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GENERAL DESCRIPTION OF DISERTATION
Topicality of the research

The Ministry of Economics of the Republic of Latvia (ME RI¢) 7n,2006 — 2007 declared
that there are several essential problems hindering in Latvia, devaiopment of small and
medium enterprises (SMEs). One of the listed problems is insufficierit management skills and
knowledge [31] as well as introduction of new business managen¢n) methods [32].

SME’s can with good reason be regarded as a guargnies, of economic growth and
sustainability of Europe; this is proved by the large numberef enterprises in the member
states of the European Union (EU). Similarly with situation m=zU also in Latvia the biggest
part of national economy is constituted by SMEs. Mechanical engineering is among
traditional manufacturing branches in Latvia, which is eapiicitly aimed at export and after the
stabilization of economic situation (end of 2009 — beginriing of 2010) showed a medium rapid
growth and makes significant contribution to the rhaaufacturing industry and all national
economy in general [33]. Quality management is tiwcial for sustainable development of any
organization and achievement of planned  resuits. The International Standardization
Organization (ISO) already more than 20 years aao“eaveloped the ISO 9000 family of Quality
Management System (QMS) standards, so that 2nte/ grises might apply a quality management
approach. During last 25 years different Systenss and models of quality and general
organization’s management have been rapigiy«developed in Europe, America, etc. The ISO
9001 standard for QMS is the most well-knoven and most applied standard in the world [20].
Application of most quality systems (QSjwis riot limited as regards the type of economic
activity or the size of organization. Untivsaow no data have been available by size classes of
enterprises having implemented a cerfified! QMS. Data are available on the total number of
certified enterprises. In 2003, 703seniciprises [30] had certified QMS according to the
requirements of 1SO 9001, but this ¥igure is insufficient to make conclusions about the users
of QMS and its spreading in Latvia. The doctoral dissertation shows and analyses data on the
proportion of certified QMS in SMEs in Latvia as a whole and also mechanical engineering.

A solution has been deyelepes in the doctoral dissertation how to improve management
skills in SME in order to resuive the problems listed by the RL ME. Management of
enterprise, like any other process, can be continuously improved; this can be done by the
search of new valuable me.wads aimed at the improvement of performance results. As a result
of in-depth analyses of ~2S~and respondent enterprises the most important managerial
activities have been estak!istiad.

The doctoral dissaitation is topical because it offers a solution for the improvement of
management skills of pesgons at the highest level (PHL) applying knowledge included in QS.
The topicality of doctoral dissertation and research necessity is heightened by the fact that
until now in Latvia no researches have been made how actively SMEs apply certified QMS in
their businesspinciuding also enterprises of mechanical engineering. Nobody has studied the
influence of ISQ Y301 standard on the enterprises of mechanical engineering on scientific
level previgusiyLin Latvia.



Objective and Tasks

The objective of the doctoral dissertation is to develop a Methcd/ol Quality Systems
Application that would promote application of knowledge incorporated imquality systems for
management of small and medium mechanical engineering enterprises and enterprises of
other branches.

To achieve the objective the following tasks have been identified:

1) To develop a method for gathering and analysing statisticial ‘dcta in order to identify the
proportion of small and medium enterprises in Latviasaiia mechanical engineering
having implemented a certified quality managemcnt system according to the
requirements of 1ISO 9001.

2) To determine the amount of improvements after certification of quality management
system in small and medium enterprises of mecharical.engineering.

3) To develop a method and succession of its implameiitation according to which to carry
out summarisation and combined analyses of “fe activities of persons at the highest
level defined by quality systems.

4) To develop technique for the assessment ¢ importance and performance of activities
carried out by persons at the highest level

5) To carry out mathematical analysis ¢f, ne</obtained importance and performance
evalautions of activities carried out by farsons at the highest level.

Object and subject of research

The object of the doctoral dissertanica,is micro, small and medium-sized enterprises,
including enterprises of mechanical engireering with certified quality management system
according to the requirements of 1IS@ 9C91. The subject of the research is a method based on
the application of quality systems for-iie improvement of activities of persons at the highest
level. The method developed as a result of research can be applied in SMEs of mechanical
engineering and any other indusiise

Methods of research

In the doctoral disse:tation qualitative and quantitative research methods have been
used: statistical methods —statistical observation, grouping and sampling method, analysis of
absolute and relative .staustical quantities, Lickert scale of evaluation, Importance-
Performance Analysis F2£)), the ranking of evaluations, graphical method, correlation and
regression analysis, Sumey organization using questionnaires — in paper and electronic form.
Close and open type questions and self-assessment method were used in the development of
questionnaire. SWOT analysis, QFD (Quality Function Deployment) method, scientific
literature review,~aocument analysis as well as comparative analysis and synthesis method
were also used during research. Data were processed by using softwares as Data Analysis and
QFD Matrix*tusiness Improvement Software. Data and information are shown in the form of
tables and/pictures.



Scientific novelty

1)

2)

Questions have been developed for the determination of the amouit/of improvements in
the mechanical engineering enterprises after the certification @1 guality management
system in ten most characteristic fields of activities and the amount of improvements is
being assessed. The extent of application of advanced manu:acturing technologies has
been defined in small and medium enterprises of mechanica:"ano!neering in Latvia.

New Quality System Application Method has beel. /divveloped and proposed,
demonstrating possible combined application of thres “quality systems for the
improvement of management skills of enterprises of nicehanical engineering and other
industries. The result of the development of quality=system application method —
defined 19 activities of persons at the highest level. A mathematical model has been
developed for predicting performance of activiries,_of persons at the highest level
depending on the evaluation given to importance.

Practical significance

1)

2)

3)

4)

The proportion of enterprises by size-classes has been determined for the first time in
Latvia in general (the sample size congsituied 452 enterprises, statistical data are
analysed on 631 enterprises) and separateiZin'n echanical engineering (the analysis was
made on all certified enterprises in ¢thewindustry) which have a certified quality
management system according to the requivements of 1ISO 9001.

The amount of improvements was dsdsssed and quantitative indications on the
improvement amount in 10 SME. of imechanical engineering, which have after the
quality management system impiemeriied and certified in conformity with 1SO 9001
requirements, were obtained.

The advanced manufacturing ‘achiiologies most widely used in the 104 enterprises of
Mechanical Engineering and enterprises most active in their application divided by size-
classes in Latvia have been.established.

The importance and perforinance levels of 19 activities of persons at the highest level
have been established and assessed in 13 SMEs in Latvia to determine most valuable
managerial activities in the evaluation of these enterprises.

The following research resutts are defended:

1)

2)

3)

4)

Method for det(rrination of the proportion of SMEs in Latvia and mechanical
engineering seu.ar having implemented a QMS in accordance with ISO 9001.

Research results and data assessment on the improvement amount as well as application
of advanced.manufacturing technologies in enterprises of mechanical engineering in
Latvia.

Method of Geality Systems Application for the combined use of quality systems and the
identitre ! characteristic activities of persons at the highest level.

The/rasearch results and data assessment on most significant PHL activities in SME’s.



Research hypothesis

There is lack of management skills at small and medium enterprises (n Latvia.

Approbation of dissertation

The results of doctoral dissertation are published in sciendf< journals, conference

proceedings, are reported and discussed at international and local cénferences, projects and
also study subjects lead by the author.
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SUMMARY OF DISSERTATIOMN STRUCTURE

The doctoral dissertation consists of the introdtscien, six chapters, research results and
findings. Chapter one assesses the research directits] substantiating the actuality of the
chosen topic. Chapter two presents the developed metriod according to which the results were
obtained on the proportion of enterprises in Lat%a,ard in mechanical engineering sector, that
have been certified in conformity with 1SO "20C1 7 Chapter three comprises an in-depth
evaluation of enterprises of mechanical engireeriag by analysing the extent of application of
advanced manufacturing technologies aid “expected amount of improvements after
certification of quality management systervE2,9001. Chapter four presents the development
of the method of quality systems applicdtiory and substantiation of research methods used in
its development. Chapter five finalises.tiicaretical development of the method of quality
systems application, defines PHL actiitie; and carries out practical researches to test stated
hypothesis. Chapter six includes fecommendations for the PHL of small and medium
enterprises of mechanical engineeringand gives recommendations for further researches. The
most crucial conclusions are summarised in the research results and findings.

Chapter 1. EVVALMWATION OF THE RESEARCH AREA

Chapter 1 of doctoral dissertation presents substantiation of the choice of research topic,
assessing three directions™ ,quality management, small and medium enterprises and
mechanical engineering seitas

According to the E4! survey of 2010/2011 SME constitute 99,8% of the total number of
EU-27 enterprises, whign altogether make more than 20 million [50]. Similarly with the
situation in EU also" rwtatvia the biggest part of national economy is constituted by the
proportion of SME, which in 2011 constitutes 99,5% of the total number of enterprises (80
thousand). Classification of SMEs by size-classes was 84,7% micro, 12,3% small and 2,5%
medium enterprises [23].

Creationat Tavourable economic preconditions is one of the most crucial factors
affecting anu.xomoting development of SMEs. In the complicated economic situation (which
in Europe/aaaan in 2008-2009), in order to be able to exist and put the produce on the market,
SME need to demonstrate their ability and continuously improve their products. Mastering of
a broader market sector is an advantage for any enterprise. Successful alignment with the
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European market can be hindered by insufficient knowledge of “tae_standards. Thus
opportunities that enterprises might use when cooperating on an inteational level are
hindered or not used at all.

Considering the importance and input of SMEs into nitiorial economy their
representatives should be more widely involved and informed aboutoiuntary standards and
other QS, as well as about the possibilities to apply them. The fami'v.of ISO 9000 standards
specifies the requirements and guidelines needed for internal apbiieation of organization, so
that it would be able to manufacture products satisfying the rcqrinzments of customers and
legislation [21]. The most widely recognized of ISO 900Q~¢taridard family is 1SO 9001
containing requirements that should be regarded as additionai"samplementary to requirements
for products [22]. The ISO 9001 standard is recognized arig=applied throughout the world
(more than 1 million enterprises) [20]. In Latvia collection of data characterising situation of
ISO 9001 certification becomes more complicated wrea,each year. The present situation
strongly encumbers performance of research and prediating of trends on the national level.
According to the latest publicly available data (Jahuaryy 2010), 703 enterprises have got
certificates of conformity with ISO 9001 [30]. ISCrgainization does not summarize data how
many SMEs in the world or Europe have certified 2MS; there is no organization summarizing
data on the given aspect also in Latvia.

Statistical data (2010) on the extent of IS@ 9034 certificates, broken down by industries,
on the world scale show that the top five ssariipsise mechanical engineering enterprises,
constituting altogether 21% of the total nurther [20]. According to the results of ISO data
analysis one can conclude that in the enterprises of mechanical engineering, certification of
QMS according to the requirements of 1S2.9001)is widely spread and should be characterised
as high.

To assess the tendencies of SMESs (e binding industrial policy documents, reports and
recommendations of European Commiseign (EC) have been studied. For the characterisation
of economic activity and structuze there have been used reports on the Economic
Development of RL ME, Central Statistical Board of the Republic of Latvia (CSB), EU
Statistical Office (Eurostat), ISO surveys and data of the Association of Mechanical
Engineering and Metalworking ‘raustries of Latvia (MASOC).

Evaluation of the qualitysmanagement direction has been carried out to find out spread
of application of QMS in SME, as well as to establish the most widely used standards in SME
of mechanical engineeringyTo characterise spreading of QMS on the world and Latvian scale
data of ISO and Latvian Ausaciation for Quality (LAQ) on the most widely used standard 1SO
9001 have been summarised, Although certification of QMS according to ISO 9001 standard
is only one of the qua'ity management approaches yet data on the number of certified
enterprises is one of twa,most widely used evaluation indications.

Evaluation of mechanical engineering sector was started by identifying enterprises
belonging to this. sector according to the type of their economic activity. The term
“mechanical eng.atering” is not included in the Regulation No 1893/2006 of the European
Parliament and_oi«the Council [13], establishing the statistical classification of economic
activities NsACE in the European Union (NACE Rev.2), therefore an analysis of the
classificatian of mechanical engineering was carried out. Interpretations of European and
national ievel organizations are compared regarding classification of mechanical engineering.
Based on the results of comparison mechanical engineering is defined and according to it the
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research data gathering and result collection is made. Data of CSB and WASOC are analysed
to determine the total number of enterprises of mechanical engineeringsaird, their distribution
by size-classes in Latvia.

Chapter 2. PROPORTION OF QUALITY MANAGEMEN *SYSTEMS
IN SMALL AND MEDIUM ENTERPRISES AND MI=CHANICAL
ENGINEERING IN LATVIA

Chapter 2 of the doctoral dissertation includes solution o1 tas first task of the thesis. It
was impossible to collect data necessary for the solution of_the Tirst task by using any data
base where according to the search criteria interested infornation can be selected. To solve
the first task and identify the proportion of SMEs in Latvia and in mechanical engineering a
method was developed for statistical data collectionsand analysis. Data necessary for the
analysis were obtained using the publicly available (data 'bases of LAQ, “The Compass
Group”, “Lursoft” and MASOC. The gained results*nllow making conclusions about the
spread of certified QMS broken down by enterprise ‘¢'ze-classes in Latvia in general and in
mechanical engineering.

2.1. Proportion of certified 1SO 9001 in small ana“medium-sized enterprises in Latvia

For the first time results were gained &haut £iie proportion of certified enterprises in
Latvia and in mechanical engineering where ©anformity to the requirements of 1ISO 9001 have
been evaluated. The made research is the first systematized data collection which cannot be
gained in annual 1SO surveys and publisty avéilable data bases of other organizations (for
example, certification bodies in Latvia, EAO/ MASOC).

Method for determination of the/praportion of certified QMS envisages two steps: 1) to
collect adequate data on each object=ander investigation taking into consideration two
essential features (existence of ISO Q007 certificate and size of organization according to the
number of employees), 2) to systematise the collected data and carry out statistical analysis.
Data for research purposes were obtained from the LAQ [29] data base of certified enterprises
by, containing collected and pukiicly available register of all enterprises certified by LAQ
irrespective of the certification vedy that has issued 1ISO 9001 certificate. Identification of the
number of employees engaged in the enterprise was the most labour consuming process in the
path of this study task. Theraecessary information was obtained in publicly available data base
of B2B “Compass Group ' wwhich was chosen as the most suitable in view of the research
needs and resources. Belanging of enterprise to each group of definite size was determined
according the Recomniendition of European Commission (EC) 2003/361/EC [14]. Taking
into consideration thawfinancial data of organizations is confidential information, enterprises
were grouped according to the number of employees. The chosen approach is taken over
from the “Eurosta#”’ business structural statistical data classification. During research data on
631 enterprises (2208) [29], which have received 1SO 9001:2000 certificates were analysed.
This can be exnlaited by the fact that the research was started before the new version (2008)
of the standan<,took effect and the standard transition period stage (November 15, 2008). It is
impossiblgto carry out research on enterprises which have received ISO 9001:2008
certificates of conformity, because, as was noted in Chapter 1, a later register of certified
enterprises is not available for public at present.
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Having obtained the necessary data the second step of the methou=aas carried out and
the obtained data were systematised and analysed statistically. In the sa¥,.0f analysis each
enterprise was observed and for data systematisation electronic daterhase.wvas created which
ensured convenient making of analyses and preparation of clear result’. Wrien determining the
proportion of enterprises by size-classes, which have certified QMSs#¢'ata were processed and
analysed regarding four enterprise size-classes.

Large Micro
14% 5%

Small
42%

Medium
39%

Figure 2.1. Proportion of 1SO 9001:2000 ceriiticates by enterprise size-class in Latvia
Source: reseaizh of aj thor

According to the simple size (452 eaterprises), it was concluded that the relative
frequency of proportion of certified enterprises IS within the interval = 2.46%in the population
with a confidence level of 95%.

According to the developed mettod For the determination of SMEs proportion the
results were gained about the generai=eituation in Latvia. After evaluating the collected
research results one can conclude thavwmsst (Figure 2.1) ISO 9001 (2000) certificates were
issued for small- 42% and mediuin-sized enterprises, constituting together 81% of total.
Among these two groups the distribution is almost similar - in the group of small — 189 and
medium — 176 enterprises. The class of SMEs together constitutes 86%, but micro enterprises
make only 5% from the total rusivzar, therefore they should be regarded as the least active
size-class of enterprises. Thewthird largest group regarding QMS certification is large
enterprises — respectively 14%.

The distribution results of certified enterprises allow characterising and making
conclusions about enterprises Dy size-classes in Latvia. The obtained results are useful when
comparing the growth or recuction tendencies by years on national, regional and international
scale.

2.2. Proportion of certimied 1SO 9001 small and medium-sized mechanical engineering
enterprises in Latvia

An extra_aniakysis was carried out when determining the proportion of certified
enterprises byssizesclasses in Latvia, in order to determine the spread of QMS in the
mechanical, er.zineering sector (Table 2.1). The amount of certified QMS spread by sectors
was deter/wined according to European Accreditation Code (EA code) classification being
used by 1SO, as well as accreditation and certification institutions. EA codes are inter-
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comparable with NACE Rev.2 codes, therefore they ensure convenierizstransition from one
classification codes to another [19].

Table 2.1
The number of 1SO 9001 certificates in Latvia by industal sector
No Description of industrial sector according EA codes Relative
frequency, %
1 EA 28 Construction N 18
2 EA 35 Other services 12
3 EA 29 Wholesale and retail trade; Repair of motor vehicles,

motorcycles and personal and household gaids

EA 31 Transport, storage and communication 9
EA 34 Engineering services 8
EA 17 Basic metals and fabricated metal produc’s 5
5

5

EA 19 Electrical and optical equipment
EA 36 Public administration
Other sectors 28

Source: author’s calculation and design| ba¥ad on LKA data [30], 2010

Ol N[O ol >

Information on the extent of 1ISO 9001 sartivicates by sectors characterises general
situation in Latvia as well as allows to find outithe enterprises of which sectors choose most
often to obtain the ISO 9001 certificate of contormity for its QMS. Table 2.1 includes sectors
where the amount of enterprises having received a certificate of conformity to 1ISO 9001
reaches at least 5% of the total amount. /«2:ysing the situation of mechanical engineering
sector in Latvia it was stated that %% “of ‘nasic metal and fabricated metal product
manufacturing sector (EA 17) enterprises wve certified QMS according to the requirements
of 1ISO 9001. The machinery and equ:pment manufacturing sector (EA18) is not included in
Table 2.1 because the amount of ceyufied enterprises constitute only 1% of the total number
of certified enterprises in Latvia. Accerding to the borders of mechanical engineering defined
in the Doctoral Dissertation (EA 17 and EA 18) one can regard that in Latvia from the total
number of enterprises (703 i 2010), which have a certified QMS according to the
requirements of 1SO 9001, aisatl 62 are constituted by enterprises of mechanical engineering
(total number — 46). For comparison, in the world altogether 21% of enterprises of mechanical
engineering sector have certified QMS according to ISO 9001 requirements [20].

To determine the propettion of certified enterprises by size-classes in mechanical
engineering an identical=w.=tiiod was used as to state general situation in Latvia. Data for
situation analysis werg”vained in MASOC data base [4] where extended information on
enterprises of mechanicai=gngineering is available. Information on each observed enterprise is
included in the data base, which is made in MS Excel to systematise the selected data
according to the following parameters: title, number of employees, NACE Rev.2 code,
certificates, used /namufacturing technologies, etc. As a result of data selection and processing
(taking into conaideration limits defined by mechanical engineering sector) it was stated that
in 2011, 104 givarorises of mechanical engineering had registered at MASOC. 46% or 48
enterprisesfot WtASOC, the business activities of which fall within the limits of the sector
under rescarel,_have the 1ISO 9001 certificate of conformity [38]. It was stated that altogether
there were 46 enterprises of mechanical engineering in Latvia (2010), which have an ISO
9001 certificate; thus it can be stated that the whole population size was estimated within the
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research. Since the results of analyses cannot be completely transferredi.to the population,
95% confidence level is assumed. A slight shifting in the number gieaterprises can be
explained by the fact that it is impossible to get statistical data only regarding one year.

The results gained by the analysis show that 92% of sample £nterprises belonging to
mechanical engineering are SMEs, and the biggest part — 59% is=zoristituted by medium
enterprises. The smallest part is constituted by micro and large —%"and 8% respectively.
Comparing the proportion by size-classes in Latvia in general witwsituation in mechanical
engineering, one can conclude that SMEs of mechanical en¢ireering have proportionally
more (by 6 percentage points) introduced certified QMS. If inZzetvia in general the proportion
between the classes of small and medium enterprises is neariyssimilar (respectively 42% and
39%), then in the enterprises of mechanical engineering tiiesnumber of certified medium
enterprises is twice bigger than in the class of small enterprises (respectively 59% and 29%).

Chapter 3. EVALUATION OF IMPROVEMENTS IN SMALL AND
MEDIUM ENTERPRISES OF MECHLi2 MICAL ENGINEERING

Chapter 3 of the doctoral dissertation covers sciétion of the second task. The chapter
comprises in-depth assessment of enterprises “ef. mechanical engineering to determine the
amount of expected improvements after the AZestinication of quality management system
according to the requirements of ISO 9001 swancard. The Chapter analyses the extent of
application of advanced manufacturing tect‘noiegies in SMEs of mechanical engineering.
Enterprises of mechanical engineering are a$sessed in view of certified and uncertified quality
management system factor and its effeci=eiinthe application of advanced manufacturing
technologies is determined. A methol hgs peen developed and substantiated for the
assessment of the amount of improvaments in SME of mechanical engineering having
certified quality management systen:, ac:ording to the requirements of ISO 9001. The
principles of respondent selection/anc, survey organization are outlined. The results of
empirical research on the amount ot iWnprovements in SMEs of mechanical engineering in
Latvia after certification of quality management system are assessed.

3.1. Assessment of application or.2«dvanced Manufacturing Technologies

Literature lists up to 45 different types of advanced manufacturing technologies (AMT).
When analysing the applicction of AMT, a sample was used as well as data base which has
been made to determine tho nraportion of certified quality management systems in enterprises
of mechanical engineering \Chapter 2). To determine the extent of AMT use in SMEs of
mechanical engineering/in/Latvia, data available in the MASOC data base [4] were used,
which were summarised,and processed according to the needs of the research. From the range
of technologies, being used by Latvian enterprises that are listed in the MASOC data base,
data on six types af technologies which according to the review of literature are regarded as
AMT, are being tztd/Jor further analysis. Absolute and relative frequency of application of all
six AMT types.is given in Table 3.1. For data systematization and processing a database was
created where, the established sample data set were processed. The analysis covered 104
enterprises xvhere 119 cases of AMT use were stated. According to the observed simple size
by studying 1U4 enterprises it can be argued that the result confidence interval in the
population is + 9.34%, with 95% confidence level.

15



The analysis of the application of AMT shows that from these sb&, AMT types in the
enterprises of mechanical engineering most often they use comput£iaumerical control
(CNC), i.e. 60%. The second most often used type of AMT is competer a:dad design (CAD);
frequency of use constitutes 14%. Other four types (EDM I*, EDM Il rosot welding, CMM)
are being used on the average 9 times less than CNC.

When analysing data by enterprises’ size-classes it was_eswalished that most of all
AMT are being used in small (53%) and medium (38%)enterprises of mechanical
engineering.

Table 3.1

Frequency of application of Advanced Manufacturing . ecrinologies in Mechanical
Engineering enterprises

Advanced Manufacturing Technologies Frequancy frec?ueegig;/le(% )
1) computer-aided design (CAD) 17 14
2) computer numerical control (CNC) 71 60
3) electrical discharge machining (EDM I*) 9 8
4) wire-cut (EDM I1%) | 8 7
5) robot welding | 6 S
6) 3D coordinate measuring (CMM) | 8 7

* Since two technologies have similar athreviations, EDM was given symbol | or II.

Source: author’s calculation and Cesign based on MASOC data, 2012

When comparing the obtained data witui™the“number of enterprises, they do not differ
essentially in groups of small and mediwin enterprises (the proportion is similar). The
situation is inversely proportional in the gioups of micro and large enterprises; if the number
of micro enterprises is numerically laiges than the number of large enterprises in general, then
AMT they use least (in amount of 3%;«24 all four enterprise size-classes.

To find out whether enterprises having implemented a certified QMS according to the
ISO 9001 use AMT more, a comparative analysis was carried out by enterprise size classes in
mechanical engineering sector.“1hZ analysis covered two most often used technologies —
CAD and CNC. Enterprises of riiechanical engineering, considering their size-classes, are
grouped according to two_factors: ‘“ISO 9001’ — enterprise has a certified quality management
system and ‘No’— enterprise wag no certified quality management system.

The results of analyws”on the extent of use of CAD and CNC technologies in all
enterprise groups in gerieral'and separately by enterprise size-classes differ. In the group of
large enterprises (Figuie#3.1) all enterprises have a certificate of conformity to the
requirements of ISO Y301, of which CAD is being used by 25% and CNC — 75% of
enterprises. In the group of medium enterprises CAD is being used by 24% and CNC — by
79% of enterprises wsith 1ISO 9001 certificate of conformity, but in enterprises that do not have
ISO 9001 certificatian CAD technology is being used by 16% and CNC — 74%. In the group
of small enterprises CAD technologies are being used proportionally equal between
enterprisessthachave and do not have ISO 9001 certificate — 14% respectively. CNC is being
used by 7596af small enterprises having 1ISO 9001 and 59% — without 1SO 9001 certificate of
conformity. It was established that in the group of micro enterprises CAD technologies are not
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used; regarding use of CNC comparative results cannot be given (78%"af micro enterprises
do not have 1SO 9001 certificate).
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60% 1 ,

’". — & micro

l" osmall
. mmedium
glarge

.

50%

a0 "

30% 1~

20%

10% |-

0%

S0 900 IS0 8057 Mo
CAD ZHC

—i

Figure 3.1. Frequency of AMT applicgaowithin context of ISO 9001
Source: research zauthor, 2013

As a result of comparative analysis ‘0f,use 2. both technologies one can observe a
tendency that CAD and CNC technologies <n_general are more used by enterprises having
implemented a certified QMS according to tta requirements of 1ISO 9001. Four and five AMT
types simultaneously are used only by twa,_enterprises; besides both fall under the group of
SMEs and both have 1ISO 9001 certificatian.

3.2. Assessment of the extent of impravernents after introduction of 1SO 9001

The assessment of improvemeriwe-Gfter certification of QMS was carried out to find out
what in the internal operation of SMEs of mechanical engineering has improved most and
what advantages enterprises cap”oain from having 1SO 9001 certification. The ten questions
were drawn up to determineg “the” extent of improvements; to develop these questions
researches on the assessment of ernterprises’ efficiency and the impact of ISO 9000 standards
on enterprises were analysed [36], [40], [42], [43], [3], [8], [2].

To determine the amcest of improvements in SMEs of mechanical engineering in
Latvia a qualitative data 2g.'€Ction method — interviewing was chosen as a pilot version. After
consultations with leagiig, Latvian quality management professionals and one interview
carried out in an entaroiiza‘0of mechanical engineering the research method was substituted by
the quantitative method =“questionnaire. The primary task of survey was to obtain parameters
of the extent of quantitative improvements. The range of respondents covered by survey was
identified using ixireemation included in MASOC data base and enterprise home pages. The
sample of the Survey“was selected taking into consideration specific needs of the research and
it was formed fiem enterprises, which:

a) +all under the group of SMEs;

Uymare enterprises of mechanical engineering (NACE Rev.2), within the limits
defined in the doctoral dissertation;

c) have a certified QMS according to the requirements of 1ISO 9001.

17



To determine the extent of improvements ten assessment questreqs were developed
which were specifically adapted to the enterprises of mechanical engiiraaring. Percentage
interval scale was used for the assessment of the amount of improyvenieits (improvement
magnitudes were measured by intervals). One evaluation scale was us:d Tor the assessment of
all 10 questions. In each question the extent of improvements could-32 evaluated on the scale
from 0% (no improvements) up to 36% and more (essential imprcyvanients). The evaluation
scale uses six step gradation scale of which five were on the intervaiscale (1 — 5%, 6 — 15%,
16 — 25%, 26 — 35% and 36% and more), but in cases where 10’ 1Ijiprovements were stated,
0% evaluation was used.

Enterprises’ responsiveness to participate in the survgysshould be evaluated as good,
taking into consideration that data on the amount of improvements had to be submitted in
quantitative expressions. At the end of survey 10 valid responses were obtained from SMEs of
mechanical engineering sector. All survey participants \wese guaranteed confidentiality of the
provided data; therefore the obtained results are not exprasscd in connection with the title of a
definite enterprise, but are being used in the analys!s $of the amount of improvement in
general. Each survey participant could choose whether the enterprise title is to be mentioned
in the research survey or not. Five of enterprises molved in the survey agreed to make the
enterprise title available to public — Auto Cardamwl td., Jelgavas masinbiives riapnica JSC,
LEAX Rézekne RSEZ Ltd., Tehnika Auce Ltd., ahd Zmmetals Ltd.

40

35

17
10
. :

0% 1-5% 6-15% 16-25% 26—35% 36 % - more

Figure 3.2. The average amount of improvements

According to the resurtaprovided by the SMEs of mechanical engineering most often 6
—15% amount of improversents is to be expected after the QMS certification. Generally all
surveyed enterprises, giwing answers to 10 questions, 37 times have indicated 6 — 15%
amount of improvemer.t:_xvhich is about 1,5 times more often indicated as the second (1 —
5%), and about 2 times ore often indicated (16 — 25%) as the third amount of improvements.
In the process of data analysis for the evaluation of improvement extent, descriptive and
inferential statistizs 2vere used, as well as MS Excel and its tool Data Analysis. The overall
assessment of ¢he amaount of improvements forms a normal distribution (Figure 3.2).

According«to "this research predictions can be made that after QMS certification in
accordance, wiih, the 1ISO 9001the enterprise most probably will gain improvements in the
amount o Tuw= 15 %, yet a possibility should not be excluded that the reached benefit would
adjoin to 0% or exceed 36%, which is included in the research as the lowest and highest
evaluation of the amount of improvements.
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After general evaluation of improvements each survey questicimivas analysed. To
analyse the received evaluations more precisely, then for each evaluatwa,0f improvement
amount was given different weight: 0 (rating 0%), 1 (rating 1 — 5%), 2 ‘riting 6 — 15%), 3
(rating 16 — 25%), 4 (rating 26 — 35%) and 5 (rating 36% and more) ana“the average value,,
standard deviation and weighted average of improvement amount=were calculated (Figure
3.3).

The results of empirical research are arranged in the succession downwards, starting
with the indications of the largest weighted average improvémeart amount. The weighted
average was chosen as a primary of the calculated statisticai=inuications, because not only
ratings are taken into consideration, but also the numbe™ef repetitions of each rating.
According to the received results one can state that tiies,biggest improvements after
introduction of ISO 9001 are connected with a possibility to master new foreign markets
(Q10). When giving answer to the 10th question reprzeantatives of 50% enterprises have
indicated that the amount of improvements is 16% and inare per cents, and 40% have pointed
to 26% and more per cent improvements.
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Figure 3.3"easuits of the empiric research on the amount of improvements

Second highest evaluated improvement is the improvement of the quality of
manufactured/prosessed products (Q6). Giving answer to the 6th question again 50% of
enterprise represeniiat.ves have pointed out that improvements constitute 16% and more, but
26% and morasImiprovements were mentioned by 30% enterprises. Comparatively high
improvemencseaere pointed out also in the second (Q2) and seventh (Q7) questions. In both
questions /5% and more improvements were pointed out by 40%, but within the range from 1
— 15%, respectively were indicated by 60% enterprises. The third place in the rating of
amount of improvements is given to Q7 — reduced ratio of customers’ complaints about the
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product, but the fourth place to Q2 — reduced ratio of product defects. Aithough both of these
questions have the same weighted average and also average values, yéowalues of standard
deviation are different.

The fifth and the six places in the ranging are taken by Q1" anu” Q9. When giving
answers to the first question 50% enterprise representatives have peinted’ out that the amount
of improvements constitute 16% and more, but the remaining 50%ave indicated 1 to 15 %
improvements. Answering to the ninth question 50% enterprise fepresentatives have pointed
out that the amount of improvements constitutes 16% anc. racie, 40% have indicated
improvements from 1 to 15%. According to the weighted average (from 1,8 to 1,6) questions
Q8, Q3 and Q5 are placed in the 7-9 places (Figure 3.3). Tiiawlowest improvement amount
evaluation is given to the fourth question. Half of the surveyed enterprises have pointed out
that the amount of improvements is within the range of 1 — 5 %.

After summarization of the results given by SME2»af mechanical engineering one can
conclude, that in no one of the survey questions the givea,iraprovement amount would be 0%
(no improvements at all). Therefore according to thereséarch results, it can be regarded that
improvements after the implementation of the 1% YGUl are to be expected regarding all
questions. Having evaluated the results of empirical research one can be expected that for
enterprises of mechanical engineering after QMS eartification according to the requirements
of ISO 9001 standard export possibilities will growralso product quality will be improved, as
a result customers’ satisfaction with the finalsprodust will be raised and the ratio of product
defects will be reduced.

Chapter 4. DESIGN AND DEviely, OPMENT OF METHOD OF
QUALITY SYSTEMS APPLICATION

Chapter 4 of the doctoral dissertction studies the third work task, describing consistently
the sequence of development of Methoc, of Quality Systems Application (hereinafter — QSA
method) envisaged for the use of knowiedge incorporated in QS in the management of small
and medium enterprises of mechanical engineering and enterprises of other sectors. The
developed QSA method consisty 0f+ steps, 3 of which are set out in this Chapter — selection,,
analysis and synthesis of three.«quality systems.

4.1. Theoretical background for analysis of persons at the highest level

The development of DSA method was started with the summarisation of the conclusion
of scientists and researchers about the importance and effect of PHL on enterprise
management. Importarg: Hf PHL and their activities are widely discussed in literature.
Several different teimsare being used in QS that are to be attributed to enterprise
management. Theoreticians and practitioners are being analysed within framework of the
thesis that have focused on the explanation of importance of manager’s functions and
activities.

The first anu“in the world best known developers of the quality philosophy, such as W.
Edwards Demting [11], Joseph M. Juran [25] and Philip B. Crosby [10] have stressed the
importanc..of PHL, which is at the basis of any successful operation of an organization. The
importance of ‘managers/leaders is emphasized also by contemporary theoreticians and
practitioners — John S. Oakland [39] has made contribution to leadership issues, D. L.
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Goetsch, and S. Davis, believe that leadership is an intangible concept gwing tangible results
(23), B. Bergman, and B. Klefsjo stress the role of management, especiai’y,.fop management
and involvement into quality improvement [5], as well as other authors:J. Adair, [1], N.
Jabnoun and H.A. Al-Ghasyah [23], G.K. Kanji, [26] have made stud es on leader’s activities
and qualities. The importance of persons at the highest level is emghasized also by Latvian
scientists and practitioners — I. Forands [15], [16], as well as J. Leilasds/and Dz. Putnis [6].

Sources of scientific literature discuss broadly a stanapeint on leadership and
management, besides there are different points of view amongautriors: P. Taffinder [48], D.
L. Goetsch, and S. Davis, [17], as well as R. D. Snee and R.}¥hoerl [46], B. Bergman and
B. Klefsjo [5], I. Forands [15], M. Bozi¢ [7], J. Kotter [27]ae.well as F. A. Meyer [35], P.
Syddnmaanlakka [47], J. Adair [1]. A literature review “and views on leadership and
management have been conducted.

In the doctoral dissertation a neutral attribute — person at the highest level — is being
used instead of the term top management in order not ta.stress any of the discussed theories,
as well as to use a possibly general attribute and (is/ajresult to identify a broader set of
activities implemented by PHL.

4.2. Development of QSA method: step 1™\selection of three quality systems

The 1st step of the QSA method develcameni — selection of the quality system was
started with the selection of criteria needec: tGmassessing the suitability of QS. Since the
development of QSA method is aimed at the,pereons at the highest level, then QS was chosen
according to such criteria, so that 1) it wewu!athe possible to study activities of PHL and 2)
they would be suited for the special targét group of the research. The author of the work has
developed seven criteria needed for the asseesment of QS suitability.

The following criteria were worked out for QS selection:

1) Appropriate for forsmal!l and medium-sized enterprises;

2) No restriction on the'sgonomic sector;

3) Managerial principles are included;

4) Activities to be‘pesformed by the persons at the highest level of organization
are defined;

5) Internationally recognized and distinguished;

6) Periodically reviewed and updated,;

7) Known agases‘used by enterprises in Latvia.

After the assessmemt i QS it was decided to use in the development of QSA method
three QS recognized glguidty.

This Chapter desciites all four implementation tasks of Step 1 (Table 5.2.), as well as
gives general description and substantiation of selection of ISO 9001:2008 Quality
management systems — Requirements (hereinafter ISO 9001), European Foundation for
Quality ManagenienaExcellence Model (hereinafter EFQM Excellence Model) and Malcolm
Baldrige National Caality Award Criteria for Performance Excellence (hereinafter MBNQA
Criteria for Peyitrmance Excellence).
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4.3. Development of QSA method: step 2 — analysis of three quaiity systems

Step 2 of the development of QSA method covers analysis of thre2 selected QS: ISO
9001 [22], EFQM Excellence Model [12] and MBNQA Criteria for Perfarmance Excellence
[37]. The analysis was carried out to identify what terms for PHL desigmation are being used
in each QS, as well as a possibility to compare them mutually. {T£rnis being used for the
designation of PHL activities are also been assessed. In order t¢identify terms used for the
designation of PHL and their activities the respective chapters itnd criteria of selected QS
were studied. Mutual comparison of terms allows to understand \«!iich terms are dominating
in each QS, and definitions help to understand to the meanini,of PHL activities. After an in-
depth analysis of terms it was stated that in each quality system different terms are being used
for the designation of PHL and their activities, and explanation of definitions also differ. The
diversity of terms used within the three QS are not a“gwound to declare that QS differ from
each other also as regards the content, therefore in the zad siep of QSA method QS principles
were also analysed. Initially principles of each QS svere studied separately, afterwards the
content similarities were analysed mutually, nayw'gs particular attention to principles
emphasizing participation of persons at the highest_levei. As a result of mutual comparison of
QS it was established that QS have different Sisiicture and application. Although usage of
EFQM Excellence Model and MBNQA Critefiasfor Performance Excellence is similar —
making self-assessment for the preparation ef aprlicition for quality award, yet the structure
of both QS is different. The structure and usige uf 1ISO 9001 cannot be compared with both
quality award models. Regarding the contens,QS'are similar because of the fact that activities
to be performed by PHL are defined and iri €atinof them one principle is about the importance
of PHL in the organization.

Since the development of QSA prethuesis aimed at the improvement of PHL activities
the suitability of QS application waswverified to find out whether QS can be used as an
instrument improving the PHL perrorrijance and allowing to achieve the objective of the
Thesis. The Author has gained confirination that the three selected QS (ISO 9001, EFQM
Excellence Model and MBNQA Criteria for Performance Excellence) can contribute to the
improvement of PHL activiticss therefore the next step of Method for AQS can be
implemented.

4.4. Development of QSA method: step 3 — synthesis of activities of persons at the
highest level

In the 3rd step of the asvelopment of QSA method — synthesis of activities of persons at
the highest level, an iri.tepch comparative study of PHL activities is carried out to establish
uniting and different irianagerial activities in the context of QS. Mutual comparison of QS was
done evaluating the degree of similarity of PHL activities. The mutual comparison of selected
QS was carried outas follows:

1) Subchapis/(5.1.-5.6.3.) of Chapter 5 of ISO 9001 standard are compared with

paragranris«(la.(1) — 1e.(9)) of Criteria 1 of EFQM Excellence Model;

2) Suienapters (5.1.-5.6.3.) of Chapter 5 of ISO 9001 standard are compared with

pixagraphs (1.1a[1] — 1.2c) of Criteria 1 of MBNQA Criteria for Performance
Excellence;
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3) Paragraphs (1a.(1) — 1e.(9)) of Criteria 1 of EFQM Excellence ‘wadel are compared
with paragraphs (1.1a[1] — 1.2c) of Criteria 1 of MBNQA Criicpia, for Performance
Excellence.

Three tables (matrices) were developed for making comparison,ncluding the degrees of
similarities of PHL activities. Assessment of linkages having threesgifferent levels, allowing
to determine simultaneously the closeness of linkages between“TH._ activities and gain
quantitative values. Three rating levels are used in the comparison“e# linkages between PHL
activities: “5” (very close link), “3 “(medium close link) and “1’[ (jve¢ak link).

Carrying out mutual comparison of QS to determine thesdegree of similarity of PHL
activities between corresponding subchapters/subcriteria 07 %S0O 9001, EFQM Excellence
Model and MBNQA Criteria for Performance Excellence it was.established that there are very
close, medium close and weak links among three systems, and also that there are no links
between definite PHL activities. Assessment of all thre#»QS was carried out in the course of
comparative analysis. Simultaneously a comparative analys.s of two systems was carried out
allowing to determine in which sections of “one” sj’steth one can identify similarities with
some of sections of the “other” system, and vicefveisa, in which sections of the “other”
system similarities can be observed with the sectiomsaf the “first” system.

Based on the results of analysis of PHL “warms (step 2) and results of comparative
analyses and synthesis of PHL activities at the ¢nd W#step 3 of QSA method there are defined
three types of activities by PHL — management,_icad<rship and governance (hereinafter M-L-
G). To substantiate the three defined typesiof PHL activities, research papers have been
summarised where authors separate three management types. N. Salenieks, [24], [9], as well
as Luc E. Weber [49] and M. Pupius [4A1] pweints out to the leadership, governance and
management.

Chapter 5. CHARACTERISTIC ACTIVITIES OF PERSONS AT THE
HIGHEST LEVE - AND THEIR EVALUATION

Chapter 5 of the doctoral dissertation includes solutions of tasks four and five of the
thesis, studies theoretical aspects #% PHL activities and makes practical researches on SMESs
management skill improvenieat. €hapter covers the final step of the development of QSA
method and the developed activities for its practical application. The validity of PHL
activities developed by the author is tested and confirmed. Practical part of the Chapter
consists of the experimental wsting of the results of theoretically developed QSA method,
analysis of the obtained*tcia and processing of results with statistical methods. The most
important PHL activiti¢s and their implementation level in practice have been stated from the
point of view of SMEs=Fossible scenarios have been drawn up and the research method
selected for the developnient of recommendations.

5.1. Develogirant of QSA method: step 4 — interpretation of PHL activities

In the final step 4 of the development of QSA method — interpretation of PHL activities
- interpretatien, of characteristic activities of PHL is carried out based on the terms used in
three QS/*for designation of PHL activities, the proportional amount of types of PHL
activities, as weil as types of PHL activities identified in literature.
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Table 5.1

Key activities for the persons at the highest level

© © © ’
o] o] o]
; Management activities ; Leadership activities ; ; Governance activities
(7] wn (92
|
M1 Creation of the quality L1 Involvement and ol | Responsibilities to the
policy encouragement of people | 7 society
Selection of methods .. |
for customer Provision of Attraction of independent
M2 . . L2 | sustainability to an | G2 . P
satisfaction - advisory body
organization
measurements
Definition of Communication on Performance evaluation of
M3 | responsibilities for L3 | development directians G3 | the chief executive and
people of an organizatioy member board

Capability forrapichy

Review of objectives s
changes, analvsis o«

Establishment of system

M4 | and assessment of L4 | . . G4 | for strategy
internal antssxternal . .
performance . _ implementation
environmer:
Balance of resources to
ensure the Promotign-ef.people Anticipation and dealing
M5 . L5 . G5 . .
effectiveness of an potentiaraad growth with concerns of society
organization
Appointment of
management Estohlisiment of .
gemer - Development of ethic and
M6 | representative to L6 | giganizational structure G6 behaviors model
establish the quality and.related mechanisms

management system

Observation of the
statutory and
regulatory
requirements I

M7

PHL activities are classified into three groups (M-L-G) according to their features
(typical characteristics), which were stated comparing PHL activities among three QS. Figure
5.1 shows that a combinec corparing has allowed to analyse simultaneously all three QS and
to determine three typesssi =HL activities — management, leadership and governance, which
would not be possible i Uie,developed QSA method would be used analysing only one quality
system. As a result ef.devgiopment of QSA method three types of PHL activities were defined
— management, leaderstiip and governance, as well as 19 key (Table 5.1.) and detailed
descriptions (were included in the survey) of PHL activities were developed.

5.2. Sunimary=0f the development of Method of Quality Systems Application

The G3:, method developed by the author in general consists of four steps (Figure 5.1).
All steps zxe interrelated and each following step is being developed based on the results of
previous step, trierefore they are to be used in succession. For the implementation of each step
of QSA method it is necessary to perform several (three or four) tasks listed in Table 5.2.
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STEPS: 1. Selection of systems

2. Analysis ——— 3. Synthesis ————%4_Interpretation

\
% %’» IS0 9091 standard ‘ M anagement activities
SE requirements \ | s
(=) H e
‘—I" § Peoplfe?/tetlh:nzlghest Types of activities: /!
= EFQM Excellence AR 1) management (M) ‘ . -
T = o »  their activities > . (/= Leadership activities
= @ Model criteria - 2) leadership (L)
S £ In management ( {
S svstems 3) governance (G)
S 2 worator 1] y |
£ 5 MBNQA Criteria for ] Governance activities
S Performance Excellence

Figure 5.1. Method of Quality Systems Appiication

The QSA method can be implemented taking into Ceasideration the sequence of all
steps and tasks. In the development of QSA method the scientific research methods of quality
management field were used.

Table 5.2

Tasks for the implementation of Method Of Guality Systems Application

To develop criteria for evaluating the anaropi iateness of management systems
€ | within the identified needs/scope
- *&i To identify the existing managementsyatems in accordance with the required
§ % needs/scope —d
@ S | Toassess the selected manageme: it systems according to criteria
[&)
§ To select the most appropriate mariagement systems
To determine used terms ant thei/ interpretations in management systems to
designate person at the hi¢nesulevel
~ |2 To evaluate the guidancesin aie management systems for activities taken by the
o % person at the highest leval
n Z To compare the principles of management systems and to identify their
interrelationships and similarities
To identify links batdvein the principles and the sections and the criterion of
management systems
To determine the corresponding sections and criterion in the management systems to
- | 2 compare actiyfties for person at the highest level
o % To carry out'a comparison between activities implemented by person at the highest
» | S| level
A —
To definesthe/ypes of activities for person at the highest level (M-L-G)
To develop key activities for person at the highest level and to classify them by
c types of activities
;_ % Tofreiaw and to adjust key activities of person at the highest level by considering
I g Specific needs/scope
o "odevelop detailed descriptions of activities (criteria) for assessment by measuring
= 4| “imanortance and performance

The QSA method is a new solution allowing to combine guidelines/requirements to the
enterprises’ PHL given in three different QS, thus identifying a possibly wider range of
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management skills. The author has not found any information in literatuva,that previously an
equivalent study by combined use of three quality systems has been perfgiinaa.

5.3. Approbation of results of theoretically developed QSA rieuved

According to the developed QSA method, 19 key activities ofiP!i) were established and
these activities were analysed in practice to test the research Iymouiesis and state whether
there is any difference between the actual and expected manager;ainerformance level. To find
out the opinion of SMEs representatives, technique were deveiched which helped to assess
the importance and performance levels of PHL activities. The'objective of the development of
technique was 1) to get evaluation from PHL, whose erterprises have a certified QMS
according to the requirements of ISO 9001; 2) to gather and analyse key activities of PHL
being put into practice in SMEs in Latvia. The deve'aped technique for the assessment of
PHL activities envisages combined use of three research itethods (survey, Lickert scale of
evaluation and IPA analysis). To get the assessmant from the SMEs representatives
(managers/owners/quality managers) a specially aatiohed questionnaire was used. The
questionnaire is structured in three parts. The first paraaf the questionnaire comprises general
questions, and the second part includes the dewalopeu technique for the assessment of PHL
activities. The third part is as open-type questians so that respondents might express their
opinion.

The second part of the questionnaire ingiudes 19 identified PHL activities, which for the
purpose of learning opinion were developec,iri“the form of detailed questions. The technique

questions carries out self-assessment. (Xespondents simultaneously assessed the level of
importance and the level of performance,of each question (PHL activities), using the
evaluation scale from 1 to 5. Higher evaluation score means that PHL activity is more
important (“5” “vitally important” t¢ 12 “completely unnecessary”) and performance higher
(“5” “excellent” to “1” “do not implernent”).

At the end of survey there were gained data from 13 manufacturing, including
mechanical engineering (23% @1 the total sample) and service sector SMEs, which have a
certified QMS. The average‘age of‘enterprises involved in the survey is 11,3 years; it means
that experienced and stable enterprises participated in the survey. The experience of
enterprises to work according to the requirements of ISO 9001 is proved by the fact that 9 of
13 enterprises have had atileast"one or several recertification audits. For all 13 enterprises the
market of manufactured=g.ouucts / provided services is Latvia, but 31% has market also
outside Latvia.

A technique workce-out by the author allowed to learn and assess the opinion of SME
representatives on the imiportance and performance levels of 19 PHL activities, as well as gain
results for testing the research hypothesis.

5.4. Proeessing’and analysis of research results

The réaults of empirical research on the levels of importance and performance of PHL
activities ) rere processed using IPA analysis and making a two-dimensional grid (envisaged
by the technique for the evaluation of PHL activities developed by the author). The IPA two-
dimensional grid is formed by two mutually perpendicularly intersecting coordination axes
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where horizontal x-axis indicates evaluation of “performance” of PHL ‘aetivities, but vertical
y-axis - of “importance” (Figure 5.2). To find the crossing point of &xses,and position of
evaluation of PHL activities in the coordinate system the averagesvaiuaof all importance
scores and separately the average value of all performance scores ai= being calculated. The
intersecting axes form four quadrants where each has its own meaning34].

The PHL activities in quadrants of IPA grid are placed in thatfo.lowing way: 10 PHL
activities’ ratings are placed in quadrant B “Keep Up The Good vverk”, in quadrant C “Low
Priority” 6 PHL activities’ ratings are placed, 2 of PHL acfiv/ti’s’ ratings are placed in
quadrant D Possible Overkill”, and in quadrant A “Concentraia Here” only 1 rating of PHL
activities is placed. The biggest part of ratings of PHL activities,is placed in two quadrants B
and C (Figure 5.2). The total average of importance scores is 495 and for performance scores
3.57.
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L2 * 65’ "7
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* L5
* M2
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L4 #G4 #M3 & M5
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3,5 .
E *aG3
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25
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Performance

Figure 5.2. Evaluation results of activities for the persons at the highest level

The PHL activities, wiiieh o Figure 5.2 are located in quadrant B, show that they are
important for enterprise representatives, as well as that in enterprises they are being used with
the sense of responsibility.,In quadrant B more than a half of all key activities for PHL are
located. There can be aleo Ouserved that activities that have received the highest average
rating of importance have raceived also the highest rating of performance (M7 and G6). The
remaining eight PHLa.tivities have been evaluated as reasonably significant and the
enterprises have alseaivedt high score to their performance level. The fact that all activities
located in quadrant B are higher than the total average of importance and performance scores
also should be taken into consideration. Location of PHL activities in quadrant B points out to
a successful resull a7, means that PHL should maintain their activities at the present level.

6 of 19 PiY_dctivities are located in quadrant C, pointing out that in enterprises they
have received(1owsratings and are less important to be given resources and be practically
implementZd. e PHL activities (G2 and G3) are to be regarded as express insignificant
because tiey*rave received the lowest ratings. All PHL activities located in quadrant C are
below the average importance and average performance levels. It would be an unjustifiable
decision to concentrate on the investment of additional resources to improve the performance
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of activities in quadrant C because definite PHL activities have been, evaluated as less
important as compared with other — higher evaluated activities.

Both PHL activities located in quadrant D cannot be «rege:ded as expressly
overestimated from the representatives of enterprises (are not located in“the central part of
quadrant). However placement of activities (M1 and M6) on IPA griasshows that as compared
with other 11 activities (in quadrants A and B) they both have beerin¢iven smaller importance
evaluations, nevertheless enterprises are investing their efforts (resourtes) and are performing
them with responsibility.

The only PHL activity (L4) located in quadrant A is prewtarnatic. Although the activity
has been evaluated as rather significant (another three activities,have received similarly high
but eight lower ratings) yet enterprises are not performing it with sufficient responsibility and
have not given it sufficient resources, because average value of L4 performance is below the
total average value of performance ratings. Location of F!!_activity in quadrant A points out,
that enterprises should pay it more attention and“find appropriate solutions for its
implementation.

As a result of organized survey a broad set &% data was obtained giving an insight into
characteristic activities of PHL. Construction of ¥™2, grid helps to perceive and thus also to
analyse and understand, which PHL activities Irithe opinion of SMEs representatives are
more valuable and help to run the enterprise. Aveiaae values, standard deviation have been
calculated for the obtained importance and’ pariGimance ratings, as well as ranging of the
gained evaluation has been made. Mutually €amparing the average values of importance and
performance scores of each PHL activity one,can conclude that the surveyed enterprises are
performing all PHL activities on lower lavel (berformance) than they have evaluated their
importance. The made conclusions provid'a essential information for testing the hypothesis put
forth by the author.

5.5. Processing of evaluation¢ of PHL activities by correlation and regression
analysis

As a result of approbation, of theoretically developed QSA method quantitative
indicators have been obtained, Torshe study of statistical relationships of which correlation
and regression methods were useu. Empirical data were obtained from the results of survey
where 13 enterprises participated and evaluated 19 PHL activities (altogether 494 evaluations
were analysed). In the suryeyaach PHL activity was evaluated from two aspects — importance
and performance, and a saa'="irom 1 to 5 was used for the rating. The correlation method was
chosen to determine ywvizether an interrelation can be observed between importance and
performance rating,ana-2«hether these two variable values (X, Y) affect each other (if
importance has receiveu*d higher score then the performance rating tends to increase or quite
contrary — to diminish). Since it is necessary to find out relationship between two variables a
simple linear regiession is being used. After the construction of correlation diagram it was
stated that for the medelling of relationships, we are interested in, a linear model is to be used.
In correlations~¢iagram importance is marked on x-axis and performance on y-axis.
Respondenis usad a scale from 1 to 5 for the evaluation of importance and performance of
each PHL/ aetivity (in the questionnaire). Thus linear relationship satisfies the research needs
because the model will be used only with real positive numbers.
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Figure 5.3. Scatter diagram and regression line: impbrfance (Ox) and performance (Oy)
evaluations of PHL activities

Data on population elements are not knowvea: therefore parameters are evaluated by
respective sample parameters. A simple lincarysegression model which describes the
relationship between two variables is [45], [442:

Vi = bO + bllj + e; (51)
(i=1.n),
where y; —the i th value ct\the /dependent variable;
Xi — the i th valug'urthe explanatory variable;
ei — random errar;
bo — the value f th2 intercept;
b; — the value of the slope;
i — the value for subject;
n—sampl2#iz:.

Using the statistical data citained by the survey the values of parameters by and by were
established by the least squares method that minimize the sum of squared deviations €; of
observations [45], [28]. By'the help of this method for the calculation of the intercept and the
slope formulas [44] are beiaa Lised:

_n Zzl:l Xi¥i = Li=1Xi Ni=1 Vi

S R g AT (>2)

and

b, ?=13’i _nb1 Z?=1 Xi (5.3)

Carrying out calculation according to formulas (5.2) and (5.3) the value of the intercept b,
and the vziue.of the slope b, were established.
b, = 0.899, but b, = —0.075
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According to formula (5.1) the linear regression model was gained:
y; = 0.899x; — 0.075,

where y;— evaluation of performance of PHL activities
Xj — evaluation of importance of PHL activities
The obtained equation is graphically plotted into Scatter diagram‘(-icure 5.3) as a straight
line. When the Scatter diagram has shown that there is relationsinp.between importance and
performance evaluations of PHL activities, the closeness of t iy relationship should be
established. Since both variable values (importance and perfarriwance) are measured on an
interval scale, for the calculation the Pearson’s correlation cosficient is being used.
As a result of calculation [18] it was stated that correlduan coefficient for the sample is:
r = 0.858

To make sure that the obtained Pearson’s correigtion coefficient can be used for the
determination of relationship between two variablesithe’ obtained coefficient module is
compared with critical value r,, (¢ = 0.05). Singe /hz coefficient module |r| = 7,., =
|0.86] = 0.533 is larger than critical value comrgiusioins can be made from the obtained
correlation coefficient. The obtained correlation ceefficient value r = 0.86 asserts that there is
close relationship between the importance and periarmance evaluations of PHL activities.

To find out whether the obtained mod¢i pradicts and characterises the relationship
sufficiently well a coefficient of determifiatior=caiculation [18] is done. When making
calculation it was stated that determination cexfficient of linear regression model is:

R? =0.74
hence it can be concluded that in about.74% vases the performance scattering part can be
explained by the influence of importance, Th coefficient value is close to 1; it means that the
prediction quality is good (0.5 < R? </UQ).

Application of regression model“apractice is possible in cases when any of 19 PHL
activities is being evaluated only ‘regirding importance (rating can vary from 1 to 5).
According to the gained regression model it is possible to forecast the performance level of
PHL activities in the enterprise. An example is the performance level of PHL activities where
importance is estimated with ,;4%. JAssuming that x = 4, one can calculate that in case the
enterprise representative has “ewaluated the importance of PHL activity by “4”, the
performance level of PHL activity will be y =0.899 x 4 —0.075 = 3.52,

The obtained regreSytan model allows to predict the performance level of each PHL
activity if the importance szore of each respective PHL activity (19 altogether) is known.

To find out the relaticnship of importance and performance ratings of PHL activities
gained, as a result of empirical research, calculation of regression and correlation indicators
was done. A linear regrassion was gained allowing to model the level of performance of PHL
activities depending on the importance level, using linear trend.

5.6. Scenarioé end research method for the development of recommendations

The authGiwin consultation with professionals in the field of quality management has
identified geveral, possible scenarios for the development of recommendations for leading
persons Q. 1wachanical engineering sector. Having assessed the possible scenarios the author
has chosen the following one: to carry out evaluation of 19 PHL activities identified as a
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result of analysis of three QS, using 10 questions developed for the enterprises of mechanical
engineering, using the principles of Quality Function Deployment (QFD)"iisathod.

The author of the work uses QFD method to find out the relatiopsnin/oetween the PHL
activities (defined as a result of development of QSA method) and 10 juestions of assessment
of improvement amount (developed for the assessment of emtgrprises of mechanical
engineering). The author believes that it is possible to find_ouitbese two relationships
because: 1) validity of PHL activities has been tested and conwizned; questions for the
assessment of improvement amount have been developed based /or "the approbated research
results; 2) in both empirical researches positive results wgee, yained, assessing both the
importance and performance levels of PHL activities an¢”exnected improvements in the
enterprises of mechanical engineering after certificatiorrsof QMS according to the
requirements of 1ISO 9001.

In order to implement the scenario for developmzat of recommendations, a matrix is
worked out where on horizontal rows 19 PHL activities ateut, but vertical columns cover 10
questions, which the author has developed for the dfterdination of improvement amount in
enterprises of mechanical engineering. The matrixyfas prepared using QFD Matrix Business
Improvement Software. Establishment of relations'p.between PHL activities and question of
each improvement amount was performed by tricsauthor of the work, quality management
representative of JSC Sidrabe and foreign expert 1irthe field of quality management. For the
development of recommendations QFD maitrisresults were used, combining the opinions of
all three evaluators. Relationship betweerthe PHL activities and questions assessing
improvement amount were stated in 81% cases. The stated closeness of relationship
characterises a very high correlation between irbplementation of PHL activities and possible
improvement areas, therefore the gaiviad Jesults can be used for the development of
recommendations for PHL of mechanigdai&ngineering.

Chapter 6. CONCLJSI'WDN AND RECOMMENDATIONS

The chapter reviews the objective of the doctoral dissertation, implementation tasks and
research hypothesis, as well ag” states developed recommendations for small and medium
enterprises of mechanical engireerifig and gives advices for further researches.

The objective of the doctoral dissertation was to develop a Method of Quality Systems
Application to facilitate use of knowledge incorporated in quality systems in the management
of small and medium @nterprises of mechanical engineering. The defined problems
concerning insufficient niaiiagement skills incited the author to develop a research hypothesis
— there is lack of managierient skills at small and medium-sized enterprises in Latvia.

Five tasks wera swded to reach the advanced objective of the doctoral dissertation,
which have been completely fulfilled during the research work and the work objective has
been achieved.

One of the migst significant developments of the doctoral dissertation is 19 PHL
activities (Chaptar 5] Table 5.1), which the author has established as a result of combined
analysis of  threesQS (ISO 9001, EFQM Excellence Model and MBNQA Criteria for
Performance Exesllence). As a result of broad literature review the author has not found
publicatiens “where previously any author would have suggested combined application of
three QS, which would result in the identification of 19 PHL activities, therefore QSA method
proposed by the author should be considered as original.
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Evaluation of the level of importance and performance of 19 PHL "astivities in SMEs in
Latvia confirmed the hypothesis stated by the author. According to #giings given by the
representatives of SMEs (Figure 6.1) it was established that none of 19.FHL activities has
received higher score regarding performance than importance.
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Figure 6.1. The gap between importangeand performance evaluations of PHL
activities

The fact that importance level of 19 PMI_“estivties was evaluated higher than their
performance level confirmed the hypothelis siated by the author — there is lack of
management skills at small and medium entexbrises in Latvia.

To promote improvement of manajemznt skills the work author advises the following
recommendations for the persons at the siaricet level of SMEs:

1)

2)

3)

4)

To put into practice activiiies.,which the author has defined according to the
developed QSA method (thal combines knowledges for the improvement of
management skills incorporated in quality systems.

To apply detailed descriptions of PHL activities in order to carry out self-assessment
of managerial activitizs”111plemented in the enterprise, and/or as an information
source of new knowiadge and ideas for the application of business improvement,
thus taking into account requirements/ guidelines for the persons at the highest level
of the enterprise;vacluded in the quality systems.

In cases when thaysersons at the highest level of the enterprise encounter difficulties
in rating the georfGrmance level of activities implemented by PHL, to carry out
evaluation_aritizof importance level of 19 PHL activities and, according to the
mathematical "0del developed by the author to determine the performance level of
19 PHL activities depending on the score given to their importance.

To use fevaipations of profesionals in the field of quality management, which has
stated <hat“implementing 19 PHL activities improvements are to be expected in all
ten (peeific areas to enterprises of mechanical engineering, and it would
signitieantly improves the quality of products, reduces the ratio of customer
cormplaints of product, as well as optimize production/ processing processes.

32



Scientific developments of the author can be useful for further theesatical and practical
studies of activities to be performed by persons at the highest level. Furtiigwresearches can be
conducted to test the implementation of PHL activities in large compcnies or within any
industrial sector. Principles of QSA method in the future can be apiliea*for the analysis of
requirements/criteria of other quality systems and to carry out assessment of application, thus
developing combined use of quality systems.

The author of the work has carried out research on the assessment of improvement
amount (after certification of the quality management system ac:q a ng to the requirements of
ISO 9001) in small and medium-sized enterprises of mechagieal engineering. The obtained
research results show that it would be useful to carry out gcesarches on the influence of a
certified QMS also on other sectors and size classes of enterpiiess.

In the future a repeated research might be done in order to determine the proportion of
enterprises in Latvia, which have certified quality m=magement system according to the
requirements of 1SO 9001, in case if a complete regiswar.of certified enterprises is renewed
/drawn up in Latvia, which at present is not available (o} the researchers.
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RESEARCH RESULTS AND FINDINGS

The doctoral dissertation proposes a solution how to improve the,skills Hf persons at the
highest level in the management of small and medium enterprises. Ag a result of research the
following results and findings were gained:

1)

2)

3)

4)

5)

New Method of Quality Systems Application has been duveléped and approbated,
consisting of four steps and consequently performed tasks. Ceatrary to the accepted use
of one quality system a synergic use of three different gys.ems is proposed, ensuring
mastering of wider enterprise management skills. QSA metdd proposed by the author
is suitable for small and medium enterprises of mechaxical engineering and any other
sector.

Applying statistical observation, grouping and sampling, a method has been developed
and it has been stated that in Latvia the biggest pamber of certified QMS are in small
(42%) and medium (39%) enterprises. The third masc active group is large enterprises
(constitute 14%), but the least interested in cettification of QMS are micro enterprises
(5%). The research results show that in Latvii.the number of certified QMS compared
to the number of economically active enterpyises s comparatively small (about 1%), but
it does not differ from the situation in other eltic states where the situation is similar.

According to the developed method tae rroportion of enterprises in mechanical
engineering by size-classes which have uie.cértificate of conformity to 1ISO 9001. The
gained results show that situation insmieshanical engineering sector is similar to the
general situation in Latvia — the biggast-aumber of 1ISO 9001 certificates is in the group
of small and medium enterprises. viten comparing the proportion by enterprise size-
classes in Latvia and in mechanical engineering sector, it was stated that it is different —
in mechanical engineering secto the biggest part is constituted by medium enterprises
(59%) and nearly one third /5 made by small ones (29%). The remaining part is
constituted by large (8%) and nvisxo size (4%) enterprises.

According to the results of statistical data processing one can conclude that 6% of all
enterprises, which in Latyia®have certificate of conformity with requirements of I1SO
9001, are constituted by«the“€nterprises of mechanical engineering. Comparatively it is
3.5 times less than on the average in the world where enterprises of mechanical
engineering have wmoved forward to the leading five according to the sector
classification. It shews nat in enterprises of mechanical engineering certification of
conformity with requicements of 1SO 9001 in the world generally is widely spread and
should be charactariséd as high, while in Latvia it should be characterised as low.

As a result of efipirical researches it was stated that in SMEs of mechanical engineering
sector in Latvia after QMS certification 6 — 15% large improvement amount is possible
in ten areas.of business. A possibility to master new foreign markets is the highest
evaluated ixprovement, and then follows a possibility to improve the quality of
products, to*aduce the ratio of customers’ complaints and ratio of produced defects.
Accoreing tothe data given by enterprises one can conclude that in all ten studied areas
of br'siness improvements are to be expected after certification of QMS, because in no
ared the rivost often given amount of improvements was 0% (no improvements).
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6)

7)

8)

9)

Four QSA method steps have been developed — 1) selection Giwaquality system, 2)
analysis, 3) synthesis and 4) interpretation. Each step of QSA methGuneonsists of several
tasks — altogether 14 implementation tasks have been developed. Thiee types of PHL
activity have been established within the QSA method for £QS.”management (M),
leadership (L) and governance (G). As a result of performed asa'ysis new types of PHL
activities are not proposed, but key activities has been stateGwor'each type of activity,
which were defined as a result of a combined analysis of tnree#QS. According to QSA
method and its implementation tasks altogether nineteer. key~activities that are to be
implemented by the enterprise’s PHL have been defined

19 PHL activities, that have been defined as a result o' thewresearch, can be used by the
enterprises’ persons at the highest level not only in Latvia, but also in other countries,
because 19 PHL activities, which have been .established as a result of combined
application of three quality systems, has been verined, through international researches
by other authors.

The technique for the approbation of QSA metaidiresults have been developed for the
evaluation of the importance and performance Iev¢l of 19 PHL activities. The technique
has been specially designed for the needs“ef research and they allows simultaneously to
characterise the level of understanding of Zterprises’ representatives of the importance
of PHL activities, as well as demonstrates.the level of activities implementation and
application skills in enterprises.

By collecting and assessing evaluatians given by SMEs on the importance and
performance levels of 19 PHL activities 12 research hypothesis was tested. Comparing
mutually average values of importence and performance of each PHL activity as well as
average values of all PHL activitiesorie can conclude that the surveyed enterprises are
carrying out all PHL activities oinafower level (the average value 3.57) than they have
assessed their importance (the arverage value 4.05). The hypothesis stated by the
research was confirmed because there is difference between the actual and expected
level of managerial performance in SMEs in Latvia.

10) As a result of approbatioi=0f/QSA method quantitative data were obtained and it was

stated that activities of PR importance and performance levels closely correlate (r =
0.86). Since the prediction quality of linear regression model is to be characterised as
good (R? = 0.74) thelthis model can be applied in cases where 19 PHL activities have
been evaluated only t=garding one factor — importance.
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