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Anomauia. Y cmammi pozensdacmocs Oi3Hec-yeHmMp npu yHigepcumemi K Mexanizm nepeoavi HOBUX
HAYKOEMHUX mexHoNozitl npomuciosocmi. Jns | T-komnaniti npononyiomscs yomupu euou iHcmpymenma-
JIbHO20 GUPTWEHHS NOCMABNEHUX 3A80AHb, ceped AKUX nobyoosa mooeni komnemenyii komnanii. Chopmy-
bOBAHO KoHyenyii cmeopenns mooeni komnemenyii Start-Upi Spin-Offkomnanii. Pospobreno komniek-
cHUll aneopumm hopmysanns mooeni komnemenyii Start-Upxomnanii, wo micmums mamemamuyne mo-
0en08aHHs. NPoYecy HAGUAHHS 34 OONOMO20I0 KOSHIMUBHUX KAPM, WO 00380JIA€ ONMUMIZY8amu npoyec
Gopmyeanns KomnemeHyil, areopUmM GUAGIEHHS NEPENiKy HAUDLIbUW 3aNUMANHUX KOMNEeMEeHYIll Ha OCHOBL
Memoody NapHux NOPIGHAHL, OYIHKY CIMAHY KOMNEMeHYii Ha NOMOYHULL MOMEHM Yacy, GUKOPUCHOBYIOUU
MAaKi Xapaxmepucmuxu, K pisens Gopmysans KoMnemeHyil, pieeHb 6K1a0y OUCYUNTIHU 8 KOMNemeH-
yiro, smpamu KomMnemeHyii.

Knwouosi cnosa. 6iznec-yenmp, Start-Upi Spin-Offkomnanii, modemosannus xomnemenyii, ancopumm,
MOHIMOpUHE PigHs KOMNEeMeHYill, KOZHIMUBHA MOOElb.

Annomauyusn. B cmamve paccmampusaemcst Ouznec-yenmp npu yHugepcumeme Kak Mexanu3m nepeoaiu
HOBbIX HAYKOEMKUX MexHoNo2ull npomviunennocmu. /s | T-komnanuii npednazaromes uemoipe 6uoa uH-
CMPYMEHMANbHO2O peueHUsi NOCMABIEHHBIX 3a0ad, Cpeou KOMOopblX NOCMpPOeHUue Mooeell KOMNemeHyuu
komnanuu. Chopmynuposanvl kKonyenyuu cozoanus modenu komnemenyuu Start-Upu Spin-Off komna-
Huti. Paspaboman xomnnexcrolii aneopumm ghopmuposanus mooenu xomnemenyuu Start-Upxomnanuu,
BKAIOYAIOWUL MAMeMaMU4ecKoe MOOeIUPOBaHUe npoyecca 0OVYeHUs ¢ NOMOWbBIO KOSHUMUBHBIX Kapml,
nO380JIsI0Wee ONMUMUUPOBANb NPOYECC DOPMUPOBANUS KOMNEMEHYULL;, AT20PUMM BbISGILEHUs NePeyHts
Haubonee 80CmMpebOBANHBIX KOMNEMEHYUL HA OCHO8E MeMOOd NAPHBIX CPAGHEHULL;, OYEHKY COCMOSIHUSL KOM-
nemeHyuu Ha MeKyWUuLL MOMEHm 8peMeHU, UCNOIb3Ys MAKue XapaKmepucmuki, KaxK ypoeeHs Gopmuposa-
HUsL KOMREMeHYUll, VPOBeHb GKIA0A OUCYUNIUHBL 8 KOMREMEHYUIO, NOMepU KOMNEMEeHYUU.

Knioueswie cnosa: ousnec-yenmp, Start-Upu Spin-Offkomnanuu, mooeruposanue xomnemenyuu, aneo-
pUmm, MOHUMOPUHE YPOBHS KOMNEMEHYUIl, KOCHUMUBHASL MOOEb.

Abstract. This paper discusses the business center at tliergity as a mechanism for the transfer of new
technology to industry. There are four types ofgqwoposed for IT-companies, among which the con-
struction of models of competence. The conceptcohgpetence model Start-Up and Spin-Off companies
is formulated.An algorithm of a model of competence forming fiart8Jp-companies is developed. It
includes: mathematical modeling of the processafring through cognitive maps, thus optimizing the
process of formation of competence; detection @gar list of the most sought-after competenciestas
on the method of paired comparisons; assessmeauaingpetence at the current time using features agch
the level of formation of competences, the levaloaftribution to the discipline of competence, los
competence.

Keywords: business center, Start-Up and Spin-Off-compam@spetency modeling, algorithm, monitor-
ing the level of competence, cognitive model.
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1. The problem statement

At the stage of globalization and European integnabf multilateral economic relations new
benchmarks in the process of interaction betweewvetsities and enterprises are forming. The
experience of western universities can play thetnmportant part, since there were almost no
research of cooperation between universities ater@ses in Ukraine [1].

Studies of such foreign scientists as S. LangeA2J,ormasov [3], H. Edmondson [4] are
devoted to the problem of the interaction betwewlustry and universities. In this studies were
developed theoretical and methodological aspecte@peration, incentive and motivational fac-
tors were analyzed in detail. Only small amounsaéntific studies in this direction are carried
in Ukraine. In most cases, they have the charaftstatement and analysis of the problem at the
present stage of socio-economic development otdumtry [5, 6]. However, to date there are
examples of solutions to this problem, in particidmce 2012 S. Kharchenko, V. Sklar are ac-
tively promoting the theme of University-Businessoperation (UBC) [7, 8].

Many universities use business centers as a mexthdar the transfer of new technology
to industry. The main purpose is to create techgietothat provide progress and implementation
of innovations of the university science in indysto develop a management system of maturity
of Start-Up-companies in the business center apgatitools for maturity management of the
Start-Up-companies in the business center.

For IT-companies we propose four types of toolsdiwe this problem:

1) “calculator” to assess the advisability of cregithe Start-Up-company;

2) simulation model development process, basednenod the selected models of soft-
ware lifecycle;

3) the model of competence of the Start-Up-company;

4) “calculators” which are assessing the level afumty of the company's aggregate indi-
cators based on the five-level evaluation modehafurity.

Topicality of creating these tools is not only ceated with the problem of transfer tech-
nology from the university environment to the inblysBut also in the growing needs of large
IT-companies in carrying out diagnostics of bussngcesses of its customers, in the creation of
complete and non contradictory business proces®indor the purpose of optimizing the func-
tioning of the company.

The purpose of this article is the creation of thels for assessing the state of IT-
company, patronized by the business center at nheensity, the model of competence of the
Start-Up-company in particular.

Competence Model of the Start-Up-company is a dasmn in the prescribed form of in-
dicators, characterizing the required level ofdéselopment. When hiring new employees, com-
petence model allows you to choose exactly thoggames that are necessary for the organiza-
tion at this stage of its life cycle.

The result of the process of creating a competemug#el are competence profiles, devel-
oped to determine the actual level and the levétnoiwledge, skills (competences), which are
required for specialists in Start-Up and Spin-Gifapanies. It can be effectively used not only to
check the current level, but also to form a plan goofessional development and monitoring
process. Competence profile is a list of competanttiat belong® a particular company. It de-
fines not only what is expected of employees, Isd bow they should act. Development of pro-
files is a good way to test and adjust competenadem and also for obtaining Start-Up — Uni-
versity feedback.

2. Development of an integrated algorithm of formiig a competence model

Effective mechanism to ensure the high qualityhef flearning process is the involvement of stu-
dents in the Start-Up company work that makes #&sfme to directly observe the company-
university feedback.
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To improve quality of the specialist training irew of the Educational qualification cha-
racteristic (EQC) and Start-Up-companies requirdméns necessary to develop a complex al-
gorithm of forming a competence model, which wiibyide an opportunity to overcome the dis-
advantages existing today in the specialist prejoera

— lack of interaction between the university andlistry;

— lack of information about the influence of didsips on the competences formation;

— errors during the formation of the sequence wdlyghg disciplines and appointment of
the number of credit units;

— lack of tools to assess the level of competencmdtion and level of preparedness of
work in the Start-Up-company.

Analysis results of modeling allow making adjustitseto the processes of formation and
evaluation of competences, improving the educasidmeduling algorithm and monitoring the
development of competences, organization procesedearning and the process of establishing
Start-Up-company, thus providing an opportunityntrease the competence of graduates.

Consider the basic steps of a complex algorithrfowhing a competence model, a block
diagram is shown in fig. 1.

Stage 1. Formation of Start-Up-companies competpraide.

2.1. Creating a team of experts to compile competgofile of the Start-Up company
that uses an interrogation of three groups of dgfexperienced teachers of the various cycles,
potential employers, experts from leading compaaigs organizations requiring qualified spe-
cialists of this area of training, representatieéshe university administration, working in their
specialty graduates).

Table 1. Matrix matching competencies and discgdin

Competence Disciplines The num-
ber of dis-
ciplines
involved in
the forma-
tion of the
i -th com-
petence

S S, S, S
C, Competence
C, formed
C Card is of the -th C! Competence
In about j -th
C discipline

The number

of competen-

cies, formed

in about j -th

discipline

The concept of competence is defined as the aldigpply knowledge skills and person-
al qualities to be successful in a particular field
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Creating a team of experts to profile competendieq
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> Building cognitive competency model
v
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» Education
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Analysis of the
possible reasons fg
the low level of
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The results
satisfy a certain
level

The results satisfy
certain level

Fig. 1. Block diagram of the complex algorithm ofrhing a competency model of a Start-Up-company
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Competence based on a set of knowledge, skillereqre, but not their totality, because
include the ability of the person receiving edumatio self-learning, creative thinking, orientating
in unusual and problematic issues, changing thimn fof its activities in accordance with the
needs of the labor market.

Thus, competence — is an integrative property,qreilty characteristics, the indicator of
successful activities that provides a person'stalbd realize their potential [9].

For each competency, it is necessary to constriist af disciplines that directly influ-
ence on its formation. For this, we consider thérimaelations between competencies and dis-
ciplines (table 1).

Vertically we arrange the list of competencies &odizontally — the list of disciplines.
When there is a connection between competence iaaiglthe (fig. 1) in the appropriate cell of
the matrix appears part of the compete@¢e(i — number of competence; — number of discip-

line), which is formed within this discipline [10].

Using of this procedure helps to identify competesicformation of which is not ensured
by detail and activity content, or ensured inadég@aith one or two disciplines), or is not sup-
ported by the EPP (educationally professional @mogrpractical unit. In addition, to identify
disciplines, clearly overwhelmed by the amount @inpetences in the formation of which they
participate. Summary sections are entered in thebafar convenience. The final column shows
the number of disciplines. The final line shows tloenber of parts of competences formed in the
discipline. Redundancy of disciplines involved lre tformation of the same competence, as well
as redundancy of competencies formed within a plise complicates the EPP design process
and makes quality control of the educational preeaere difficult in the future [11].

Filling in the matrix should be, if possible, reguenough to ensure the obligatory forma-
tion of the competences in the disciplines’ leagnaycles established by the MES of Ukraine.
The variable component of the disciplinary andwitgticontent should improve the quality of the
distribution of competences in the disciplines aadtions of EPP, take into account the require-
ments of employers, revealed preferences of thertapce of certain competencies.

Regular relationship matrix allows performing labasness distribution by the discip-
lines and practical sections of the EPP, becausdatioriousness in the competence approach
depends on the total performance of the EPP subsethat is the number of competencies and
learning outcomes are formed and developed inLit [1

The completed table illustrates the links betwédendells vertically and horizontally, and
allows you to get the following information: therfmontal line of each competence defines its
content structure: the distribution of competenaggby identified disciplines. This allows de-
veloping a set of key descriptors, each of thenerd@hes target formation of the competence
part within each discipline. This excludes repetis when studying various disciplines, it is
possible to establish interdisciplinary connectidhgs possible to integrate academic disciplines
and to create new courses or other forms of legrautivities. Structuring competence on the
identified disciplines reflects in the passportompetence [10].

A vertical column carries the selection of competes in the formation of which this dis-
cipline is involved. There is coordination betwestndying of the discipline of logic and the logic
of the formation of competencies. Based on the ldpeel competencies maps identified in the
column of discipline, formed the integral targeschiptors, that determine the focus of the educa-
tional process in this subject area.

The proposed procedure finally generates a ligtigfiplines and types of practice, pro-
viding qualitative declared formation of competeascof graduates. To allow performing certifi-
cation of competencies is the most important stegine development of competence-oriented
EPP of the university. Proceed to the developmétiteocurriculum with the distribution of labo-
riousness, taking into account the contributiorath subsection of EPP in the process of form-
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ing the set of competences and work programs efplises, specifically involved in the forma-
tion of competence model of specialist and StareOmpany.

The proposed procedure allows managing the funaoof the educational process, both
in terms of teaching bachelors and masters, andtingdit based on the developed Start-Up —
University feedbacks.

It is possible to carry out the mathematical moaghf the learning process through cog-
nitive maps, thus optimizing the process of compateformation based on building a cognitive
map of competence, which represents the connectimatsoccur between disciplines in the
process of competence.

2.2. Building a cognitive model of competence. Pherequisites for the development of
the IT-specialist's cognitive competence model thee lack of necessary data about the mutual
influence of studied disciplines on each other andthe formation of competence. Cognitive
map — a type of mathematical model that allowsotenlize the description of a complex object,
problem or system functioning and to identify theisture of causal relations between the ele-
ments of the system, a complex object, compondrmtiseoproblem and assess the effects due to
exposure to the elements or change in the natueaifons [10].

Cognitive competence map is represented as a eiteatighted graph. Here is the set of
vertices:

C — competence;

S —disciplines that directly affect the competence;

S — disciplines, that indirectly affect the compeaten

R — the set of edges connecting the disciplines thighcompetence and disciplines be-
tween each other (fig. 2).

/// //, S, Cj
qSk{\Sl // /CISk S: - B rSZ Cj
S as s

qs|:S| \\\qsk S rS G

Fig. 2. Simulation of competence

e — a direct effectp - indirect effect,—~ —link of the direct influence;» — link of the in-
direct influence.

Collection and processing of expert data consisisstages:

1) a survey of experts to form the matrix W, whagtermines the dependence of compe-
tence from various disciplines that are formindirectly:
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Wse Wse Ws e Ws ¢
W, Wsg Ws ¢ Ws ¢
W= ,
Weg  Wse Wse v Wgg
Wsq Wsg Wse Ws ¢

where i 2171, j =1,m, n — the number of disciplines studie®l, m — the number of formed
competencieswg. defined as

1, if S forms C,
W, :
56 {O, otherwise
And the matrixV , defining dependence of disciplin&sfrom discipliness that are indi-
rectly formingC:
V, V,

V. V.

ss Vs, 5S4 5S
Vos Vss, o Vs, o Vg
V =
Vsss Vas, o Vas, o Vss
Vss  Vss, Vss, Vss

wherek =1,1,d =1t, | — number of studied disciplines that affect the discipling, , t — num-
ber of disciplines, directly affecting competence:

1, if s forms §
Voo = _ :
% |0, otherwise

2) experts rank disciplines in order of importané¢heir impact on the competence (dis-
cipline);

3) checking the consistency of expert opinion (glaliton of the concordance coefficient);

4) applying the Fishburne rule for the calculatainweights of influence of the compe-
tence components on its formation.

Because of data processing, the mathandV are converted into the matriR andQ,
which have the influence weight of disciplines bie tompetence and of disciplines on the dis-
cipline:

R=|r

S G

where fsc, — weight of influence of the disciplin§ , which affects the competencg , and:

n

Z rsicj =1,

Q=las ]|
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where s,S, — weight of influence of discipline ;dwhich affects the disciplindt, and:

|
Y88, =1L
k=1

Introduction of weighting coefficients allows us sopplement the constructed compe-
tence model for representing as a directed weigipaph.

The developed model is the basis for compilingdbmmpetence profile and developing its
assessment procedures. Application of methods aghgtheory (Breadth-first traversal, Depth-
first traversal) allows creating a sequence ofwhgldisciplines, which is necessary in the curri-
cula development.

For verification of a competences demand questioemaf the formed experts group are
used. Competences are recommended to combine upg@nd carry out an analysis in each
group. For «Software engineering» specialty sucugs are: general cultural and professional
competence, competence of operational activitiegept and technological activities, organiza-
tional and management activities and experimert®arch activities, marked in EQC [12].

2.3. Checking the integrity of competence. Consilercompetence as a system and enter
its system characteristic as the integrity of cotepee — assessment of influence of a set of dis-
ciplines, making up structure of competence, ofoiation.

The degree of influence of the disciplines on tbmpetence is realized by using the en-
tropy approach. Entropy is understood as a pogygilliegree of control over the competence
formation, taking into account the measure of gisoes influence — magnitudes which values
are in an interval from 0 to 1. It is proposed $e the formulas of calculation the entropy accord-
ing to Shannon for competence:

H=> plog, p,,
i=1

where p; — probability of influence of discipline on compete.
Mutual influence of disciplines on competence:

Hier =Ho—H,

inter

whereH, = Z H,, H, — entropy of disciplinen — the number of disciplines.
i=1
Then, the magnitude of participation of each disogin the formation of competence
a , averaged on all disciplines:

H
a = ————  whereO<a<l.
H 0

Than a is closer to one, that more all set of disciplipasticipates in formation of com-
petence. On the basic of a statistical experimelhewter linguistic classifier, forming threshold
valuesa = 0, § which allows to interpret competence as a “Hifist

2.4. Checking the importance of competence. Exgatd processing is carried out by a
method of pairwise comparisons: in a matrix of wae comparisons, where the preference of
competences is expressed by Boolean variables. gathexpert from k respondents evaluates

the degree of importance of competerfe with magnitudeay (on the scale of Harrington),
each expert’'s assessment of competerafiéise group is described by a mathix

A*=(a))a,
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1 if a; 24,

9 =
where &; {O, it a, <aji.

Matrices of all the experts’ estimates are sumradriz
k
B= ZAQ = (hj )',1,-:1.
i=1

Introduce evaluation matrix group of the importan€eompetences:

A:(éij )2:1’
. _[nithey
wnere g. =
%o, if b <b,

The demand of each competence is determined by atiomof Boolean variables in the
corresponding row of the matrix:
n
D =) 8-
i=1

Vector D =(D, ) is formed, according to the elements of whichlibieof the most de-

manded competences is formed by the majority r@gg;ﬁ{Cl,Cz,...,Cm}, defining priorities

of disciplines in the process of further plannirighee variable part of the main educational pro-
gram.

The result of the first stage is the formation girafile of competences according to the
model, identification of the most demanded compm#sndefinition of the degree completeness
of the disciplines structure, forming competenoepiation of the list of "significant” disciplines.

Stage 2. Research of competence model on the importance dirtiéscip

The importance degree of a discipline is assesswfeintfluence of each discipline on
competence formation. In order to determine theekegf each discipline’s influence the average
degree of the5, discipline influence on the competence is deteeghin

H=H-H,,

Ha = (1B (S),

where H; — average entropy of competence, on condition tifeastate of discipline is fixed,

p.(j) — probability, that thd -th discipline is in thej -th state, considering all chains of influ-
ence.

H,(S)=>_p;logp,,

where H,(S ) — entropy of discipline influence on the competeng, — the probability of dis-

cipline influence, considering each chain of influe. Relative assessment of the influence of the
I -th discipline on the formation of competence:
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where0O< f<1.
The proximity 8 to 1 means a greater influence of a disciplinee Weight of discipline
influence on competence determined by using vafsies

2
2./

wherei — is the number of disciplines that form the cotapee.

On the basis of a statistical experiment introdgdinguistic classifier, forming threshold
£=0,7, which allows to interpret competence as “sigaifitt.

The result of the second stage is the definitiothefinfluence impact of each discipline
on competence.

Stage 3. Assessing of the level of competence formatitime @essibility of participation
in the Start-Up-company at current moment of studying.

The choice of the generalized criterion caused lbjtipte disciplines, which form the
competence and therefore the accumulation of studempetence, is dependent on the points
accumulated in the discipline by student, and te@glt of the discipline influence.

To assess the degree of the competence formaganteégral additive criterion is used:

Be =2 g Db,
i=1

Hs =

where B = (bg ,bg ,...bs ) — vector whose components are the points in theiglines which

are forming the competence.

System characteristics of the competence modetiemrmine the degree of participation
of each discipline for the entire system and getviieights of influence on the competence of the
disciplines wherem — number of disciplines studied at a given tinablg 2).

Table 2. System Specifications competence model

Name Purpose Units of Current Minimum Maximum
measurement  value
The level of | Show the Units of m m m
competence| current status score-rating | B, :ZBCS B.. =28 chaf;ch ’
formation of compe- system = wrllﬂere where
tence and | adopted in B = b B. =u. (b
borderline | high school, Crns, M5 Pming | Pag ~ H8 Dimaxsy
values [0;100]
Level of the | Shows a rela; Units in per- B B e
discipline | tive measure cent, le, = le,, =™ Conax —;,Us
contribution | of the level | |_ D[O,l] O B
to the compet of compe-
tence tence
formation
Loss of Shows the | Unitsin per-| A =1 -l b -h,
competence| loss of com- cent, A, _bm—
petence AD[O,].] &
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The minimum value of the competence level of foim‘euBcmin for certain period of stud-

ying in the university gives a chance for a studenbe involved in the work of Start-Up-
company at the appropriate stage of the five-levadiel of the life cycle (LC).

Developed procedure for assessing the competenekftemation is required for follow-
ing monitoring of competence, which is an importapstem element of managerial decisions
support in the organization of the learning process

Result — an assessment of the students competeveletthat specifies ability to partici-
pate in the work of Start-Up-company at the appaterstage of its life cycle, based on its mod-
el, considering degree of disciplines influencdlmcompetence formation.

3. Conclusion

Based on the analysis of problems of modernizadfddkrainian education, should be noted that
the business center at the University has theviatig advantages:

— graduate from the university at least specialisth work experience in Start-Up team
and Spin-Off company, as a maximum — ready IT-cargpa

— reduce the gap between the professional competenel of IT-specialist and a gradu-
ate of the University.

The developed algorithm of forming a competence ehocbmprising: an algorithm for
data collection and expert information processneguired to build the model; cognitive model
of competence; an algorithm for detection of thesiaemanded competencies list, based on the
method of paired comparisons; assessment of theet@mce at the current time.

There were identified system characteristics obmmetence model and developed a pro-
cedure that allows calculating their quantitativaues for the following monitoring of compe-
tence, which is an important element of manageleaisions support system in the organization
of the interaction university — industry througle thtart-Up-company.

Further development we see in developing of thdcldators” algorithms, assessing the
advisability of creating a Start-Up company andd¢bmpany's level of maturity on set of indica-
tors, based on the five-level maturity assessmeuteiy based on the model of competence.
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