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Abstract - This paper is the result of researches by a multidisciplinary team of experts and scientists from the area of 
industrial engineering, quality improvement and medicine. The goal of this paper is to define a generalized approach to the 
quality improvement in health care, in the function of classification and identification of priority areas for improvement by 
the  combining   several methods and techniques for the improvement of quality. This paper also presents a case study on the 
example of providing health care in Montenegro. Additionally, the goal of this paper is to indicate  the opportunity of use of 
several methods and techniques so as to avoid a subjectivity in decision making processes and  to obtain relevant and 
scientifically established results. First of all, this paper highlights the possibility of use of the cause- consequence method, 
ABC method, as well as the  brainstorming method. Through the verification of the considered example, it has been  proven 

that it is possible to use a combination of several engineering methods in the function of classification and identification of 
priority areas for improvement.  
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I. INTRODUCTORY CONSIDERATIONS, 

SUBJECT AND GOAL OF THE RESEARCH 

 

Researches into the qualities of health care are very 

important and their usefulness brings benefits for a 

wide spectrum of interested parties, starting from 

service users, over medical staff, to the state and/or 

owners of hospitals etc. It is obvious that the 

improvement of quality of health care is a process 

just directly proportional to the reduction of mortality 

rate, costs and mistakes, and to the rise of finances, 
confidence and the stability of state apparatus etc.  

According to many international statistics and 

researches the mistakes occurred during providing 

health care are undoubtedly a big cause of mortality 

or inefficacy of cures. So, for example, the previous 

studies [1], state that each year in America about 44 

000, or even two times more   patients die due to 

mistakes in providing health care. However, certain 

researches [2], highlight that, for example, of 289 411 

orders of drugs prescribed in one single year at the 

level of tertiary protection, the total rate of mistakes 
was estimated to be 3,13 mistakes on every 1.000 

orders, and that even 1, 81 mistake oneach 1.000 

orders was classified into the category of very 

important mistakes. 

Mistakes can occur in sense of use of bad procedures, 

obscurely defined responsibilities, unclear manuals 

for equipment, inadequate maintenance of equipment, 

non-existence of clear identification and tracing, 

insufficiently trained staff, non-motivation etc. 

This spectrum is quitebig, hence it is very important, 

depending on a case, to recognize coefficients of 

significance for each risk factor for occurrence of a 
mistake. The mistakes in giving health care, 

generally, can be classified as the mistakes in 

execution and planning [3]. According to the 

American Agency for researches and quality in 

medical care [4], there is a range of mistakes leading 

to the consequences in concerns about health, such as, 

for example, mistakes related to anesthesia, infections 

got in hospitals, omitted or delayed diagnosis, 

delaysin treatments that could be avoided, inadequate 

monitoring after interventions, failure in execution of 

tests, disrespect of precaution measures, as well as 

medical mistakes etc. In that sense, there are eight 

main branches, namely the areas of causes of 
problems occurring in medicine area:   

1. Communication problems,  

2. Inadequate information flows. 

3. Human factor,  

4. Patients, 

5. Organization and knowledge.  

6. Working procedures, templates and responsibility, 

7. Technical mistakes,  

8. Inadequate management policy.  

 

This division, namely aspects, can also be 
appliedwithin engineering methods, and it is 

complementary with a division used for so-called 

Ishikawa diagrams.  

The researches on this theme mostly deal with the 

classification of mistakes, use of statistic methods and 

simple methods of a group technology, but not with 

the use of several engineering quality methods in the 

function of definition  of priority areas and 

significances of influential factors on the total quality 

of health care[5] – [14]. The use of individual 

methods and techniques without a clearly defined 

synergy is a usual way[15]. Just such state 
motivatedthe authors of this paper to make a model 

for improvement of health care by the use of a 
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multidisciplinary approach, as well as to validate this 

model on a concrete case study. An interdisciplinary 
aspect in scientific and expert researches represents a 

basic postulate or a precondition for getting of 

significant solutions namely data that should be 

usable, namely verified in real conditions.   

Such an approach was applied in this paper, with the 

goal to reduce the level of subjectivity in decision 

making process, and on the basis of several 

engineering methods come to priority areas for 

improvement. The areas of researches arehealth care 

generally and influential factors which significantly 

contribute to the quality of this type of services. The 

level of primary care is the object of researches. The 
case study on the example of giving health care and 

defining influential factors on the quality of this 

service has been planned and carried out as a proof of 

the functionality of the approach. The priority areas 

where it is necessary to primarily perform   activities 

on an improvement have also been identified by the 

use of engineering methods, what should yield a 

significant advancement in the total quality of 

service. 

 

II. DEVELOPMENT OF MODEL FOR 

IMPROVEMENT OF QUALITY BY USE OF 

ENGINEERING METHODS– APPROACH IN 

USE OF METHODS 

 

Challenges in use of the engineering methods and 

techniques for quality improvement are usually 

mirrored in challenges during decision making 

processes that are particularly expressed in separate 

or individual use of some methods, namely 

approaches [16], [17]. Therefore, there is a tendency 

to ensure the biggest possible level of objectivity, 

namely that respect of principles – decision making 
on the basis of facts be completely ensured. Hence 

the use of several methods is applied what ensures 

absolute objectivity and yield results on the basis of 

clear indicators, namely the facts on the entry level. 

Therefore, this paper also recommends these three 

methods:  

1. Brainstorming method,  

2. Cause – consequence or Ishikawa and  
3. Pareto method.  

 

In order to ensure a proper respect of the  methods, a 

team consisting of 6 members from medicine 

profession was created, and a moderator as an expert 

in the area of use of engineering methods has also 

been appointed [18], [19]. The brainstorming method 

is used according to the 6 – 3 – 5 rule, i.e. each 

member of the expert team exposes 3 ideas in 5 

minutes in the first cycle, then the process is repeated 

in each next cycle until a solution for each entry 

parameter is obtained. Decisions based on consensus 
are used during the use of this method, while a 

calculation of mean marks given by each member 

individually is done in some situations. The 

identification of influential factors and determination 

of their weight coefficients is executed on the basis of 

the experts’ experience, as well as on the basis of the 

statistics of frequency of repetitions of errors and 

influential factors [21] – [24].This method is applied 

in order to obtain entry values for the following 

method, namely a cause- consequence method.  

It is important to note that only an illustration of the 
use of the model was made in this paper according to 

time and available resources, with an absolute 

recommendation that it is necessary to include a 

wider diapason of all the interested parties (other 

medical staff, management, workers in maintenance, 

patients, management structures on the state’s level 

etc.). 

The Ishikawa diagram, or cause-consequence 

diagram, is executed on the basis of established rules 

for calculation of relative coefficients, namely 

influential factors for all individually identified 

causes which impact on the quality of health care.  
After that, the Pareto method and the 80 – 20 

rule[20],  [25] are used for the purposes of 

determination of priorities for resolving, namely an 

important advancement in important of quality of 

health care.Fig. 1. 

 

 
Fig. 1The model/approach for classification of influential factors for improvement of health care quality 
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Three levels of influential parameters were considered according to Table 1 for the purposes of use of Ishikawa 

diagram.  

Primary causes Secondary causes Tertiary causes 

PC1 SC1 TC1 

PC2 SC2 TC2 

... ... ... 

PCi, i= 1, 2, …I SCj, j = 1, 2, ...J TCn, n = 1, 2, ...N 

TABLE I: The span of considered influential factors for a cause- consequence diagram 

 

Primary causes (PCi) - Are determined on the basis of combination of recommended models 5M 

(Methods, Machinery, Management, Materials, Manpower), 4P (Place, 

Procedures, People, Policies) and 4S (Surroundings, Suppliers, Systems, 

Skills). The combining is executed by applying a preceding method, namely 
by using brainstorming.  

Secondary causes (SCj) - Are determined on the basis of use of brainstorming, individually for each 

previously defined PCi(or, even better, separately within each PCi). Also, 

belonging weight coefficients are assigned to them in the same way. 

Tertiary causes (TCn) - According to the defined values on higher branches, by using brainstorming 

method, the samples for this level are determined and valued, especially 

within each (SCj). 

 

The scale 1-5 was selected for a valuation, namely an allocation of initial values, while values of relative 

coefficients are individually calculated by using the following formulas: 

 

RKPCi= (PCi  /  PCiI
i=1 ) * 100 (1) 

RKSCj = (SCj  /  SCj
J
j=1 ) * RKPCi(individually for each i) (2) 

RKTCn= (TCn  /  TCnN
n=1 ) ∗ RKSCj (individually for each j) (3) 

 

Where: 

 

RKPCi - The value of a relative coefficient for primary level 

RKSCj
 - The value of a relative coefficient for secondary level 

RKTCn - The value of a relative coefficient for tertiary level 

 

The sorting of all relative weight coefficients from 
the tertiary level in a descending range is then  

executed, and Pareto rule 80/20 is applied so as to 

identify the priority areas for significant improvement 

of health care quality. 

 

III. USE OF THE MODEL– CASE STUDY ON 

THE LEVEL OF PRIMARY MEDICAL CARE 

 

As it had been highlighted earlier, for the purposes of 

illustration, namely a verification of the 

recommended model, a team made of 6 members 
from the medicine area – doctors who perform their 

activities in various areas on the level of primary care 

in Montenegro has been formed. The samples 

presented in Table 2 have been identified in the 

process of consideration of causes or factors 

influencing (non) quality of health care according to 

the recommended models of using cause-

consequence diagrams through the implementation of 

the brainstorming method for all three levels.  

 

 

Primary 
causes 

PCi 
Secondary 
causes 

SCj Tertiary causes TCn 
Designation 
of area 

E
q

u
ip

m
en

t 

PC1 

Adequacy SC1 
Obsolete and (non) functionality of equipment TC1 P1 

Sufficient quantity of equipment TC2 P2 

Maintenance SC2 

Sterilization TC3 P3 

Calibration of instruments TC4 P4 

Timely check of adequacy and maintenance of 

equipment 
TC5 P5 

Use of 

equipment 
SC3 

Necessary level of knowledge of entire medical team 

about the ways of using equipment 
TC6 P6 

Strict obeying   manuals for the use of equipment TC7 P7 

S
t

af
f 

PC2 Knowledge and SC4 Attendance on conferences and meetings TC8 P8 
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equipment Publishing papers and texts in professional and 

scientific journals 
TC9 P9 

Additional formal education – sub-specialization TC10 P10 

Motivation and 

conditions 

/access to work 

SC5 

Salaries TC11 P11 

Excessive number of patients causing overcrowding TC12 P12 

Absences of doctors from work TC13 P13 

Absences of lower medical staff from work TC14 P14 

Tiredness and non- concentration TC15 P15 
TABLE II: Identified causes/ factors of influence for all three levels of health care 

 

Primary 

causes 
PCi 

Secondary 

causes 
SCj Tertiary causes TCn 

Designation 

of area 

S
ta

ff
 PC2 Responsibility SC6 

Differences in examples of defined rules and methods 

of healing 
TC16 P16 

Transfer responsibilities to other doctors TC17 P17 

Transfer responsibilities to lower medical staff TC18 P18 

M
et

h
o

d
s 

PC3 

Actual character 

of methods 
SC7 

Use of outmode methods TC19 P19 

Access to actual literature TC20 P20 

Trainings and attendance  at scientific and professional 

meetings 
TC21 P21 

Using methods SC8 

Dosing  (too big or too little) TC22 P22 

Time of use of curing  methods – timely identifying 

illnesses 
TC23 P23 

Time of use of a prescribed therapy – adjustment of the 

prescribed and the real 
TC24 P24 

Non- authorization in use of methods (allowing 

practitioners to give drugs or use simpler methods) 
TC25 P25 

Identification of patients TC26 P26 

Errors in prescriptions TC27 P27 

Omitting therapies TC28 P28 

Storing  of drugs in regulated conditions TC29 P29 

Identification and storing of drugs TC30 P30 

Use of forbidden drugs TC31 P31 

M
an

ag
em

en
t 

/p
o
li

cy
/p

ro
ce

d
u

re
 

PC4 

Communication SC9 

Communication on doctors’ level TC32 P32 

Communication with management TC33 P33 

Communication on a  level:  doctors – other medicine 
staff 

TC34 P34 

Communication on level of   medicine staff TC35 P35 

Efficacy and effectiveness of  collegiums TC36 P36 

Protocols SC10 

Administration errors TC37 P37 

Slow information flows TC38 P38 

Unclear responsibility and informational flows TC39 P39 

(Non) existence of patients’ files (illness history etc.) 

(Care, access etc. ) 
TC40 P40 

Responsibility SC11 

Responsibility on doctors’ level TC41 P41 

Responsibility on management’s level TC42 P42 

Responsibility of lower medicine staff TC43 P43 

Responsibility of maintenance agencies TC44 P44 

In
fr

as
tr

u
ct

u
re

 PC5 

Premises SC12 

Adequate access in sense of mobility of patients and 

timely responses 
TC45 P45 

Adequate space for supporting processes (kitchen, 

maintenance etc.) 
TC46 P46 

Waiting rooms TC47 P47 

Accommodation 

capacity 
SC13 

Adequate conditions (hygiene, temperature ....) TC48 P48 

Number in relation to frequency of patients TC49 P49 

Condition in work environment (temperature, humidity, 

illumination ....) 
TC50 P50 
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Vehicle fleet SC14 

Functionality TC51 P51 

Possession of equipment TC52 P52 

Management of vehicle fleets (liability, responsibilityof 

drivers, knowledge and adequate use of ....) 
TC53 P53 

TABLE II (continuation 1): Identified causes/ factors of influence for all three levels of health care 

 

Primary 

causes 
PCi 

Secondary 

causes 
SCj Tertiary causes TCn 

Designation 

of area 

E
n
v
ir

o
n
m

en
t/

 

ex
te

rn
al

 f
ac

to
rs

 

PC6 

Supply SC15 

Policy of import of medical equipment and drugs  TC54 P54 

Check of state and quality of imported equipment / 

drugs  
TC55 P55 

Storing drugs in proper conditions in wholesale 
drugstores  

TC56 P56 

Continuity in supply with drugs  TC57 P57 

Patients SC16 

Non- obeying given recommendations TC58 P58 

Taking  of additional drugs  TC59 P59 

Public-health-nursing services TC60 P60 

Motivation for recovery and confidence of patients – 

discipline  
TC61 P61 

TABLE II (continuation 2): Identified causes/ factors of influence for all three levels of health care 
 

Adjustment of attitudes was then executed and the values of factors, as well as the values of relative weight 
coefficients individually on all the levels, have been then obtained, all based on the presented formulas (Table3)

. 

PCi Value RKPCi Value SCj Value RKSCj Value TCn Value RKTCn Value 

PC1 3 RKPC1 16,1 

SC1 3,3 RKSC1 5.7 
TC1 3,6 RKTC1 1.24 

TC2 3,6 RKTC2 1.24 

SC2 3 RKSC2 5.2 

TC3 2,6 RKTC3 0.81 

TC4 2,8 RKTC4 0.88 

TC5 2 RKTC5 0.63 

SC3 3 RKSC3 5.2 
TC6 2,8 RKTC6 0.88 

TC7 2,8 RKTC7 0.88 

  SCj

J

j=1

 9,3 

 

 TCn

N

n=1

 16.6  

PC2 3 RKPC2 16,1 

SC4 3,6 RKSC4 2 

TC8 3,6 RKTC8 0.20 

TC9 3,6 RKTC9 0.20 

TC10 3,6 RKTC10 0.20 

SC5 4 RKSC5 2.2 

TC11 4,4 RKTC11 0.27 

TC12 2 RKTC12 0.12 

TC13 3,6 RKTC13 0.22 

TC14 2 RKTC14 0.12 

TC15 2,8 RKTC15 0.17 

SC6 3,2 RKSC6 1.7 

TC16 3,6 RKTC16 0.17 

TC17 2,8 RKTC17 0.13 

TC18 4,2 RKTC18 0.20 

  SCj

J

j=1

 29,4 

 

 TCn

N

n=1

 36.2  

TABLE III: The results of uses of the presented model 

 

PCi Value RKPCi Value SCj Value RKSCj Value TCn Value RKTCn Value 

PC3 2,8 RKPC3 15 

SC7 2,8 RKSC7 7 

TC19 2 RKTC19 0.35 

TC20 2 RKTC20 0.35 

TC21 3,6 RKTC21 0.63 

SC8 3,2 RKSC8 8 
TC22 2 RKTC22 0.40 

TC23 2,8 RKTC23 0.56 
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TC24 2,8 RKTC24 0.56 

TC25 4,4 RKTC25 0.89 

TC26 3,6 RKTC26 0.72 

TC27 2,8 RKTC27 0.56 

TC28 3,3 RKTC28 0.66 

TC29 3 RKTC29 0.60 

TC30 3 RKTC30 0.60 

TC31 4,8 RKTC31 0.96 

 

 SCj

J

j=1

 6 

 

 TCn

N

n=1

 40.1  

PC4 3 RKPC4 16,1 

SC9 3,3 RKSC9 5.4 

TC32 4,2 RKTC32 0.56 

TC33 3 RKTC33 0.40 

TC34 3 RKTC34 0.40 

TC35 2,8 RKTC35 0.37 

TC36 2,2 RKTC36 0.29 

SC10 3,3 RKSC10 5.4 

TC37 3,3 RKTC37 0.44 

TC38 3 RKTC38 0.40 

TC39 3,6 RKTC39 0.48 

TC40 3,3 RKTC40 0.44 

SC11 3,2 RKSC11 5.3 

TC41 2,8 RKTC41 0.36 

TC42 3,6 RKTC42 0.47 

TC43 3,2 RKTC43 0.42 

TC44 2,8 RKTC44 0.36 

 

 SCj

J

j=1

 9.8 

 

 TCn

N

n=1

 40.8  

PC5 4 RKPC5 21,5 

SC12 4 RKSC12 7.2 

TC45 3,6 RKTC45 0.66 

TC46 5 RKTC46 0.92 

TC47 4,8 RKTC47 0.89 

SC13 4 RKSC13 7.2 

TC48 4,4 RKTC48 0.81 

TC49 4,8 RKTC49 0.89 

TC50 4 RKTC50 0.74 

SC14 4 RKSC14 7.2 

TC51 4 RKTC51 0.74 

TC52 3,6 RKTC52 0.66 

TC53 4,8 RKTC53 0.89 

 

 SCj

J

j=1

 12 

 

 TCn

N

n=1

 39  

TABLE III (continuation 1): The results of uses of the presented model 

 

PCi Value RKPCi 
Value 

SCj Value RKSCj Value TCn Value RKTCn Value 

PC6 2,8 RKPC6 15 

SC15 2 RKSC15 6.3 

TC54 1 RKTC54 0.37 

TC55 1 RKTC55 0.37 

TC56 2,2 RKTC56 0.81 

TC57 2,8 RKTC57 1.04 

SC16 2,8 RKSC16 3.1 

TC58 2,2 RKTC58 0.40 

TC59 3,6 RKTC59 0.66 

TC60 2 RKTC60 0.36 

TC61 2,2 RKTC61 0.40 

 PCi

I

i=1

 

 

18,6   SCj

J

j=1

 

 

4.8 

 

 TCn

N

n=1

 17  

TABLE III (continuation 2): The results of uses of the presented model 
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According to the recommended model, the use of Pareto method and making diagrams, namely a translation of 

values into percent form, sorted in a descending range and the use of Pareto rule 80/20 (Fig.2) is now been done. 
 

 
Fig. 2 The use of Pareto principle 

The priority areas for the improvement ( Pareto A- 

group), on which it is necessary to primarily respond 

by the measures for improvement are obtained as the 

result, what solves the most problems and the system 

brings the state of the significantly improved quality. 

These are areas bringing the following designations, 

successively, also by priorities:  

 

P1; P2; P57; P31; P46; P25; P47; P49; P53; P4; P6; 

P7; P3; P48; P56; P50; P51; P26; P28; P45; P52; 

P59; P5; P21; P29; P30; P23; P24; P27; P32; P39; 

P42; P37; P40; P43 andP22. 

 

The significance of these areas can be seen in Table 

2. Hence, the measures for improvement should 

firstlybe initiated for:  
 

 Procurement of equipment, as well as the 

defining procedures for maintenance of the 

existing one,  

 Continuity in supply with drugs,  

 Identification and securing against use of 

forbidden/ inadequate drugs,  

 Condition in part of supporting processes 

(waiting rooms, air-conditioning systems etc.)  

 Creation of conditions, namely measures that the 
followers do not participate in healing methods 

without authorizations, competences as well as 

on the basis of their own approaches,  

 For continuity, concluding with activities related 

to the improvement in the control of dosages of 

prescribed quantity of medicaments.  

 

This is 36 out of 61 areas in total. Other 25 areas 

belong to the Pareto classes B and C, and demand 

consequent interventions in sense of improvement, or 

after repeated execution of this approach and after the 

period of uses of measures of priority improvement, 

to execute their categorization and solving through 

their possible belonging to A class of priorities. These 

are areas type: communication on the level of medical 

staff and technical services, patients’ non-obeying to 

given instructions, leave on specializations, 
publishing and participation on scientific meeting etc.  

 

IV. CONCLUDING CONSIDERATIONS 

 

Medical care represents a group of processes whose 

efficacy and efficiency, or to say more clearly, exit 

quality, influences the satisfaction of a wide spectrum 

of interested parties. Mistakes occurring in 

procedures of medical care are obviously the causes 

of many problems, ranging to those which end in 

fatalities. Hence the researches on the topic of the 
improvement of quality of medical care are very 

important and impact on the defined activities related 

to the rise of preventive actions, cost reductions, rise 

of satisfaction of all the interested parties etc. The 

researches on this topic dominantly deal with the use 

of individual methods and techniques for the 

improvement of quality, with possibly high risks of 

subjective approaches to conclusions, namely to 

making decisions. Therefore, this paper recommends 

a simplified model as a combination of three methods 

of improvement, with the calculation of  relative 

weight coefficients what contributes to respecting of 
principles in decision making on the basis of facts, 

namely to objective conclusions or making decisions. 

This model also identifies the areas where it is 

necessary to act first of all and to execute activities on 
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the improvement what significantly solves a great 

deal problems that deteriorate a medical care system.  
The simulation had been carried out in real 

circumstances on the level of a primary medical care, 

in sense of verification of the recommended model. A 

total of 36 areas for the improvement for the purposes 

of significant total quality improvement of medical 

care have been identified. It has been concluded that  

the activities on the procurement of new equipment 

and better maintenance of old one, supply with drugs, 

their better identification and tracking, controls of 

dosages and use of medicaments etc. must be 

urgently executed. Only in the following phases, after 

the use of priority measures, or in new cycles of use 
of this model, the attention should be concentrated 

onto the improvement of communication between 

medical team and technical service agency, raising of 

level of culture of healing of patients, additional 

training of medical staff etc.  

It is necessary to note once again that the model was 

verified in experimental circumstances, and that, for 

the purpose of results and making a strategy on a 

wider levels, for example on the national level, it is 

necessary to include a wider diapason of all the 

interested parties (other medical staff, management, 
worker on maintenance, patients, management 

structures on the state’s level etc.).  
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