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INFORMATION AND ANALYTIC
EVALUATION OF ACTIVITY INDICATORS OF
MEDICAL STAFF IN THE DENTAL CLINIC

Ouinrosanns nokasnuxie disavrocmi 06’exkma zocnodapiosanins 6yodv-aK0i chepu napoonozo zocnodapcmea
€ BANCIUBUM NPOULCOM HA BCIX eMANAX iCHYBANHA MAK020 00’ckma. Pesyiomamu maxozo oyinio8anis 6niusaomy
Ha naanyeanis OaabHoCmi 3axaady na maibymui nepiodu uacy, Gopmyeaniis ozo Kao0poeoi NOAIMuKL, npose-
denist peopezanizauii mowo. Ipu uypomy oxpemo ciio poszisdamu 06’ exmu chepu nociye, 6 AKUX KPiM NOKAZHUKIE,
w0 6idobpacaromv nPudymox 3axiady, GANCIUCUM € MAKONUC NOKAZHUKU, SAKi XAPAKMEPUSYIOMb AKICIb HAOAHUX
saxnadom nocaye. O6’ckmom 00CAIONCCHHA € NPOUCCU THPOPMAUTLIHO-AHALTMUUHOZO0 CYNPOBOJY NPULIHAMMSL
YNPAsLiHCOKUX piuied w000 OUiHI0BanHs eQeKmUsHoCmi disibHoCmi Kadpo802zo CKAANY CMOMAMOLOZIUHUX KITHIK.
Taxuii cynpogid neobxionuil Ons ananisy onepamuenoi in@opmayii w000 JisAvHOCMT MEOUUHUX NPAUIEHUKIE
ma NPUHAMMS GUACHUX | ehexmueHUX piuens uodo onmumizayii ix disivrocmi 3 Memoro nideuuenns aKocmi
nadasanux meduunux nocayz. Ocobausoi yeazu npu ybomy ciio HAdamu NUMannio GU3HAYEHH Kpumepiio epex-
MueHocmi OisbHOCMI MeOUUH020 NEPCOHATY.

Y pobomi 6yau euxopucmani memoou cucmemozo ananizy npu 00CI0NCeHHI NPOYUECIe OLANbHOCT NPAIGHUKIE
CMOMAMON02IUHUX KIIHIK NPU HAOAHHT HUMU MEOUUHUX NOCAY2. A MAKONC MEMOOU MAMEMAMUUHO20 MOOCTIOBAHHS —
0nst popmanisayii 3a0au, SKi BUHUKAIOMb 8 NPOUECE OUTHIOBANH NOKASHUKIE 0iAIbHOCME MEOUUHUX NPAUIGHUKIE
ma cucmemnuil nioxio — npu anarisi npooIeMu iHpOPMAUTIHO -AHATTMUUN0Z0 CYNPOBOOY 6 NPOUECT OUIHIOBAI
NOKASHUKIG OIANLHOCIE MEOUUHUX NPAUIEHUKIE.

Y x00i docnidwcenns 6yno sanpononosarno cnocib nidsuwenis epexmusnocmi npouecie NPUUHAMMS Yynpas-
JHHCOKUX pitient w000 JisibHOCME CMOMAMOLOZIUHUX KAIHIK Ha 0CHOGI analisy NOKA3HUKIE OLsibHocmi ix npa-
UIBHUKIB, WLAAXOM POIPOOKU MA 6NPOBAONCENHA PELCGANMHIO20 NPOZPAMIOZ0 3abe3neuenis. Pospobiena ingop-
Mauitino-ananimuuna cucmema 003608¢ 00UUCIIOBAMU MA GI3YANI3YCAMU Y 3PYUHOMY BUZLAO0L CNIBEIOHOWEHIA
MidHC MAKUMU NOKAZHUKAMU OISIAHOCTIT MEOUUHUX NPAYUIGHUKIS, K HOPMAMUEHE MA (QAKMUUHE HABAHMANCCHHSL.
3acmocysanns po3pobienozo npozpamnozo nPooyKmy 00360IUMb HANPAULOSYEAMU MA NPULMAMU GYACHT MA
00TPYNMOBANT YNPABIINCOK] piulenis w000 OisSIbHOCME CMOMAMOLOZIUHUX KATHIK.

Kmouosi cnosa: indopmayitina mexnonozis, iHGOpMayitiino-anarimuunuil cynposio, ouinioeanis JisivHocmi
MeOUUH020 NEPCORALY, YNPAGHIHHA CIMOMAMOLOZIUHOI0 KITHIKOTIO.

Mulesa 0.,
Snytyuk V.,
Tromhola M,,
Ivazkevych V.

Received date: 13.02.2020
Accepted date: 16.03.2020
Published date: 30.06.2020

1. Introduction

Evaluation of the activities of an economic entity in
any sphere of the national economy is an important pro-
cess at all stages of the existence of such an entity. The
results of this evaluation affect the planning of the in-
stitution for future periods of time, the formation of its
personnel policy, the reorganization and the like. At the
same time, facilities of the service sector should be con-
sidered separately, in addition to indicators reflecting the
profit of the institution, indicators characterizing the qua-
lity of the services provided by the institution are also
important. These institutions include medical institutions,
in particular dental clinics. When formulating the clinic’s
activity policy, the founder should be guided by the prin-
ciple of providing medical services of appropriate quality.
One of the criteria affecting the quality evaluation of the
services provided is the procedure for the distribution and
use of working time of medical workers and compliance
with the standards of load on them [1]. In the process
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of ongoing evaluation of the activities of medical institu-
tions, in particular dental clinics, it becomes necessary
to process a large amount of operational data. Therefore,
to carry out a comparative analysis and develop managerial
decisions, the development and implementation of relevant
information technologies in relevant medical institutions
is relevant.

This study discusses the problem of designing informa-
tion technology to evaluate such performance indicators
of the staff of medical clinics as the distribution and use
of working time.

2. The ohject of research
and its technological audit

The object of research is the processes of informational
and analytical support for making managerial decisions to
evaluate the effectiveness of the staff of dental clinics. Such
support is necessary to analyze operational information
about the activities of medical workers and make timely

.
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and effective decisions to optimize their activities in order
to improve the quality of medical services.

At the design stage of relevant information techno-
logy, it is important to adapt the well-known and develop
new models and methods for evaluating the performance
of personnel. Based on these models and methods, it is
necessary to develop appropriate tools.

3. The aim and ohjectives of research

The aim of research is to analyze the features that an
information-analytical system must meet to evaluate the
performance indicators of the personnel of the dental clinic.

To achieve this aim, it is necessary to complete the
following objectives:

1. Perform an analysis of the tasks that arise in the
process of evaluating the performance of the staff of medi-
cal clinics.

2. Systematize the data sets on the basis of which such
an evaluation is carried out.

3. To develop relevant software, the use of which will
improve the efficiency of decision-making processes on
the activities of dental clinics.

4. Research of existing solutions
of the prohlem

A lot of scientific research is devoted to the problem of
evaluating the performance of medical institutions, including
dental clinics. So, in [2] it is noted that in order to improve
the quality of dental services in each medical institution,
a commission should be functioning on the examination of
the quality of medical care. Management decisions should
be made on the basis of approved standards, among which
an important place is occupied by medical and economic.
Works [3, 4] are devoted to the definition of criteria for
quality evaluation of activities of service enterprises (medical
institutions) using dental clinics as an example. Researchers
note that an important indicator affecting the formation of
ratings of dental clinics is staffing and workload of staff, their
level of qualification [3]. The indicators, according to this
criterion, make it possible to take into account the positive
and negative deviations of the available number of doctors
and staff per job, their actual workload and qualifications from
regulatory data in the general evaluation of the institution.

The work [5] contains a study of the impact of the
implementation of information systems in the activities of
medical professionals. The authors note that such systems
are most effective for managers. That is, the greatest at-
tention in their development should be given to tools for
data analysis. Research [6] is devoted to the problem of
evaluating the level of perception and use of informa-
tion technology by dental clinic employees. Based on the
results of the surveys, it can be concluded that software
products focused on the exchange of information within
a medical institution have a positive perception.

An analysis of relevant scientific research has shown
that a number of scientific developments are devoted to the
tasks of developing and implementing information techno-
logy in the provision of dental services. In [7], criteria are
given that an information system must meet to manage
the data of electronic medical records of patients. Among
the main data that should be processed by the relevant
information systems, data on the management of recep-

tions, treatment progress, other meetings and the like.
Works [8, 9] describe the experience in the development
and implementation of electronic medical records systems
in the work of dental clinics. In these works, it is noted
that an important stage in the design of appropriate tech-
nologies is the stage of data collection and organization.
It is noted that for the success of a software product, it
must be convenient to use. In [10], the rationale for the
introduction of information technology in the operation
of dental clinics is given. Software products described in
these scientific publications, focused only on the collection
of medical information, the organization of free access for
medical workers to patient data and the like.

The analysis of scientific works showed that the problem
of implementing information technology in the field of medi-
cal management is promising. Most software products have
only a data organization function. The task of information
and analytical support of the processes for evaluating the
performance of medical personnel remains open.

Works [11, 12] are devoted to the problem of evaluat-
ing the personnel potential of a medical institution. It is
noted here that personnel potential should be understood
as the maximum number of services that can be provided
by employees of an institution within working hours while
maintaining the quality of these services. Models and me-
thods of such an evaluation are given in [13, 14]. Here,
a methodology is proposed for evaluating the activities of
employees of an institution, based on a timing approach.
The next stage of the study should be the development
of tools for information and analytical support for the
adoption of managerial decisions on the organization of
activities, including dental clinics.

5. Methods of research

In the course of the study were used:

— methods of system analysis in the study of the pro-
cesses of dental clinic workers in the provision of medical
services;

— methods of mathematical modeling to formalize the
problems that arise in the process of evaluating the
performance of medical workers;

— systematic approach to the analysis of the problem
of information and analytical support in the process
of evaluating the performance of medical workers.

6. Research results

During the study, an information-analytical system for
evaluating the performance of dental clinics was designed. As
a basis, in the design process, the methodology for evaluating
the human resources potential of healthcare institutions,
taken in [9—11], was taken. According to this methodology,
the personnel potential of a medical institution understands
the maximum number of services that can be provided by
employees of the institution within their working time
while maintaining the quality of such services. The formal
mechanism for maintaining the quality of services in this
case is to prevent a reduction in their duration.

The basis of the information-analytical system is data
sets on the activities of medical workers [12]. These include:

— information about the employees of the institution:

profession, position, list of competencies, the number

of working hours per day (Tables 1, 2);

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/2(53), 2020

5— )



— INFORMATION AND CONTROL SYSTEMS:
INFORMATION TECHNOLOGIES

I55N 2664-9969

— information about services and norms of their dura-
tion (Table 3);

— operational information about the services that were
provided by the employees of the institution.

Tahle 1
Fragment of the table of information about employees
Employee Specialty Position Number of working
number hours per day
1 dentist therapist dentist 5
2 dentist surgeon dentist 8
3 dentist surgeon head physician B
4 dentist orthodontist dentist 6
5 nursing staff dental assistant 8
Tahle 2
Fragment of the table of competencies of employees
Em-
ployee Services that an employee can provide
number
1 Treatment (canal treatment, pulpitis treatment)
2 Tooth extraction, implantation
3 Tooth extraction
4 Bite correction, braces, mouth guards, orthodontic appliances
Tahle 3
Fragment of the table with data on services provided
by employees of the institution
Minimal
Category Name duration
Dentistry | Treatment (canal treatment, pulpitis treatment) | from 45 min
Orthopedic | Aesthetic restoration, fingerprinting, veneers,
h . from 1 h.
dentistry | shape and color correction
Surgical | Tooth extraction, osteoplasty, implantation,
- i from 1 h.
dentistry | plasmalifting

To configure additional system parameters, let’s use
the results of expert surveys on the loss of working time,
standards for the duration of services, etc. [9].

The analytical core of the developed system is formed
by models and methods for evaluating the personnel po-
tential of a healthcare institution [9, 10, 12]:

1. A model for evaluating the volume of services that
can be provided by employees of an institution for a speci-
fied period of time [9].

Let a set of employees of a medical institution be given,
which denote by WZ{W,%,...,W,,}. Let each employee
(i=1,n) be characterized by the following two indicators:
h; — professional group; m; — rate size.

To calculate the normative workload of an employee
for a working month, let’s define a function f(h,mn) that
will depend on two parameters: the professional group of
the employee and the rate size:

f(hm) >R (1)

Let’s denote the standard load of the employee W;
for an elementary time interval ¢ through 7, which
let’s calculate in credits — the smallest arbitrary units of
time. Then:

rzfz}\‘(t)f(hﬂTh)y l=177n) (2)

where A(¢) shows how many working months (what part
of the working month) the time interval ¢ takes.

2. The method of evaluating the existing load on the
employee of the institution [9].

Let a set of services S={S1,Sz,...,5,,,} be given, each
of which is assigned a value s; (j=1m) — the number of
credits necessary for its implementation. Let’s divide all
services into two groups. The first group — services, the
volume of which depends on the number of customers.
The second group — services, the volume of which does
not depend on the number of customers.

Let a matrix of the distribution of services between
employees be given:

MR=(0y), i=1n, j=1m,
moreover
o; 20, Vje{l2..,m}

and

Vie{1,2,..,n}, ioc,-sz Vie{12,..,m},
=1

where o; — part of the j-th service that the i-th em-
ployee performs.

Let’s define a function ¢;(¢) that allows to calcu-
late the volume of services §; for a period of time ¢.
Then, the volume of credits that the employee worked W,
(i=1,n) for a given time ¢ interval can be calculated by
the formula:

= 0 (s
2= 0u0,(0)s o

Analysis of the activities of employees of a medical
institution is a comparison of regulatory and actually spent
credits. Thus, the functional diagram of the information-
analytical system is as in Fig. 1.

Examples of the system configured for the virtual dental
clinic are given in Table 4 and in Fig. 2, 3.

According to the results of calculations (Table 4, Fig. 3)
it is possible to analyze the distribution of costs of work-
ing time of workers for different services. The result of
comparing the actual and normative workloads of wor-
kers (Table 4, Fig. 2) can be the development and adoption
of managerial decisions to expand the staff of employees,
their retraining, the expansion of the number of services
provided by clinic employees and the like.

5
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Fig. 1. Functional diagram of the information-analytical system

Tahle 4
The results of the calculation of employee performance indicators of dental clinic
Distribution of credits by services
Employee Standard amount Actual
number of credits credits Canal Pulpitis Orthodontic Tooth . .
. . Implantation Consultations
treatment treatment dentistry extraction
1 1950 2100 800 1250 0 0 0 50
2 3960 3310 0 0 0 240 3000 70
3 1860 2275 0 0 0 0 2040 235
4 2940 2960 0 0 2460 0 0 500
5 4260 5040 0 0 0 0 5040 0
w00 Correlation between normative and actual loads 7. SWWOT analysis of research resulis
5000 Strengths. In the course of the study, a method is
proposed to increase the efficiency of managerial deci-
4000 sion-making processes for the activities of dental clinics
3000 based on an analysis of the performance indicators of
5000 their employees by developing and implementing relevant
software.
1000 An information-analytical system has been developed
0 that allows to calculate and visualize in a convenient form
1 2 3 4 5

= Standart amount of credits ® Actual credits

Fig. 2. Comparative analysis of the results

Distribution of credits by services (employee 1)

0;0 %

" Canal treatment *® Pulpitis treatment

" Tooth extraction " Implantation

0;0% 0;0% 5050 %

" Consultations

Fig. 3. The mode of analysis of the activities

of an individual employee

Orthodontic dentistry

the ratio between such indicators of medical workers as
normative and actual load.

Weaknesses. When applying the developed tool, it is
necessary to take into account that all the work perfor-
med by employees of the institution is related to the ser-
vice sector, that is, their intensity and duration can vary
through certain subjective circumstances.

Opportunities. Based on the data obtained during the
information-analytical evaluation of the activities of dental
clinic workers, it is possible to develop and make timely,
effective and informed management decisions on the ac-
tivities of a medical institution.

Threats. To increase the accuracy of the obtained nu-
merical estimates, a preliminary analysis of the types of
work performed by employees of the institution, includ-
ing those not related to the provision of medical ser-
vices, is necessary. It is also important to evaluate the
loss of working time on business trips, rehabilitation and
the like. Based on this preliminary analysis, it is neces-
sary to amend the indicators of the normative workload
of workers.
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1. The analysis of the tasks that arise in the process of
evaluating the performance of the staff of medical clinics.
Among the main tasks that need to be solved is the task
of evaluating the regulatory burden on the employee and
the institution as a whole and the task of evaluating the
actual burden on workers.

2. Data sets are systematized on the basis of which
such an evaluation is carried out. The basis for the per-
formance evaluation of health workers are:

— data sets on the profession, competence and work-

ing hours of employees of the institution;

— information about the services that the institution

as a whole can provide, their standard duration;

— expert opinions on the loss of working time, effec-

tive working time, etc,;

— statistical data on the services provided by the clinic

staff for a specified period of time.

3. An information-analytical system has been developed
for calculating estimates of the normative and actual load
of clinic workers. The results of the developed software
product can be effectively used by managers in the process
of making decisions on the organization of work of the
corresponding medical institution.
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