anponoHo6ao iHPopManitiiy mexHoA02i10 MOJeAI06AHHS, NpPo-
6edeHo WUCAeHHT excnepuMenmu ceped cmydenmis 6.1.3., NidmeepoxkeHo
edpexmueHicmb MOHIMOPUHZY HASUUOK KOMYHIKAUTT i3 3ACMOCYSAHHAM
302AbHOHAYUHOT MEMO00A02iT MOOCAIOBAHHS OUHAMIUHUX CUCTHEM.
Katouosi caosa: nasuuku eekmueor KomyHikauii; MoOeA106aHs npo-
ecy KOMYHIKALil; iHPOpMAaiiHa MexHOA02is, OUHAMIYHE MOOCAOBAMHHSL,
MOHIMOPUHZ Npoyecy KOMYHIKAL .
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AHTOHMHA BAJAH, MPMHA TVMMYEHKO. MoHUTOPMHT
nporecca GpOpMIPOBaHNS HaBBIKOB 9¢PeKTUBHOV KOMMYHI-
KaIum y CTyA€HTOB ¢ IpMMeHeHIIeM MeTOA0 0TI MOJeANPO-
BaHNsI AVMHAMUYeCKUX cucreM. Monumopunz npouecca $opmupo-
6AHUSL HAGLIKO6 IPPHeKMUSHOT KOMMYHUKALUL 611ep6ble OCYULeCTEAEH C
npumereruem 00WeHAYUHO Memo00N0ZUY MOOCAUPOSAHUS JUHAMUYe-
ckux cucmem. Aunzsucmuieckue u IKCMpPArUHZGUCTIUYECKUe XapaKiTe-
pucmuKy npouecca GopMuposarius Hasorkos IPPHexmusHoil KoMMyHUKa-
UUU paACCMOMpPeHdl KAK CAOKHAS OuHAMUUeCKas cucmema, 00veduHio-
uLas MHOKECMe0 63aUMOCEA3AHLLX KoMnoHernos. Onucarovl amanvl ucc-
Ae006aHsl, NpedA0KeHa UHPOPMAUYUOHHAS MeXHON0ZUS MOJCAUPOSAHUSL,
nposedervl. MHOZOUUCACHHbIE IKCHePUMEHIbL 6 cpede CIYOeHINo6 6Y3d,
noomeepxoena IPPexmusHocmb MOHUMOPUH2A HAGLIKOE KOMMYHUKA-
YUl C NOMOULLIO 00ULeHAYHHOU MEMOJOA0ZUL MOOCAUPOSAHUS OUHAMU-
YeCKUX CUCIIEM.

Karouesvte crosa: nasviku a@@hexmusHott KOMMYHUKAUUL, MOJCAUPO-
6anue npouecca KOMMYHUKAUUL, UHGOPMALUOHHAS MEXHOA0US, UHA-
MUUeckoe MOJeAUPOSAH e, MOHUTNOPUHZ NPOLECCa KOMMYHUKAUUU.

ANTONINA BADAN, IRYNA TYMCHENKO. Applying systems
methodology of dynamic modeling to monitoring of students’
effective communication skills. Monitoring of effective communication
skills is performed for the first time with the use of systems dynamics
methodology of modeling. Linguistics and extralinguistic characteristics
of the communication skills development process are considered as a
complex dynamic system that combines multiple interrelated components.
The informational technology of modeling is suggested, stages of research
identified, simulation experiments performed among university students,
the effectiveness of applying the methodology to effective communication
skills monitoring are confirmed.

Key words: effective communication skills, communication process
simulation, informational technology, dynamic modeling, communication
skills monitoring.
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