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MODELS AND ALGORITHMS FOR RATING ASSESSMENT OF
THE QUALIFICATION LEVEL OF IT SYSTEMS DEVELOPERS

MOJIEJII TA AJITOPUTMHU PEUTUHTOBOI'O OI[IHIOBAHHS
KBAJI®IKAIIIMHOI' O PIBHSI PO3POBHUKIB IT CACTEM

The paper presents methods and algorithms for the personnel rating assessment system, which
determine the criteria for the professional abilities of employees, their personal qualities and promis-
ing opportunities. For the rating assessment of the qualification level of system specialists, it is neces-
sary to take into account the features of functional responsibilities and the specifics of the tasks per-
formed. Based on the factor-rating model, a formalized version of the calculation of rating points is
proposed. A qualification-level classification for IT systems development specialists by categories and
criteria is carried out. A system of scoring the level of qualification of specialists for each criterion is
proposed. The ranges of the rating level for the corresponding qualification gradations are also de-
termined. The need to apply different rating scores for employees and applicants for available vacan-
cies is indicated.

Objective assessment of the level of qualification and performance not only allows the em-
ployee to have an idea of how the work performed by him was evaluated, but also significantly affects
the motivation of his further work. The presence of such an assessment is of particular importance for
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the formation of creative teams for the implementation of innovative projects in various fields of tech-
nical and economic activity.

Keywords: personnel assessment algorithms, rating assessment criteria, assessment methods,
certification, testing.

B cyuacnux ymosax keanighikayia ma npogheciiinuil piseHv nepconany, to2o 30ibHocmi ma
6MIHHA 2eHepysamu KpeamugHi ioei 6U3HAUAOMb YCNiX NOOAIbUL020 PO3BUMKY MA CMAOIIbHOCHI
pobomu nionpuemcmea. Ha ocnosi pesyromamise ananizy 00c8idy Kpain 3 pO36UHEHOH) eKOHOMIKOI
NOKA3aHO, WO 8 OiibWoCcmi YCRIWHUX KOMNAHKIU 8eIuKa y8aza npudiiaemocsa npodiemam niobopy ma
niosuweHHs Keaniikayilino2o pieHa NepcoHany, AKUU 8 YMo8ax 2r0banizayii eKOHOMIKU cmae ix
cmpame2ivHuM ma IHMeNeKmyaibHum Kanimanom. Bionosiono, oyinka i cman yvo2o pecypcy, 102o
MOACIUBOCTIT — HAUBANCIUBIULA YMOBA OJI eDeKMUBHO20 YNPAGIiHHA opeaHizayicio. Y pobomi npeo-
CMABIeHO Memoou ma aneopummu OJisk CUCHeMU NPOBeOeHHs PelmUH20801 OYIHKU NEPCOHATY 3a AKU-
MU BUBHAUAIOMbCSL Kpumepii npoghecitinux 30ibHocmeti cnispobimuuxie, ix ocobucmi skocmi ma nepc-
NEeKMUBHI MOXNCAUGOCMI. [l petimun2060i OYiHKU KEaNi(IiKayitiHo2o PieHs Cheyianicmis cucmem He-
00Xi0HO 8paxogysamu 0coOIUBOCMI PYHKYIOHANLHUX 0008 "A3Ki8 ma cneyughiKy GUKOHYBAHUX 3A80AHb.
Ha ocnosi paxmopro-petimuneo6oi mooeni 3anponoHo8ano opmanizo8anuii 8apiaum HapaxyeanHs
petimureosux oanis. Ilposedeno xeanigixayiino-pienesa Kiacugixayiro 01 cneyianricmis iz po3pooxu
IT cucmem 3a kamezopismu ma Kpumepiamu. 3anponoHo8aHo cucmemy 6ANbHOI OYIHKU PIGHS KEAi-
Qixayii cneyianicmis 3a KOJ*CHUM Kpumepiem. Busnaueno makooic dianazonu pieHsa pelimuH2080i oyi-
HKU 051 8IONO0GIOHUX Keanighikayiunux epadayiil. Brxazano Ha HeoOXIOHICMb 3ACMOCYS8AHHS DI3HUX
PetUmuHe08UX OYIHOK 0I5l NPAYI6HUKIE MA NPEeMEeHOEHMI8 HA HAS6HI 6AKAHCI.

006 ’exmusHne nposedents OyinKuU PieHA Keanigikayii ma pe3yibmamis OisIbHOCMI He MITbKU
0ae MOAHCIUBICIND NPAYIBHUKOB] MAMU VAGLEHHS NPO me, SIK 0Y10 OYIHEHO BUKOHAHY HUM POOOmY, a i
SHAYHOIO MIPOI 6NIUBAE HA MOMUBAYIIO 1020 NOOAAbULOL mpydosoi disnvhocmi. Hasenicmv maxoi
OYinKU 8idicpae 0coOIUBO BadCIUBe ZHAYEHHS 0N (POPMYBAHHA MBOPUUX KOLEKMUBI8 i3 peanizayii
IHHOBAYITIHUX NPOEKMIB 8 PIZHUX 2ATY35X MEXHIKO-eKOHOMIUHOT OIsIbHOC.

Knrouoei cnosa: arcopummu oyiHKu NepcoHany, Kpumepii peumuHeo60i OYIHKU, Memoou
OYIHKU, amecmayis, mecny6anHs.

Problem’s formulation

In modern conditions, the availability of qualified personnel is one of the main conditions for
the effectiveness of the financial and economic activities of any organization. It is precisely on the
qualifications and professional level of personnel, their abilities and skills to generate creative ideas
that the success of the further development and stability of the enterprise depends. Therefore, most
enterprises use various personnel assessment systems that determine the criteria for the professional
abilities of employees, their personal qualities and prospective opportunities [1, 2]. An objective as-
sessment of the level of qualification and performance not only allows the employee to have an idea of
how the work performed by him was evaluated, but also significantly affects the motivation of his
further work [3, 4]. The presence of such an assessment is of particular importance for the formation
of creative teams for the implementation of innovative projects in various fields of technical and eco-
nomic activity. In this regard, the development and improvement of methods and algorithms for certi-
fication systems and assessment of the qualification level of personnel is a rather relevant both scien-
tific and applied problem.

Analysis of recent research and publications

Analysis of the experience of countries with developed economies shows that in most success-
ful companies, great attention is paid to the problems of selecting and improving the qualification level
of personnel, which in the context of economic globalization becomes their strategic and intellectual
capital. Accordingly, the assessment and condition of this resource, its capabilities are the most im-
portant conditions for effective management of the organization. In this regard, a few scientific works
are devoted to the further development of the methodology for assessing such an important resource of
organizations. Thus, in work [5], an analysis of the problems of developing methods for assessing
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human capital was conducted and approaches to determining its level were proposed. The importance
of using personnel assessment methods and their significance for the effectiveness of company man-
agement was formulated in article [6]. A systematization of modern methods of personnel assessment
in leading world companies and an analysis of the possibilities of their distribution and use in Ukraine
are given in work [7]. Modern methods of personnel assessment and tools for its implementation are
also considered in publication [8]. The advantages of personnel assessment for both the enterprise and
the employee are disclosed in work [9]. The main criteria were formed, and the components of per-
sonnel assessment were characterized. The personnel evaluation process is presented.

The results of the justification of the choice of personnel assessment methods are published in
the article [10] and a methodological approach to conducting such an assessment for service organiza-
tions is presented. The publication [11] substantiates the need to use effective labor productivity man-
agement tools based on personnel assessment systems: OKR, MBO, KPI. The advantages of the OKR
system compared to other personnel assessment systems are presented. The features of the KPI ap-
proach for developing a system for assessing the level of training of the enterprise's personnel are pre-
sented in the work [12]. Solving the issues of forming a personnel assessment system at the enterprise
using modern systems and technologies is considered in the work [13]. The results of a comparative
analysis of the OKR and MBO personnel assessment systems are presented in the publication [14].
The features of the practical application of the OKR system and the issues of its effectiveness are con-
sidered in the works [15, 16].

The results of the analysis show that methods for assessing the qualification level of personnel
in different sectors of economic activity have their own specific features [10].

Formulation of the study purpose

The purpose of this study is to build a mathematical model and substantiate the possibilities of
using an appropriate algorithm to build a system of comprehensive rating assessment of the qualifica-
tion level of software system developers using the factor-rating method.

Presenting main materials

The assessment of the qualification level of a software developer is usually based on a set of
technical, analytical and communicative skills. The following competencies are proposed to be used as
the basic criteria for forming a technical level assessment system:

— Knowledge of programming languages: level of proficiency in basic languages (C++, Java,
Python, C#, JavaScript, etc.).

— Algorithmic thinking: ability to develop effective algorithms, optimize code.

— Architectural skills: understanding the principles of building software systems, design patterns.

— Working with databases: knowledge of SQL/NoSQL, data normalization, query optimization.

— Tools and environments: experience with IDE, version control systems (Git), CI/CD.

— Analytical thinking ability and ability to conduct research are proposed to be taken into ac-
count by the following criteria:

— Requirements analysis: ability to interpret technical and business requirements.

— System modeling: using UML, ER diagrams, mathematical models.

— Assessment of task complexity: ability to predict resources and execution time.

— Systematization of system development results: participation in scientific and technical con-
ferences; publication of innovative solutions in scientific publications.

Organizational skills and the ability to establish communication with employees are proposed
to be taken into account by the following indicators:

— Teamwork: experience in collective development, use of Agile/Scrum methodologies.

— Documentation: quality of technical documentation, clarity of comments in the code.

— Presentation of solutions: ability to explain technical solutions to both technical and non-
technical audiences.

To assess the level of professional training, an important factor is the availability of practical
experience in the implementation and implementation of applied developments, which it is proposed
to be taken into account by the following components:

— Implemented projects: number and complexity of completed projects.
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— Contribution to open projects: participation in open-source communities.
— Level of responsibility: experience in roles from developer to technical lead.

— Results of test tasks for candidates.

Personal qualities and ability to organize are proposed to be considered according to the fol-
lowing indicators:
— Self-education: ability to quickly master new technologies.
— Critical thinking: ability to assess risks and propose alternative solutions.
— Ethics and responsibility: adherence to the principles of academic and professional integrity.
— In accordance with the above analysis and taking into account the existing competencies, the
qualification-level graduation of IT system development specialists can be presented by the data given in

tabl. 1.
Table 1. Qualification level graduation of IT systems development specialists
Category || Criterion || Ne Junior Middle Senior Lead/Architect
Knowledge . in-depth
Technical |jof prog- 1 knowledgg of |lconfident com- knowledge of |lexpert, defines stand-
i ) programming ||mand of
skills ramming several lan- ards
| language 1-2 languages
anguages guages
Algorithms . |loptimization of - .
performs sim- || . designing com- |lchoosing systems de-
and data le tasks simple algo- lex systems velopment strategies
structures P rithms P Y P g
Systems . defines and .
. follows in- . . forms architectural
architec- |3 . designs modules ||designs system
structions standards
ture goals
Working o .
with the 4 | knowledge query optimiza- circuit design tech_nology selection,
SQL tion scaling
database
. Require- . o . .
Analytical ments 5 |[needs mentor- |lindependent identifies and  |[forms technical busi-
skills . ing analysis analyzes risks |[ness strategies
analysis
uses well- L .
Modeling 6 Known tem- UML/ER- develops origi- ||implements _modellng
charts nal models methodologies
plates
Sys_tematl- 7 ||conference s scientific arti- .
zation of publications academic degree
abstracts cles
results
Communi- 8 ||performs active partici- ment-or N Sys- leadership, team man-
- Teamwork tem imple-
cation tasks pant ! agement
mentation
Documen- || 9 [short com- || 1gn-guality full develop- 4. 6ines documentation
. documentation ||ment documen-
tation ments . : standards
of algorithms  ||tation
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Category || Criterion || Ne Junior Middle Senior Lead/Architect
Rresenta- 10 9xp|a|ns the ustification of justification of speaks o busi-
tion of implemented . complex con-
X - decisions ness/customers
solutions solutions cepts
. Imple- . . . . . .
Practical mented 11 ||academic/ commercial implementation |strategic projects,
experience . educational  ||projects of real systems |(integrations
projects || |
Participa-
tion in 12 no minor contribu- ||active partici-  |[community leader,
open tion pant library author
source |
|_mplementa- implementation |([implementation |jjustification of sys-
13|[tion of a .
Test task of the original ||of a new system |[tems development
known meth- .
od algorithm template strategy
Personal Self- learns under independently constantly im-  |{identifies promising
. . 14 masters new . .
qualities education guidance : proving areas and technologies
| technologies
Critical 15 ,'[hmepli?eggg q offers improved ASSESSES [iSKS makes strategic deci-
thinking prop solutions sions
solutions
Ethics 16 follows the responsible implements fprms a style of integ-
rules standards rity

For rating assessment of the qualification level of IT systems development specialists, it is
necessary to take into account the features of functional responsibilities and the specifics of the tasks
performed. It is proposed to calculate rating points for each criterion from 1 to 9 points, depending on
the level of qualification compliance in the range of values given in table 2.

A formalized version of calculating rating points for different levels of personnel training is
proposed to be carried out for each category in accordance with the criteria given in Table 1 according
to the following algorithm:
Ry = (b11 + byp + -+ byyy) + (bay + by + -+ bypy) + - +
+(bn1 +bpp + 0+ bnm) = ?=1Z;'n=1bij’
where bj; — score determined by the evaluation sheet.

The assessment of the qualification level of an employee (applicant) is carried out in points
from 1 to 9 according to the criteria given in table 1 and is entered into the evaluation sheet (question-
naire) in accordance with the values given in tabl. 2.

Table 2. Rating assessment of the qualification level of specialists

1)

\ Rating H Junior H Middle H Senior H Lead/Architect
The range of val-

ues for one crite- 1-3 3-5 5-7 7-9

rion, points.

Membership val- 15-48 48-80 80-112 112-144

ue range, points.
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The result of the calculation according to formula (1) determines the level of qualification of
the specialist. In accordance with the data in tabl. 2, the ranges of the rating values for each level of
training of IT system developers are determined as follows:

- Junior — 15—48 points;

- Middle — 48—80 points;

- Senior — 80—112 points;

- Lead/Architect — 112—144 points.

To increase the effectiveness of the proposed algorithm for assessing the qualification level of
personnel, it is necessary to take into account the features of functional responsibilities and the specif-
ics of the tasks performed in each category:

— Junior — technical skills (basic programming, algorithms) are more important;

- Middle — balance between technical and analytical skills;

- Senior — the importance of analytics and communication, architecture formation and devel-
opment team organization is growing;

— Lead/Architect — the greatest emphasis on analytics and communication, as it defines strate-
gy and interacts with the business.

Taking into account the above data, it is proposed to use a generalization of model (1) using
weighting factors of importance of each category and each criterion to determine a more accurate rat-
ing assessment of the level of qualification of IT development specialists. In this case, the correspond-
ing algorithms for calculating the weighted rating assessment of personnel qualifications using the
factor-rating method [17] will be defined as follows:

Ry = ay(b1y + b1z + -+ b)) + @2(byy + byy + -+ bapy) + -+ +

+an(bn1 +bpy + 0+ bnm) = Z?:l 127 21]71:1 bij; (2)
Ry = (ﬂllbn + B b+ + ,Blmb1m) + (ﬂ21b21 + B, bap + o0+ ,BZmem) +
+t (ﬂnlbnl + ﬁnzbnz + et ﬁnmbnm) = Z?=1Z§'n=1ﬁijbij’ (3)

where a;, £ — weighting factors of the influence of each category and criterion on the assessment of
the level of personnel qualification.

The expertly determined values of the weight coefficients of categories and criteria for each
qualification level of company employees and candidates are given in tabl. 3 and 4, respectively. It
should be noted that the rating assessment is usually carried out for each qualification level of compa-
ny employees and job applicants separately.

Table 3. Weighting factors for categories

Category Wig%r;tf'.ng Junior ||Middle||Senior Alr_cﬁ?éct /eﬁo?orllfcr:r!t
Technicalskills || o [ 035 030 [025] 020 | 015 |
/Analytical skills || o [ 020 | 020 [0.25] 025 | 0.25 |
‘Communication H o5 H 0.15 H 0.20 H 0.20 H 0.25 H 0.2 ]
|Practical experience]] @ || 0.20 | 020 [ 0.20 | 015 | 025 |
Personal qualities | @ | 0.20 | 010 0.0 015 | 015 |

Table 4. Weighting coefficients by criteria

Weighting Junior IMiddiellsenior Lead/ || General

Category Criterion coeff. Architect||/applicant

Knowledge of

Technical skills .
programming lan-

P 0.13 || 0.10 || 0.09 | 0.07 0,05
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Category Criterion Wiiogergi.ng Junior (Middle||Senior Alr_c?ﬁ(tjéct /aC;eprl]?cr:rln
| lguages | [ | |
Algorithms
and data structures Pre 0,08 | 0,07 | 0,06 0,04 0,03
Y e B | 007 006 | 005| 005 | 004
pvoring with B | 007 007 | 005 004 | 003
Analytical skills || ~cduirements B || 007 007|011 010 | 0,09
analysis
| [Modeling | . ] 008] 007]008]| 008 | 008 |
Systematization of
s s | 005 006|006 007 | 008
ICommunication |[Teamwork | pu ] 005 007007 009 | 007 |
| |Documentation | . | 0.05 | 0,06 || 006 ] 007 | 005 |
Presentation of
colutions ps | 005 007 || 007 009 | 0,08
Practical Implemented 005 | 0.06 Il 0071l 006 0.09
experience projects fn ' ! ! ’ ’
Participation in B || 0.05 | 005|005 004 | 008
open source
| |Test task | ps ] 010 009|008 005 | 008 |
\Personal qualitiesHSeIf—education H [s1 H 0.03 H 0.03 H 0.03 H 0,04 H 0,04 \
| |Critical thinking | B ]| 0.03 ] 0.03 || 0.03| 005 || 005 |
| |[Ethics | ps ] 004 004004 006 | 006 |

Thus, we have obtained a sufficiently flexible assessment system in the form of a weighted rat-
ing, which more accurately reflects the level of qualification and takes into account not only points, but
also the weight of competencies for each level. The calculation of the weighted rating is performed ac-
cording to the corresponding algorithm (2) or (3) based on the data of the qualification level assessment
sheet given in tabl. 5. It should be noted that the qualification level assessment sheet can be used as a
universal questionnaire for certification or recruitment, as well as by employees for self-assessment.

Table 5. Qualification level rating assessment sheet

Category

Criterion

Points
(1-9)

Weighting
coeff.

Weighted score

Technical skills

ming language

Knowledge of program-

|Performs simple tasks

|[Follows instructions

| |

|

HKnowIedge SQL

| |

|

Analytical skills HNeeds mentoring
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Points  ||Weighting

(1-9) coeff Weighted score

Category Criterion

Uses well-known tem-
plates

| ||Conference abstracts | I I

|
ICommunication | Teamwork [ [ | |
| || Documentation | | | |
| | Presentation of solutions | | [ |

Practical Implemented
experience projects

Participation in
open source

\ HTest task H
Personal quali-
ties

| |[Critical thinking I I I |
| [Ethics | | | |
\Total score H H H H \

Self-education

Conclusions

This work analyzed the problems of increasing the efficiency of personnel rating evaluation,
which should become one of the important factors in increasing the efficiency of the management
process and ensuring the productivity and efficiency of companies. Modeling and implementing rating
evaluation indicators allows you to objectively assess the level of qualification and results of personnel
work and ensure that vacancies are filled by specialists with the necessary qualifications. Also, the use
of indicators allows you to make the evaluation process more objective and systematic, which contrib-
utes to improving the quality of personnel work and the economic efficiency of the organization.
Therefore, we can conclude that modeling metrics for assessing the effectiveness of adaptation of so-
cial enterprise employees is an important stage in personnel management, which can make a signifi-
cant contribution to improving the quality of the enterprise's work and ensuring its success. For effec-
tive evaluation, it is advisable to use the methods proposed in the work in combination.

In the future, it is necessary to conduct research and generalize the above models and algo-
rithms for rating personnel evaluation to be able to assess the qualification level of employees in other
areas of economic activity.
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