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Ladies and Gentlemen,
Foundation of Management (FoM) journal was established at the Faculty of Management at Warsaw Univer‐
sity of Technology in order to provide an international platform of thought and scientific concepts exchange
in the field of managerial sciences.
This new publishing forum aims at the construction of synergic relations between the two parallel trends
in managerial sciences: social and economical – originating from economic universities and academies and the
engineering trend – originating in from factories and technical universities.
Three of the great representatives of the engineering trend in managerial sciences ‐ American Frederic W. Tay‐
lor (1856‐1915) – developer of high speed steel technology and the founder of the technical with physiological
trend in scientific management, Frenchman Henri Fayol (1841‐1925), the author of basics of management and
the division and concentration of work as well as the Pole Karol Adamiecki (1866‐1933) graduate of the Saint
Petersburg Polytechnic University and the professor of Warsaw University of Technology, creator of the time‐
scale system elements scheduling theory and diagrammatic method as well as the basics of the division
of work and specialization – have, on the break of the XIX and XX century, all created the universal founda‐
tions of the management sciences. Therefore the title of the Foundation of Management is the origin of the
scientific and educational message of the journal that is aimed at young scientists and practitioners – gradu‐
ates of technical and economic universities working in different parts of Europe and World.
The target of the establishers of the Foundation of Management journal is that it will gradually increase its
influence over the subjects directly linked with the issues of manufacturing and servicing enterprises. Preferred
topics concern mainly: organizational issues, informational and technological innovations, production devel‐
opment, financial, economical and quality issues, safety, knowledge and working environment – both in the
internal understanding of the enterprise as well as its business environment.
Dear Readers, Authors and Friends of the Foundation of Management – our wish is the interdisciplinary per‐
ception and interpretation of economic phenomena that accompany the managers and enterprises in their
daily work, in order to make them more efficient, safe and economic for suppliers and receivers of the products
and services in the global world of technological innovation, domination of knowledge, changes of the value
of money and constant market game between demand and supply, future and past.
We would like for the Foundation of Management to promote innovative scientific thought in the classical
approach towards economic and engineering vision of the managerial sciences.
The Guardian of the journal’s mission is its Programme Committee, which participants of which will adapt
to current trends and as an answer to the changing economic and social challenges in the integrating Europe
and World.

Tadeusz Krupa
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USING LOGARITHMIC FUZZY PREFERENCE PROGRAMMING TO PRIORITIZATION SOCIAL
MEDIA UTILIZATION BASED ON TOURISTS’ PERSPECTIVE
Mina BALOUCHI*, Ehsan KHANMOHAMMADI**
* University of Tehran, Faculty of Management, Department of Business Management, Iran
e-mail: Mina.Balouchi@gmail.com
**

University of Tehran, Faculty of Management, Department of Industrial Management, Iran

Abstract: The advent of Web 2.0 or social media technologies gives travelers a chance to access quickly and conveniently to a mass of travel-related information. This study investigates the importance
of social media in travel process in three different phases (pre-visit, on site, post-visit) from the perspective of Iranian travelers. It is worthwhile to know the level of influence of social media on respondents’ travel behavior. Logarithmic fuzzy preference programming methodology is used in this
article to determine the importance of social media usage in each phase of travel process and its subcategories. Fuzzy analytic hierarchy process methodology, based on Chang’s Fuzzy Extent Analysis is also used for the data analysis, then the results of these two methods are presented for comparison
and better understanding. The results of this study suggest that the most usage of social media is on previsit phase while post-visit has the least usage. This study shows that Iranian travelers use social media
mainly to share experiences (post-visit phase), get help in different circumstances and gain travel advice.
Keywords: social media, LFPP, travel process, user generated content, tourism marketing.

1

Introduction

Web 2.0 or social media technologies provide a platform for interactive means of communication [1].
Reference [2] by implying the significant influence
of Internet in tourism marketing suggested that the
best way to access to the travel-related information is
still through social media. As they defined, the advent of the Web 2.0 developed Internet-based online
media and “shift the power” from institution to consumers (p. 1). In other words, because of the emergence of social media technologies and their impact
on tourism industry, marketing for tourism product is
facing a challenge, because the control of tourism
content is no longer in organizations hand and it has
been bestowed to the tourism product consumers.
Both tourism organizations and businesses productrelated procedures and tourists’ experience have
been touched by the introduction of information
technologies. Evolution of Internet has challenged
current interaction between tourists and businesses
and is moving toward consumer-to-consumer communication [1].
With the prevalence of social media, travel-related
activities such as the ways that travelers gain information, plan their trips and share their experiences

with other potential travelers have changed fundamentally [3]. The presence of social media allows
tourists to share their travel-related experiences
and communicate with other people. Social media
provides a unique opportunity for tourists to publish
every travel-related contents they wish for it
and for a great number of audiences, and this is despite what have been happening in the past, when
they only were able to share their information with
limited number of people.
Social media facilitates the exchange of information
among users, as there are many different ways
of communication through Internet. For instance,
social networking sites such as Facebook, Twitter,
and TripAdviser allow users to post their ideas,
while other sites such as Instagram and Flickr allow
their users to share photos or even videos such
as YouTube. These social media have a great impact
on tourism decision behavior, for example, Instagram [4] has more than 300 million active users who
uploaded more than 60 million photos per day.
In other example, TripAdviser.com [5] claims that
there are more than 200 million reviews and opinions
from travelers around the world. This number
demonstrated a significant increase from 2002 as
shown in [6] (75 million post by users).
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Social Media

Social Networking
(Estimated Unique Monthly Visitors)
Facebook 900,000,000
Twitter
310,000,000
LinkedIn
255,000,000
Google Plus 120,000,000

Media Sharing
(Estimated Unique
Monthly Visitors)
YouTube 1 billion
Pinterest 250,000,000
Instagram 100,000,000
Flickr
65,000,000

UGC Website
(Estimated Unique Monthly
Visitors)
Booking
40,000,000
TripAdvisor 38,000,000
Expedia
25,000,000

LonelyPlanet 4,000,000

Figure 1. Social media categories [10, 11]

For many years, researchers have documented the
importance of social media in decision-making procedures; however, little has explored how much travelers rely on social media in each stages of their trip.
This paper propose a framework for examining how
travelers use social media and how different aspects
of this usage shape tourism consumers’ behavior.
This study tries to highlight Iranian tourism consumers’ preference in using social media for travel and
tourism marketing and examines to what extent social media is being used on different stages of travel
process. In other word, this paper is going to evaluate relative importance degree of each factor
for Iranian tourism consumers on each of the mentioned stages with logarithmic fuzzy preference programming (LFPP). The finding of this study would
benefit travel and tourism marketing by showing
how social media impacts on travel-related experience among current and potential consumers.
The remainder parts of this paper is organized as
follows: first, a brief background of the existing literature on the subject of social media and tourism
and their relation is demonstrated. Then the criteria
and subcriteria of this study is introduced in Section
2. In the methodology section, the research steps
of this paper are illustrated and an overview of the
methods used here is mentioned. Finally, results
and findings of this paper is presented and discussed
in detail.
2

Literature review

 Impacts of social media
Social media (Web 2.0) concept revealed for the first
time in late 2004 and it works based on contents
that are generated by users as main contributors,

and since then, the growth in social media and communication technology has been dramatic. Therefore,
consumption, creation, and dissemination of information have been radically changed by social media
[3]. As Buhalis [7] stated, Internet technology “constantly increase computing speed; decrease equipment size; reduce hardware and software costs;
and improve the reliability, compatibility and interconnectivity of numerous terminals and applications” (p. 1).
Reference [8] stressed that Web 2.0 is a “platform
whereby content and applications are no longer created and published by individuals, but instead are
continuously modified by all users in a participatory
and collaborative fashion” (p. 61). Online sharing
of consumer-generated contents becomes one of the
main component of constantly developing social
media [3]. Social media can be divided into three
main categories as shown in Fig. 1. As shown in Fig.
1, social media is a popular source of information
among users and, therefore, enhances content dissemination for marketing business purposes.
Through social media any one in everywhere can
access all the information they need.
For instance, Nielsen [9] conducted a Global Online
Consumer Survey and the result showed that 70%
of people trust consumer opinions that are posted
online, and it was positioned in second place after
the recommendations from people known to them,
which was in first place by 90%. However, in 2011,
based on a survey conducted by Thinktravel with
Google revealed that the Internet became the leading
source for travel planning information. The result
demonstrates that 85% of respondent use Internet for
their travel planning, while only 60% of people rely
on their family, friends, or colleagues [12].

Using Logarithmic Fuzzy Preference Programming to Prioritization Social Media . . .
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Table 1. Criteria and sub-criteria used in this study for social media users
Criteria

Alternatives

Author(s)

Pre-visit phase

gain travel advice
inspiration
products comparison
information about attractions
information about destinations
purchase travel products

Casaló et al. [25], Munar and Jacobsen [26]
Bosun et al. [27], Buhalis and Wagner [28]
Strachan [29], Teng et al. [30]
Xiang et al. [31], Fesenmaier et al. [32]
Hay [33], Xiang et al. [31]
Amaro and Duarte [34], Jensen [35]

On site phase

get help in different circumstances
get help in difficult situations
on location travel planning
continue daily routines
share experiences

Wang and Fesenmaier [36]
Wang and Fesenmaier [36]
Kurup [37], Fotis et al. [38]
Fotis et al. [38]
Li and Hua [39]

share experiences
satisfaction
recommend
warn
purchase decision

Fotis et al. [40], Lenhart and Fox [41]
Yoo and Gretzel [42]
Wilson et al. [43], Bosun et al. [27]
Wilson et al. [43], Sparks and Browning [44]
Huang et al. [45]

Post-visit phase

 Social media and tourism
Increasing use of Internet and social media have
influenced tourism next to other industries as Yoo
et al. [13] claimed “they are taking an important role
in travelers’ information search and decision-making
behaviors” (p. 526). Nowadays, the use of social
media for tourism businesses has altered, as Internet
becomes one of the most effective means of communication and information search [14]. Both tourists
and tourism businesses use the Internet widely [7].
With the current innovation in technologies, which is
the result of the growth of social media, tourism
destinations, managers should consider that as competitive advantage and be aware of any future changes that it may imply on supply and distribution
processes and tourism product consumers’ behavior
[1]. Tourism organizations [15] are also among those
who use social media as a key factor to a successful
business. Fuchs et al. [16] mentioned that managers
of Destination Marketing Organizations are aware
of the relation between information and communications technology (ICT) utilization and the competitive ability and indicated that experiences of key
decision makers and context of environment should
be considered before adoption of new technologies.
The availability of social media to consumers is its
privilege as “tourists may require different kinds
of information at different stages of the trip” [14].
By using social media, tourist can now engage ac-

tively in contents of the Web site rather than be
a simple visitor as they were in the past [17]. Kaplan
and Haenlein first claimed that advancements in ICT
will change consumer behavior in tourism. Later,
Gretzel et al. predicted that the impacts of social
media on travel industry will be enormous. Following examples prove that their prediction was quite
correct. World Tourism Organization [19] revealed
that the role of social media and user-generated content (UGC) has been investigated in many different
study. For example, Tussyadiah and Fesenmaier [20]
examined videos posted on social media regarding
to tourism, while Wenger [21] explored weblogs
and their contents and Xiang and Gretzel [22] explored different travel sites. Many survey have been
conducted to explore the role of social media in travel decision as well. In a survey, eMarketer [23] indicated that 61% of American checked online reviews
and feedbacks before they decided to purchase
a travel package.
In a study conducted by Chung and Buhalis [24],
the factors that have effect on the participation
of Internet users in social media were investigated
and the result showed that information acquisition
besides hedonic and social benefits are the most important reasons for the contribution of users in online
communities. However, this category is quite broad;
this study tries to investigate the importance of social
media for Iranian tourists in three criteria and 16
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alternatives in detail by examining the following
categories precisely.
 Criteria and alternatives selection
Table 1 summarizes three major criteria and 16 alternatives used in this study that represent the characteristic of what social media users in tourism
industry emphasize currently.
3

Methodology

In Fig. 2 research steps of this paper are explained
and demonstrated.
Build the Hierarchy of the problem

fuzzy logic has been integrated with multi criteria
decision making (MCDM) to deal with vagueness
and imprecision of human judgment” [47]. As Safari
et al. [48] stressed, MCDM refers to a decisionmaking situation that deals with different aspects
of certain group of variables.
Qualitative criteria could be analyzed by AHP
in order to assign weigh of the alternatives and enable decision makers to organize problems with complexity to a plain hierarchy form. AHP provides a
structure to combine rational and irrational values
during the process of making decision using a pairwise comparison approach [49, 50]. Four major steps
of AHP technique are as follows [51, 52]:
1) Structure a hierarchy of decision factors and ele-

ments (AHP decision model);
Construct pairwise comparison matrix

Compute weight of each criteria
and alternative by fuzzy AHP method

2) Employ pairwise comparison using inputs from

users to establish relative importance of criteria;
3) Estimate relative weight at each level of the hier-

archy;
4) Aggregate relative importance weight to obtain

Compute weight of each criteria
and alternative by LFPP method
Present results of both methods
and make comparison between them

Figure 2. Research steps

As it is shown in the Fig. 2, first, the hierarchy of the
problem is formed and developed. Then, pairwise
comparison matrix is established.
After that, the weight of each criteria and alternative
is computed using two mentioned methods, fuzzy
analytic hierarchy process (AHP) and LFPP. Finally,
the results of each method is analyzed and evaluated,
and a comparison between results is presented.
This section of the study consists of several steps,
each steps is described in detail in the following.
 Overview of AHP, Fuzzy AHP and LFPP
AHP was initially introduced by Satty [46], as
a method of solving complex multicriteria decisionmaking (MCDM) problems. In a broader definition,
“the fuzzy set theory approaches could resemble
human reasoning in use of approximate information
and uncertainty to generate decisions. Furthermore,

set of ratings and ranking for decision alternatives.
AHP, despite of its abilities in capture expert’s
knowledge, because of its crisp numbers compare
to fuzzy AHP interval values, cannot reflect human
thoughts completely. Fuzzy AHP is created by Zadeh, a well-known electronic engineer to deal with
hierarchy fuzzy problems using mathematical method [53]. Fuzzy AHP models are designed for diverse
problems related to needs and interests of people
[54]. Thus, fuzzy AHP, that is, a fuzzy extension
of AHP, is used for solving fuzzy MCDM problems,
with fuzzy numbers that alter vague information to a
set of useful data. The criteria values that are provided by experts are in the form of linguistic variables.
Fuzzy AHP because of its capability in dealing with
fuzziness and solving MCDM is a popular methodology, and it is expected that to find more applications as judgments in fuzzy environment is way more
easier than judgments in crisp environment. There
are two methods for deriving the weights from the
matrix of paired comparisons by using fuzzy AHP:
the first method is to extract a set of fuzzy weights
from the fuzzy paired comparisons matrix (including
geometric mean, the objective linear programming,

Using Logarithmic Fuzzy Preference Programming to Prioritization Social Media . . .

and fuzzy logarithmic least squares method), while
the second one is to extract a set of crisp weights
from the fuzzy paired comparisons matrix (including
fuzzy preference programming (FPP)  based nonlinear method and extent analysis).
Chang [55] proposed an extent analysis method that
allowed fuzzy AHP weight derivation in a simple
way. However, Wang et al. [56] proved the invalidity of this method. The FPP-based nonlinear priority
is also another method whose drawback has been
proved. Section 3.4 shows how Wang et al. [57]
provided an LFPP-based methodology that attains
crisp priorities from fuzzy pairwise comparison matrices [57].
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of this study, nine Iranian experts were asked to use
linguistic term provided to them in order to express
their preference on alternatives as shown in Table 2
[60]. Later, this table can be used to convert this
fuzzy linguistic variables to fuzzy number. The assessment value for these variables can be assigned as
“Equally important,” “Weakly more important,”
“Strongly more important,” “Very strongly more
important,” and “Absolutely more important.”
Then each linguistic value would be characterized by
a triangular fuzzy number, as it ranges between
1 and 9 in order to reflect the fuzziness of the terms.
Equally

Moderately

Strongly

Very Strongly

Extremely

1

 Linguistic variables
Linguistic variables use linguistic expressions
to demonstrate uncertain values and represent the
decision-maker’s preference of one alternative over
another. When the information provided in a study
cannot be stated in a solid quantitative form, the
study use linguistic terms. Therefore, linguistic assessments would be used to give a measure instead
of real numerical values [58, 59]. For the purpose

0.5

0
1

5

3

7

9

Figure 3. Fuzzy linguistic assessment variables

Table 2. Fuzzy linguistic assessment variables
Linguistic Scale

Just Equall
Equally important

Fuzzy
Numbers

3

Strongly more important

5

Very strongly more important

7

Absolutely more important

9

In this paper, both fuzzy AHP and LFPP methods are
used for data analysis and then their results are going
to be compared for better understanding.
 Fuzzy AHP method
Definition 1. [60] Triangular fuzzy number (TFN):
A fuzzy number N on

is defined to be a TFN if its

membership function μ

x :

⟶ 0,1 be:

(1,1,1)

1

Weakly more important

Triangular
Fuzzy Scale

Domain

1≤ x ≤ 3

(1,1,3)

1≤ x ≤ 3
3≤ x ≤ 5
3≤ x ≤ 5
5≤ x ≤ 7
5≤ x ≤ 7
7≤ x ≤ 9

(1,3,5)
(3,5,7)
(5,7,9)

7≤ x ≤ 9

μ x
0,

(7,9,9)
,

l

,

m

x

m,
x

u,

(1 )

otherwise,

where l, and u are the lower and upper bounds of the
support N respectively; m is the modal value; and
l m u. This triangular fuzzy number can be
noted by the triple l, m, u .
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This paper adopt [55] fuzzy extent analysis, which is
summarized in the following steps.
Step 1. Computing the normalized value of row
sums (i.e., fuzzy synthetic extent) by fuzzy arithmetic operations:
∑

S

M ∗ ∑

∑

(2 )

M

Step 2. Computing the degree of possibility:
a ,b ,c

The degree of possibility of M
M
a , b , c is defined as:
V M

sup min μ

M

x ,μ

y

hgt M ∩ M

M

a
c

b

c
b

μ
if b
if a

,

a

d
b
c

a2

b2

a1

D
c2

b1

c1

Figure 4. Highest intersection point D between M and M

The degree of possibility for a convex fuzzy number
to be greater than k convex fuzzy numbers M i
1,2, … , k can be defined as
V M
M , M
V M
M ,M ,…,M
M ,…, M
M
min M
M

where i

min V M

where k 1,2, … , n; k
is given by:
W,

where A i

M

(5)

i. Then, the weight vector

d, A , d, A , … , d, A

(6)

1,2, … , n are n decisions elements.

The normalized weight vectors are:
W

d A ,d A ,…,d A

where W is a non-fuzzy number.

w

(7)

w

1,

0, i

1, … , n.

(8)

which by the following equivalent FPP is converted
to LFPP:
ln a
μ

lnl , lnm , lnu , i, j
w
w
ln w /w
ln l
,
ln m
ln l
ln u
ln w /w
,
ln m
ln u

1, … , n.

ln

w
w
w
ln
w

ln

ln m
ln m

,

,

In fact, nonlinear equations are converted to logarithmic nonlinear equations, and finally, a new objective function and related constraints are attained
as follows:
Maximize

1

λ
m
ln l ,
l
i 1, … , n 1; j i 1, … , n,
u
ln u ,
lnw lnw λ ln
m
i 1, … , n 1; j i 1, … , n,
0, i 1, … , n.
w

lnw
Subject to

1,2, … , k. Assume that:
d, A

w l w λ m
l w
0,
i 1, … , n 1; j i 1, … , n,
m w
0,
w u w λ u
i 1, … , n 1; j i 1, … , n,

(4)

M1

M

λ

Subject to

where d is the ordinate of the highest intersection
point D between μ and μ . To compare
M and M , we need the values of both V M
M and V M
M given in Fig. 4.

V M

FPP-based nonlinear priority model [62] and its constraints is as follow:

(3 )

otherwise

M2

In this paper LFPP method is used for data analyses
and deriving the weights. LINGO software is also
used to solve LFPP problems in order to increase the
accuracy and obtain more precise results. The LFPP
method is summarized in the following procedures.

Maximize

which can be equivalently expressed as
V M
1,
0,

 LFPP method

lnw

λ ln

However, there is still the possibility that λ can be
negative. In order to avoid this, two non-negative
deviation variables δ and η for i 1, … , n 1 and
j i 1, … , n are used and the following objective
function and constraints LFPP are achieved:

Using Logarithmic Fuzzy Preference Programming to Prioritization Social Media . . .

Minimize J

1

λ

M.

δ

x

x λ ln m /l
1, … , n 1; j i
x x λ ln u /m
Subject to
i 1, … , n 1; j i
0, i
λ, x
δ ,η
0, i 1, … , n
i

η

δ
lnl
1, … , n,
η
ln u ,
1, … , n,
1, … , n,
1; j i 1, … , n,

(9)

By solving this problem, crisp weights are driven
from a fuzzy pairwise comparison matrix.
4

Results and findings

This study measured the importance of social media
on travel process in three different phases (pre-visit,
on site, post-visit) from the perspective of Iranian
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travelers. It is worthwhile to know the level of social
media influence on respondents’ travel process
in each phase and its sub categories. As mentioned
earlier, in the first step of this research the hierarchy
of the problem was prepared. In order to evaluate
and prioritize the weights of social media utilization,
three criteria in the first stage and 16 alternatives
in second stage are composed. Fig. 5 demonstrates
the hierarchy of criteria studied in this paper.
For the purpose of this study respondents were asked
to indicate their preference with five phrases in the
form of “Equally important”,” Weakly more important”,” Strongly more important”, “Very strongly
more important” and “Absolutely more important”.

Importance of social media usage based on
tourists’ perspective

Pre-visit phase

On site phase

Post-visit phase

Gain travel advice

Get help in different
circumstances

Share experiences

Inspiration

Get help in difficult
situations

Satisfaction

Products comparison

On location travel
planning

Recommend

Information
about attractions

Continue daily routines

Warn

Information
about destinations

Share experiences

Purchase decision

Purchase travel
products
Figure 5. Hierarchy of the problem

In the second step, 36 pairwise comparison matrix
were made. In the Fig. 6, a sample of such comparison is illustrated.

(1, 1, 1)

(1, 3, 5)

(1, 3, 5)

(0/2, 0/33, 1)

(1, 1, 1)

(3, 5, 7)

(0/2, 0/33, 1)

(0/14, 0/2, 0/33)

(1, 1, 1)

Figure 6. Fuzzy comparison matrix

14

Mina Balouchi, Ehsan Khanmohammadi

The weight of all criteria and alternatives were computed in the third and fourth step of this paper.
The results obtained from solving the problem with
LFPP and fuzzy AHP methods are presented here.
Weight of each criteria gained by each method is
shown in Table 3.
Pre–visit phase

Table 3. The weight of criteria
Criteria Pre-visit
phase
Method

On site phase

Post–visit phase

Figure 7. Rank of the three phases of travel process
On site
phase

Post-visit
phase

LFPP

0.63

0.24

0.13

FAHP

0.51

0.46

0.03

Table 4 also shows the differences between obtained
weights of each alternative using different methods.
In the last step and based on the computed weight
by LFPP method, the final results are presented.
As LFPP method is more accurate and as it is obvious from Table 4, fuzzy AHP method has its own
limitations and errors; LFPP method results have
been used for data analysis. This study results show
that the pre-visit phase is very much in favor with
travelers among the three phases of the travel process
as shown in Fig. 7.
Table 4. The weight of alternatives
Method

 Pre‐visit phase
In this study, on the pre-visit phase, the level of influence was evaluated in terms of (a) gain travel
advice, (b) inspiration, (c) products comparison,
(d) information about attractions, (e) information
about destinations, and (f) purchase travel products.
As a result, among alternatives used in pre-visit
phase, gain travel advice has the most importance
for travelers while using social media. In the contrary, information about both destination and purchase
travel products have the least usage among travelers
in pre-visit phase as shown in Fig. 8.

Gain travel
advice

Inspiration

Products
comparison

Information
about
attractions

Information
about
destinations

Purchase travel
products

LFPP

FAHP

Gain travel advice

0.36

0.21

Inspiration

0.23

0.21

 On site phase

Products comparison

0.15

0.21

Information about attractions

0.12

0.20

Information about destinations

0.07

0.17

Purchase travel products
Get help in different
circumstances
Get help in difficult situations

0.07

0.00

0.39

0.28

0.31

0.30

As mentioned, the study measured the importance
of social media in the on-site phase as well. For this
phase, level of influence was evaluated in terms
of (a) get help in different circumstances, (b) get help
in difficult situations, (c) on location travel planning,
(d) continue daily routines, and, (e) share experiences.

On location travel planning

0.15

0.25

Continue daily routines

0.09

0.17

Share experiences (on site)

0.06

0.00

Share experiences (post-visit)

0.45

0.30

Satisfaction

0.23

0.27

Recommend

0.16

0.26

Warn

0.09

0.18

Purchase decision

0.07

0.00

Alternatives

Figure 8. Rank of the pre-visit phase alternatives

Get help in
different
circumstances

Get help in
On location travel Continue daily Share experiences
difficult situations
planning
routins

Figure 9. Rank of the on-site phase alternatives
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The results in Fig. 9 shows that, in on-site phase,
the travelers largely use social media for getting help
in different circumstances which respondents use
it in order to make their trip as pleasant as possible,
second comes getting help in difficult situations
in order to cope with unexpected circumstances.
At the other end of the ranking sharing experiences
while traveling fell into the lowest level in the onsite visit phase.
 Post-visit phase
Impact of social media on post-visit phase was similarly measured. For post-visit phase, level of influence was evaluated in terms of (a) share experiences,
(b) satisfaction, (c) recommend, (d) warn, and
(e) purchase decision. The results show that social
media in post-visit phase has the least usage among
travelers. As shown in Fig. 10, respondents stated
that they use social media predominantly for sharing
experiences with friends and other travelers. Satisfying inner desire by reading and writing about travelrelated experiences took the second place. Providing
needed information for potential travelers (purchase
decision) placed at the bottom of the ranking.

Share
experiences

Satisfaction

Recommend

Warn

Purchase
decision

Figure 10. Rank of the post-visit phase alternatives

As the result discussed above shows that social media in pre-visit phase has the most usage among travelers, therefore, comparing to other studies,
this finding is similar to that of Cox et al. [63] who
found that social media is mostly used for pre-visit
phase and it is in contrast with Fotis et al. [38]
who found that social media is mainly used in the
post-visit phase.
5

Discussion and conclusion

According to the literature review social media is
broadly used for information search during travel
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process. Jepsen [64] argued that traditional information source is replacing by social media, and since
then many research have been done and all the results were in the favor of this argument. Web 2.0
or social media has shown a tremendous impact
on the travel and tourism industry, and its growth
and popularity continues among consumers.
The high importance of social media usage in travel
make it an indispensable part of tourism market.
Because of this, tourism industry seems to be heading toward revolution.
Till now, many studies have tried to investigate
the role of social media in travel and tourism industry, however this study tried to identify the degree
to which social media is important in each phase
of travel from tourist perspective. This study findings
show that Iranian travelers use social media throughout all phases of the travel: pre-visit, on site
and post-visit. However, as shown in [38], travelers
use social media for different purposes and in different extent. The results of this study suggest that the
most usage of social media is on pre-visit phase
while post-visit has the least usage. This study shows
that Iranian travelers use social media mainly
to share experiences (post-visit phase), get help
in different circumstances, and gain travel advice.
The main limitation of this study is related to the
number of respondents. This article only asked
for Iranian experts’ opinion, although it was sufficient for the purpose of the present study, but
for generalization of the findings to a larger population more studies need to be conducted. Another
limitation is related to the type of respondents.
As travelers are the one who actually use social media in their trips, their opinions are important
and should be considered as well.
Based on the findings of this study, using social media in three different phases of travel, pre-visit
in specific, has a significant effect on consumers’
behavior and therefore the tourism industry should
place more emphasis in this phase of the travel process.
This study is an evidence to corroborate the importance of social media from consumer perspective
and suggests that in order to improve their position
in tourism market, tourism industry should
acknowledge the user’s opinion. It should also be
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noted that to validate the findings of this study more
similar research are needed to be carried out.
6
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Abstract: Knowledge management is a field of management dealing with the use of knowledge, methods, and tools to effectively coordinate complex and unique projects. In accordance with this definition,
project knowledge can be treated as a useful resource of information that allows projects to be implemented in compliance with its objectives: time, costs, and quality of results. Knowledge in the activity
of an organization, including in the implementation of projects, has for many years been an area of interest to researchers, who confirmed its key importance for building permanent competitive advantages
of companies and enterprises. In project management, this issue takes on a new character, as it is transferred to the field of dynamic, time restricted, temporary, and team-implemented projects. The aim
of this paper is to present the results of a survey regarding the use of practices of knowledge management in projects in international organizations and to show that the concept of knowledge management
in projects is a tool conducive to spreading the process of globalization.
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1

Introduction

Project management is a practical field of management, which has been gaining significance in recent
years in business activity of companies and organizations. Owing to the necessity of efficient and timely
implementation of complex and largely unique projects, projects and project approach are permanent
elements of current operations of enterprises. New
projects increase experience resources in a company.
Unfortunately, such experience often gets dispersed
after the project is completed and the team dissolved.
As a result, the important new knowledge acquired
or created during the project implementation is not
used after the project is completed.
Project experiences can be defined as new
knowledge, experience, observations, and conclusions gathered by the project team and project stakeholders regarding areas of the project implementation. Gaining project experiences gives a huge
value to the project team and the whole organization.
If implementation of projects requires the use
of advanced interdisciplinary knowledge, then analysis of project experiences enables clear indication
of the areas of this knowledge, evaluation
of knowledge gaps of the project team, and identification of the areas where these knowledge gaps

should be filled. By gathering project experiences,
an organization can maintain the continuity of project knowledge. Completion of works as a part
of a project causes release of the resources used
for its implementation and thus dissolution of the
project team. The organization of the project closure,
combined with summary and analysis of project
experiences, prevents dispersal of the acquired
knowledge, which may otherwise disappear when
the employees return to their units, departments
or other organizations [13, pp. 378–389].
Because of the uniqueness of projects, publicly
available and universal sources of project knowledge
may be perceived as too general and inadequate
for the specificity of the implementation of projects
in a given business environment. By gathering corporate project experiences, companies may build
their own knowledge base that fully reflects
the character and specific features of project implementation in a given industry, in a company with
a specific structure, corporate culture, and a specific
type of projects. Project implementation is connected
with a relatively high level of risk, and gathering
project experiences activates learning processes,
and thus it is a risk reducing factor.
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Special features of projects
Projects are complex and unique
activities
Projects are activities that are limited
in time, with a clearly defined beginning and end

Consequences for project knowledge
The implementation of projects requires advanced interdisciplinary
knowledge
This knowledge has to be described
in an appropriate detail to be transferred between various projects

Projects are activities performed by
a team of highly qualified specialists
from various areas of an organisation

Project knowledge, possessed by the
project team, gets dispersed once the
project objectives are achieved and
the project team dissolved

A project team performs a task workfocused on the achievement of the
project goal.

The basic object of knowledge management processes should be the
project team.

Figure 1. Specificity of knowledge in projects
(source: own work)

2

Knowledge management in projects specificity and importance

Project management refers to the use of knowledge,
skills, tools, and techniques in actions taken as part
of a project to meet its requirements [9]. The specificity of project implementation and the features
distinguishing projects from other activities of an
enterprise place specific requirements on project
knowledge, that is, knowledge connected with project implementation, as presented in Fig. 1.
Project experiences and processes and techniques
connected with gaining, evaluating, and disseminating such experiences are elements of project
knowledge management, which perfectly fit the
above-presented specificity of project implementation.
Project management is a field that can specifically
draw on the achievements of knowledge management [10], thus increasing the effectiveness and efficiency of project implementation. One of the most
popular issues in the area of project knowledge is
project experiences. These experiences can be defined as new knowledge, experience, observations,
and conclusions gathered by the project team
and project stakeholders regarding the areas of its

implementation. Gaining project experiences brings
a huge value to the project environment and the
whole organization and is a basic, very popular practice of knowledge management in the environment
of projects [4].
The approach to knowledge management that is
based only on project experiences was many a time
criticized in the academic literature. The main objections included too much focus on the aspect of IT
tools that outweigh the soft elements of knowledge;
failure to take into account the context in which experiences were gained; too high level of detail
of experiences, which makes it difficult to transfer
them between projects; difficulty in finding project
experiences that are relevant from the perspective
of the problem under examination; and concentration
on knowledge externalization processes without
taking into account the other forms of knowledge
transformation [16].
Therefore, model solutions of using knowledge management methods in projects should go beyond the
narrow scope of project experiences and use all the
achievements of knowledge management solutions
to offer the team an approach allowing them to use
the potential of project knowledge in projects being
implemented. It is necessary to take into account not
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only learning in terms of single projects but also
knowledge transfer as part of a portfolio of projects
at a global scale.

as well as devoting some resources and time,
which has a negative influence on the course
of the process of knowledge preservation,

Therefore, combining the specificity of project
knowledge, the existing fragmentary practices
of knowledge management in projects, solutions
connected with project experiences, and a wide selection of methods and tools for knowledge management, it is appropriate to develop a concept
of using knowledge management methods in project
implementation in the global aspect.

 in case of the implementation of a number
of projects, difficulties may occur resulting from
inconsistency between processes and practices
of project management, which result from failure
to coordinate and consistently manage the whole
project environment, including project knowledge
management,

3

Model approach to knowledge management
in projects with special reference
to a project management office

Activities aimed at knowledge management should
be included in the processes of project management
in order to ensure effective use of knowledge
for successful completion of a project. However,
from the perspective of an organization, in an environment where a lot of projects are implemented,
this approach to management is undoubtedly insufficient for the following reasons:
 owing to the task and time restricted nature,
as well as the impermanent organizational structure of a project, there is a very high risk
of knowledge loss caused by failure to perform
the process of knowledge preservation, departure
of people from an organization, or loss of contact
with them; moreover, actions aimed at preserving
knowledge after a project is completed become
less important for the project team when the objectives of a business project are achieved,
 it is difficult to preserve knowledge stored
in a material form because of the team's dispersal
once the project is completed,
 attention and work of the team is focused on the
objectives of the project, for which the team is assessed; therefore, it is necessary to have a broader
view of the existing knowledge, project experiences, also from the perspective of other projects,
programs, and the environment of the whole organization,
 learning and improving the ways of solving problems requires some intellectual, cognitive effort,

 owing to a relatively significant distinctiveness
of project teams, the aspect of learning between
projects is much more difficult [25].
The arguments indicated above clearly show that it is
justified to introduce the role of an integrator into the
project environment in an organization. The existing
knowledge and study of project management, as well
as its dynamic development in recent years in the
area of organizational issues of project management,
seem to confirm this thesis and point at the project
management office as a unit that can successfully
play the role of an integrator and coordinator of the
processes of knowledge management in projects
[19].
Specialized literature and practice provide numerous
definitions of a project management office.
This diversity results from diverse approaches, typologies, and functions ascribed to it:
 Peter Böttcher defines such an office as “an organisational unit tasked with centralisation
and coordination of management of projects
for which it is responsible” [3, pp. 365–377],
 Frederik Ahlemann and Christoph Eckl define
a project management office as “a centralised organisation designed to improve practices and results of project management” [1],
 Dominik Hauser defines a comprehensive framework for action in a project management office as
“The task of a project management office is to
maintain the whole intellectual capital connected
with managing projects and to actively support
the strategic planning of an enterprise” [8].
As can be noted, the definitions above confirm the
role of a project management office as an integrator
of an organization's project environment, also from
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the perspective of knowledge management in projects.
A project management office, as a permanent organizational unit supporting temporary, time restricted
projects, ensures continuity and permanence of project know-how. The project management office
preserves continuity of knowledge and project experiences, which, after the project is completed, are
gathered and added to a project knowledge base from
where they can be used in next projects. Preservation
of project knowledge allows an organization to learn
from projects, reduce time and costs of the access
to project knowledge, and, as a consequence, implement projects in a faster and more effective way.
The project management office can ensure the development of knowledge and competences of project
managers, train project teams, and develop a common methodology for project management and
standard documentation to be used in project implementation.
An important aspect of introducing the project management office into the concept of knowledge management in projects is the issue of learning between
projects. Knowledge management in projects requires learning both as part of the project and its
particular phases and drawing conclusions, learning
and transferring knowledge across projects in the
multiproject environment of an organization [2].
For a proper transfer of knowledge across projects,
it is necessary to make sure that the knowledge to be
transferred meets the real needs of the project that
obtains knowledge, that it is possible to verify the
usefulness of this knowledge, and that it is received
by persons who really can use it for the benefit of the
project [26].
In this situation, the project management office becomes not only the provider of the infrastructure
for information exchange but also a unit that preserves continuity of project knowledge in an organization, the owner and coordinator of the process
of preserving and distributing knowledge in projects,
an entity that maintains project archive and repositories, organizer of meetings to sum up the project,
collector of registers and records of project experiences from many projects, a unit responsible
for evaluation of project experiences and implementation of the best practices, coordinator and creator

of internal training courses on project management,
and many others. By establishing the project management office, efforts to improve project management can take a permanent organizational form
and specific activities of the office with the persons
responsible for them can be identified. An indisputable advantage of the project management office is its
role as the centre for communication and coordination of projects, access to tools and technologies that
support people in knowledge and information sharing, and involving them in the processes of solving
problems and improving the project environment
in an organization [15, pp. 3–19].
4

Project knowledge management
in the global aspect – survey results

Projects are an important element of the functioning
of organizations and enterprises in the modern economy. They are the driving force of implementing
innovations, which are very important for competitiveness of organizations in the global economy.
Initiating new business activities, implementing organizational changes, introducing new products,
implementing strategies, all these activities are performed by means of projects. Project management is
a field of management concerned with the use
of available knowledge, skills, tools, and techniques
to meet the needs and expectations of the principal
of projects.
According to the popular view that has a strong empirical support in scientific studies – including studies conducted by EU institutions responsible
for supporting projects and programs – the key problem in the implementation of projects is inappropriate management of project knowledge, which is
reflected in low effectiveness of its use, and above
all in weak capacity of an organization to accumulate
project knowledge and in loss of organizational
memory. These phenomena result in low effectiveness of projects, poor quality of results, dissatisfaction of principals, and ineffective management
of resources assigned for their implementation [12,
pp. 399–415].
These phenomena directly impact project management, which by its nature is connected with
knowledge processing. Project team members – with
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specialist knowledge – work together as a part of the
project to deliver new products and services on time,
in accordance with the budget and specified quality
criteria. From this perspective, an important task
of the project manager will be to manage
the knowledge of his own team and stakeholders –
he should integrate it in the best possible way
to ensure successful implementation of the project.
Project team members also manage their knowledge
– individually and as a team – using the already existing knowledge and acquiring new one, passing
it to others and together creating new knowledge
in an organization. Thus the use of knowledge management methods in the implementation of projects
can ensure successful implementation of projects.
Globalization, based on the assumption of the concept of knowledge management in projects, basically
refers to team work. Project teams established
in global organizations constitute a fundamental
element and resource used to perform the process
of globalization. Such projects are implemented not
by one person but by entire, interdisciplinary teams
of experts. Often, these teams are composed of people from a global organization and those located
outside these organizations [7, pp. 315–336].
Project teams set up within the existing organizational structures result in overcoming the existing
barriers connected with a functional approach to the
organization of works and communication. The practice of the implementation of knowledge management in projects presented in the studies shows that
the emergence of new organizational structures –
project structures – represents the main determinant
of the work of teams appointed for the purpose
of implementing a specific project. Just like globalization processes shatter local dependencies, project
teams break the existing local organizational structures. This approach is also connected with the new
models of communication supported by modern
software, which rely on shortening and simplifying
the communication channel, and introduce new solutions in the area of planning, budgeting, and reporting. These solutions constitute a tool that is used
by global organizations not only for effective management of knowledge in projects in the area
of communication itself, but they also represent
a technique of standardization and unification in the
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process of globalization. By deciding to use them,
a global organization spreads its standards along
with its own geographical development. The implementation of projects by a global organization, regardless of the origin of the members of the project
team or the location of the project itself, is a natural
phenomenon, which is confirmed by the survey
[11, pp. 373–391].
It is also worth highlighting the phenomenon of optimization, which is fundamental for the process
of globalization, as it is for the success of projects
[5, pp. 167–179]. The concept of knowledge management in projects gives operational dimension
to the global optimization. The aim of each project is
to achieve three basic, interrelated objectives: deadline, cost of execution, and project scope. The basic
task is to find possibly the most effective way
to achieve these objectives to ensure that the project
is implemented to the extent specified in its scope,
at the lowest cost and within the shortest possible
time, that is, in an optimal way. This implies that
a single project, if executed in an optimal way,
which constitutes an element of the process of globalization, will contribute to the increase in competitiveness of a global organization.
4.1

Characterization of the research group

The study was conducted using a survey questionnaires addressed to project management specialists
in international law firms specializing in economic
law and running international projects. The answers
were provided by 200 respondents. The survey was
conducted between September and December 2014
in Germany.
The survey questionnaire was sent to the members
of a project staff in German law firms participating
in the implementation of international projects
as both managers and members of project teams
(Fig. 2). Among the respondents, the largest group
(110 people) was project managers. Specialists –
members of the teams executing a project – represented the second largest group (60 people).
The other respondents were members (24 people)
of a project management team, two respondents
worked on the implementation of projects in an informal way, and four respondents were from the
project management office.
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Employee of a
project
management office
4
Informal
cooperation in
projects
2

Project manager
110

Specialist/member
of a team
implementing a
project
60

Member of a team
managing a project
24

Figure 2. Predominant posts held in projects
(source: own work)

Asked about the degree of the law firm's involvement in projects, two-thirds of the respondents answered that they worked in organizations where this
degree was high (51.3%) or very high (29.8%)

(Fig. 3). One in 10 respondents assessed it as low,
indicating that his/her organization runs a few, sporadic projects.

Small- few, sporadically
implemented projects

51,3
29,8

8,7

Average – projects constitute an
important part of the activity of an
organisation
Large – an organisation implements
a large number of projects that are
key to the implementation of its
strategy

10,2

Very large – implementation of
projects is the basic activity of an
organisation; an organisation
managed by projects

Figure 3. Degree of involvement of the law firms analyzed in implementing projects
(source: own work)

4.2

Results of the questionnaire survey

In the main part of the survey, respondents indicated
to what extent particular statements applied to their
organization or how often specific actions were undertaken. The aim was to identify the practices
of knowledge management in organizations implementing international projects. The respondents were
presented with six statements:
1)
2)

starting a project, I can draw on project experiences from previous operations in my company;
the level of knowledge and competences
of project teams is adequate from the perspec-

3)

4)
5)
6)

tive of the requirements of implemented projects;
the members of a project team are willing
to share their knowledge and experiences gained
during a project;
during a project, gained project experiences are
documented;
at the end of a project, a meeting to sum up the
project is held;
the project management office helps teams
to get access to the knowledge necessary to implement the project.
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31,3

The project management office helps teams to get access to the
knowledge necessary to implement the project

42,2
26,5
14,7
43,9
41,4

At the end of a project, a meeting to sum up the project is held

17,8
During a project, gained project experiences are documented

52,4
29,8
3,7

The members of a project team are willing to share their knowledge and
experiences gained during a project

24,9
71,4
8,2

The level of knowledge and competences of project teams is adequate
from the perspective of the requirements of implemented projects

40,0
51,8

2,3

Starting a project, I can draw on project experiences from previous
operations in my company

31,8
65,9

0

20

Never

Sometimes

40

60

80

Always

Figure 4. Overall presentation of how frequently the above-mentioned practices
of knowledge management in projects were indicated
(source: own work)

Fig. 4 presents how frequently the above-mentioned
practices of knowledge management in projects were
indicated.

ergistic benefits, should match the specificity of the
project and be supplemented where deficits are identified.

Creating possibilities of referring to previous project
experiences in organizations at the moment of undertaking new projects seems to be the basic and key
practice from the perspective of knowledge management in projects. This thesis is confirmed in numerous scientific studies [24, pp. 83–96], as well
as in the analysis of the content and recommendations of project management methodologies, which
directly recommend such actions [17]. Among
the participants of the survey, 65.9% indicated that
the possibility of referring to previous experiences
“always” occurs, and almost one-third of them indicated that it does so “sometimes” (31.8%).

In the distribution of the answers concerning
the proper level of knowledge and competences
of project teams from the perspective of the requirements of implemented projects, the dominating answer was: it “always” (51.8%) meets these
requirements. The answer “sometimes” was indicated by 40.0% respondents. It is at the same time
worth noting that the answer “never” was indicated
by 8.2% respondents.

The importance of the competences of a project team
is universally known and unquestionable [21, p. 29–
36]. Although it is individual persons' knowledge
and competences that should determine their membership in the team and their roles in it, in fact
the process of selection and recruitment of the right
people is often beyond the scope of impact of the
project team [23]. The knowledge of a team, comprising the sum of its members' knowledge and syn-

Knowledge sharing within a team and willingness
to pass it was the subject of numerous surveys [6].
Knowledge is regarded as a resource that gets increased when it is shared [18]. At the same time,
depending on the approach, knowledge sharing can
be seen as something positive  for example,
as building personal and team competences, developing ideas  or negative as weakening own position,
loss of invested funds, or feeling of uniqueness [22,
pp. 110–127].
Almost 72.0% of respondents had a definitely positive attitude to the practice of knowledge sharing
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in projects, indicating that the team members are
“always” willing to share their knowledge and experiences during a project. This “sometimes” takes
place in the case of 24.9% of respondents.
Documenting project experiences during a project
is one of the elements of gathering knowledge, both
at the individual, team and cross-team levels. Owing
to the fact that a project implementation is extended
in time  sometimes significantly  there is a risk
of omitting important experiences caused by the
limitations of the human memory. Therefore, it is
recommended to regularly document them during
a project, not only after its completion [14, pp. 177–
224].
Among the responses defining the frequency of using this practice, the response “sometimes” (52.4%)
was most often indicated. About 29.8% of respondents indicated that project experiences are always
documented during a project, but as many as 17.8%
responded that they never did it.
A meeting to sum up a project is an important element of a project process. Its aim is to assess the
effects and course of the project and gather
knowledge before it is formally closed and dissolved,
and the project team dispersed [20].
Gathered project experiences  in the form of postulates of positive effect and changes  should be entered into the project knowledge base and transferred
to other projects and the whole organization.
A meeting to sum up the project is “always” held
in projects in the case of a relatively large (41.4%)
group of respondents. In the case of 14.7% of respondents, this practice is never used, whereas
the largest group of respondents was composed
of people declaring that meetings summing up projects are “sometimes” held in their organizations 
43.9% of respondents.
The frequently mentioned aspect of project implementation is the temporary, time-restricted character
of projects, resulting from specified starting
and completion dates of projects. This may cause
a phenomenon of discontinuity of the project environment in an organization. This discontinuity will
result, among other things, in dispersal of project
documentation, temporary character of the function
of a project manager, reluctance to invest in the de-

velopment of project management practices, lack
of learning mechanisms  drawing conclusions
and learning from experiences  inconsistent processes of project management, necessity to establish
each time new principles and tools for project implementation, unfamiliarity with methodologies
and best practices of project management in project
teams, and other negative phenomena.
The project management office  as a permanent
organizational unit designed to support temporary,
time-restricted projects  ensures the continuity and
permanency of project know-how, for example,
through gathering project experiences or creating
training programs [15, pp. 3–19]. It is thus an important element of the infrastructure of the project
environment in an organization, especially in the
area of supporting and coordinating knowledge management in projects.
However, only 26.5% of respondents indicated that
such support is always available. Slightly over
42.0% of respondents indicated that project management office (PMO) “sometimes” provides support. Almost 31.3% people chose the answer
“never.” This means that in the case of a quarter
of project management offices, members of project
teams think that they never receive support from
them.
5

Summary

The character of projects, which are complex,
unique, and time-restricted activities, poses new
challenges to the existing processes of knowledge
management, which are mainly focused on continuous actions.
The empirical studies allow a range of research conclusions to be drawn. A vast majority of the organizations surveyed notice a significant rate of loss
of business opportunities because of difficulties with
an effective use of knowledge in projects. At the
same time, however, this phenomenon is largely
connected with the implementation of the practices
of knowledge management in projects. In the group
affected by the risk of the loss of opportunities,
the average frequencies of practices were lower in all
cases. The biggest difference in the averages was
visible in documentation of project experiences.
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The degree of intensity of project activity significantly impacted how often practices were used.
The importance of the position held by respondents
in projects was relevant only from the perspective
of the evaluation of the operation of the project management office in terms of assistance in access
to knowledge.

nies rely on. Today, it is not possible to find a global
company to which the knowledge and use of the
concept of knowledge management in projects is
unfamiliar and unclear.
6
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Abstract: The aim of this article is to provide reader with a comprehensive insight on the theories, empirical findings and models of Product Portfolio Management (PPM) during new product development.
This article will allow for an in-depth theoretical approach on PPM and demonstrate to managers
the importance of adopting PPM as business strategy during decision making. The objective of this paper is to present a literature review of models, theories, approaches and findings on the relationship between Product Portfolio Management and new product development. Relevant statistical trends,
historical developments, published opinion of major writers in this field will be presented to provide
concrete evidence of the problem being discussed.
Keywords: product portfolio management, new product development, business strategy, decision making.

1

Introduction

Cooper (2012:3) states that “Twenty five years
of research into why new products succeed, why
they fail and what distinguishes winning businesses
and are we any further ahead? Some pundits say no!
Today’s new product project teams and leaders seem
to fall into the same trap as their predecessors did
back in the 1970s”. The current state of product innovation is that it does not happen as well as it
should because critical success factors are absent
from the typical new product development project.
Buyers have become increasingly demanding and no
longer see a contradiction between product innovation and development and falling prices. For example, mobile phone manufacturer, Nokia and Sony
Erickson offer superior products every year at similar or below previous prices. “Given that most theories of business eventually become obsolete, the key
competency for any organization that wants to survive in the market is the ability to innovate” (West,
Ford and Ibrahim 2010:264).
Product Portfolio Management gives organisations
the ability to obtain the utmost value from their
product portfolios by applying portfolio management
principles to the product development process
(Planview 2012). AberdeenGroup (2006:3) states
that throughout the new product development process, companies should focus on the value being
generated for the company.

Continued evaluation of the product development
project can help companies assess the probability
of achieving the expected value from the project
and assist in decision making.
2

Significance of the study

One opportunity for improvement is to address
“the product portfolio value gap.” The value of executing the right product portfolio and realizing its
full potential available is often neglected by companies. As a result inadequately defined portfolios,
and poor project execution drain value from projects.
(AberdeenGroup 2006:3). Cooper (2012:3) states
that recent studies reveal that the art of product development has not shown much improvement.
The voice of the customer is still missing, solid
up front research is not done and that many products
enter the development phase lacking clear definition.
Moreover, there is major challenge of economic
instability. Business executive, Roux (2011:1) stated
that FMCG market volumes contract as inflation
increases. Competition is fierce as local and multinational competitors and retailers enter the market.
The situation becomes critical as leading companies
like Unilever are accepting lower margins in exchange for growth. As a result, sensitive consumers
push margin downwards (Euromonitor, Nestle’, Unilever 2010).
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Evans and Lindsay (2008:12) found that design quality and innovation will be of much significance
to deal with faster rates of change, shorter life cycles
and rising consumer sophistication. It has been estimated that almost 80 percent of all new products fail
and the strategic problem is that if a product fails,
the company tied to this product will also be negatively affected by the failure. The failed brand would
tarnish the overall brand reputation, which could be
disastrous for the company involved.
3

Literature review

 Product Portfolio Management best practice
Portfolio management best practice are financial
(maximize return), competitive advantage and efficient allocation of resources (Cooper, Edgett
and Kleinschmidt 2012).
 New Product Development best practice
A study on NPD best practice by Kahn, Barczak,
Ledwith, Perks and Nicholas (2012:180-192) reported that best practice would be those new product
development practices that promotes greater success
in developing and launching new product and services. They characterized NPD practice across seven
dimensions i.e., strategy, process, research, project
climate, company culture, metric and performance

measurement and commercialization. The research
was conducted on NPD practitioners of three different countries. Their findings were that there was
a lack of understanding and implementation of the
best practice elements of climate, culture and especially metrics.
Duncan (2012:2) helped companies implement innovation governance. He reported findings on best
practices of innovation and product management
as follows: focus on business processes, plan implementation phase, avoid complexity, address decision
making first, tasks second and launch is when
the most important works begins.
It can be concluded from the review above that different organizations view best practice differently.
Both Kahn et al (2012:180-192) as well as Duncan
(2012:2) have made valuable contributions towards
benchmarking best practice. However there is no
“one size fits all”.
 Best Practice models for New Product
development process and Product Portfolio Management.
Fig. 1 represents a bubble diagram of NPD projects.
The size of each bubble shows the annual resources
spent on each company division and the shading is
the product line.

Figure 1. Bubble diagram of a portfolio of new product projects
(source: Cooper 1997:24 as cited by Cooper, Edgett and Kleinschmidt 2012)
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Fig. 2 is the stage gate process for NPD. The best
practices for product development should be sup-
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ported by the implementation of this approach
(Cooper 2012).

Figure 2. A generic stage gate process for new product
(source: Cooper 1993 as cited by Cooper 2012)

 Empirical findings, moels/theories/approaches
on Product Portfolio Management and New
Product development
Empirical research findings by Cooper, Edgett
and Kleinschmidt (2007:1-2) were that there are
three key factors in developing new product, a high
quality new product process, a clear and well communicated new product strategy for the business and
adequate resources for new products. Hill (2009:132)
states that through the interaction of scientific research demand conditions and competitive conditions stimulate ideas for new products. He also found
that rate of new product development is greater

in countries where more money is spent on basic
and applied research and development, demand is
strong, consumers are affluent and competitions
intense. Contrary to Hill, a totally new approach
by Pitta (2012:35-46) based on recent research
on transforming the nature and scope of new product
development. This is reflected in model 1 below.
Model 1
The introduction of “Blue Oceans-Red Oceans Strategy” is a perspective that offers the hope of escaping
destructive competitive market space for a new environment with more opportunities.

Figure 3. Six paths frameworks
(source: Kim and Mauborgne 2007, as cited by Pitta 2012:40)
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Fig. 3 indicates the blue ocean strategy tool to create
market space.
The finding of this research was that companies were
able to gain greater competitive advantage by competing in uncluttered market and increase their
chances of successful new products developments
(Pitta 2012:41)
The findings of Cooper (2012:9) are somewhat different from Hill (2009:132). Cooper focuses more
on NPD processes whereas Hill views market research as the driving force of NPD. A contradicting
view point to Cooper (2012:9), which indicated that
excellence in NPD process is the primary driver
of NPD success. Nicholas (2011:227-251) disagrees
with Cooper. He conducted a research to identify

the gap between what researchers and practitioners
understand to be NPD best practice. He found that
strategy is the most important best practice for NPD.
Recent research by Aberdeen Group adds new dimension to the NPD process.
Model 2 below highlights best practices in NPD
processes, cross functional project teams that has
total support from top management in striving
to achieve “speed to market”.
Model 2: New product development process
Fig. 4 explains the key to competitive advantage
is based on two factors: strategic impact and efficient
use of resources (New product development process
components 2012:1-2).

Figure 4. Best practices in NPD processes. “Speed to market”
(source: The Adept group Ltd 2012:1)

He argues that the survey conducted indicated that
75% of all companies view collaboration and project
management are very important to the process (Aberdeen Group 2006:3).
The Product Development Management Association
states that the best way to manage one’s NPD projects and product portfolios is as process driven hierarchies and stresses the importance of active
involvement by top management in defining portfolio strategy (Schmidt, Sarangee and Montoya
2009:520-535).

Product portfolio management (PPM) in the past was
focused primary on fast moving consumer goods
(Brown 2010:3-8). Research conducted by Brown
(2010:3-8) on how PPM can be more closely tied
to engineering projects. He looked at closing the gap
between product planning and the design and development. He talks about “exnovation” which is
a practice by organizations to adjusting their portfolio by getting rid of poor performance projects
and adding a different set of products to increase
the profitability of the company (Brown 2010:3-8).

Product Portfolio Management: An Important Business Strategy
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Figure 5. Product Portfolio Shift
(source: Jim Brown 2010:3)

Fig. 5 depicts the process of the “Product Portfolio
Shift” and indicates the process of shifting the focus
of portfolio management.

However, Cooper (2012:9) argues that the reason for
companies not achieving success in due to poor NPD
processes.

Research findings on the reasons behind the poor
performance of new product development are due
to product portfolio management being disengaged
from the company’s vision.

Model 3 below reflects the challenges faced by organizations in NPD processes.

An article on value innovation portfolio management
(2006:1) suggested that a customer centric portfolio
management is what managers should strive for.
Similarly a survey was conducted on 64 senior project managers to assess their views on PPM.
The findings were that the biggest challenge was
the lack of executive support (CBP survey of project
portfolio management practices 2010:1). These finding are an agreement with the Aberdeen Group
and also the Product Development Management
Association.

Model 3
Fig. 6 above is a visual representation of how
the problems encountered by organizations in the
new products development process feed each other.
He suggested that intensive market research and reengineering the entire NPD process is the solution.
A study conducted by Cooper, Edgett and Kleinschmidt (2012:3) states that there are two ways
for a business to succeed at new products, i.e., doing
projects right and doing the right projects.
Model 4 below represents the best practices for PPM
is doing the right projects the right way.
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Figure 6. Challenges faced by organizations in new product development process
(source: Iainsanders 2009:3)

Figure 7. Representation of best practice for PPM is doing the right projects the right way
(source: Iainsanders 2009:4)

Model 4: Product portfolio management
Fig. 7 above indicates the impact of decision making
in product portfolio management.
The empirical evidence supports the critical role
of senior management in PPM. Results from a study,
examining the consequences of poor portfolio management practices found that the portfolio bubble
diagram as most suitable for achieving a balance
of projects (Cooper, Edgett and Kleinschmidt
2007:19). According to modern portfolio theory,
a company can reduce the risk of their investments
by creating a diversified portfolio so that some investments may produce strong returns during poor
economic climate (Hanford 2007:1). Kirkpatrick

(2007:7) is in disagreement with Cooper in that he
feels that market research is important at every stage
of development. He feels that the company goes
beyond the product created.
A further study was conducted in a manufacturing
industry where portfolio management was introduced as a new organization practices. Augusto,
Miguel (2008:10-23) found that PPM helped raise
the profile of new product development system
and can be effective if it is aligned with company
strategy. However future research is needed to develop a framework for better integration between
the PPM process and NPD process.

Product Portfolio Management: An Important Business Strategy

A critical analysis of the various literature reviews
and empirical evidence reveal that top management
involvement and support, consumers, resource allocation are all essential ingredients to successful
product portfolio management which will increase
the success rate of new product development process
and lead to improved organizational performance.
4

Conclusions from literature review

The objective of this study was to present a literature
review of models, theories, approaches and findings
on the relationship between product portfolio management and new product development.
Evaluation of the literature review suggests that new
products can allow companies to change strategic
direction, prevent companies from becoming stagnant, improves competition and fills a niche in the
market place. New product development is seen as
a four step process: create, assess, develop and pursue. For almost 20 years researchers have focused
on determining principles and tools to increase
the efficiency of new product development (NPD)
processes. However, the success rate of new products in the market still remains low. It is described
like milk and cream, where the best new products
opportunities rise to the top of the list whilst the balance is discarded.
New product introductions performance in the market depends on management ability to anticipate
the critical factors of success or failure. Research has
shown that different organizations view NPD best
practice differently. NPD best practice has been
characterized across seven dimensions, i.e., strategy,
process, research, project climate, company culture,
metric and performance measurement and commercialization.
Others view best products to be consumer oriented
and that products should be conceived and designed
to address the needs of real people. A significant
relationship exists between NPD and product portfolio management. NPD poor performance has been
directly or indirectly attributed to poor product portfolio management.
Portfolio management best practices maximize return, competitive advantage and efficient allocation
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of resources. If NDP projects have failed to achieve
their objectives, it does indicate a flaw in the product
portfolio management process implemented by the
organization.
Management ability to identify the best projects that
align with business strategy in order to efficiently
allocate scarce resources is critical to an organization’s success and NPD performance. The bubble
diagram (Fig. 1) has been identified as an effective
tool for resource allocation. NPD success depends
largely on two things: doing projects right and doing
the right projects. Market research and testing should
be conducted at every stage of the development
of the project in order to make go/kill decisions.
If projects that are unlikely to succeed can be identified earlier in the development phase before further
investments, it could save the company from incurring huge losses due to poor project selection.
The findings indicate that lack of executive support
and insufficient upfront information for decision
making are some of the biggest challenges faced
by organizations.
It has been established from the literature review that
some of the top performers in NDP choose projects
that are aligned with company strategy rather than
placing too much emphasis on financial returns.
Based on the evidence from the study, it can be concluded that an organization’s performance can be
improved by achieving a well-balanced, high value
diversified portfolio.
Top management involvement and support, consumers, efficient resource allocations are all essential
ingredients to successful product portfolio management which will, in turn, improve NDP performance
in organizations.
5

Recommendations

In light of the ongoing challenges faced by management: inability to properly value product opportunity
and align resources to appropriate projects for their
portfolios in order to achieve success in NPD projects, and based on the literature accumulated,
benchmarks for NPD best practice as well as product
portfolio management best practice are proposed.
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Product portfolio management techniques are recommended to address the concerns of diminishing
product portfolio relevance and loss of competitive
advantage of the company in this study.
6
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Abstract: Environmental Management Accounting (EMA) is a broader concept of accounting which
uses accounting tools and practices to support company-internal management decision making on environmental issues and its impact on company performance. Research on EMA can be divided into two
broad categories: theoretical and empirical studies. The theoretical studies based on framework that aim
to explain the nature of the relationship between economic and environmental performance and
the adoption of Environmental Management Accounting in a business environment. The empirical
studies follow two lines of research, instrumental studies aim to empirically test the relationships hypothesized in theoretical studies; descriptive studies are intended to examine the factors that encourage
the adoption of EMA. This review paper examined the role of MFCA in identifying non-product output
(waste) and its impact on an organisations profitability. Various case studies are examined in this article that demonstrates MFCA to an important environmental management tool to ensure future sustainability of an organisation.
Keywords: environmental management, material flow cost accounting, economic and environmental
performance, sustainability, profitability.

1

Introduction

Although environmental accounting forms an important part of industrial decision making in first
world countries, there is however a lack of commitment to the environment in South Africa (De Beer
and Friend, 2006). Environmental assessment (EA)
is an integral component of environmental regulatory
systems in developing countries like South Africa.
It is one of the most important emerging trends
in national environmental legislation. The EA process can contribute to effectiveness of the environmental
regulatory
system
by
integrating
environmental considerations into the planning
and appraisal of development activities. It can contribute to an improvement in environmental performance and cost effectiveness of the environmental
regulatory systems.
The concept of EMA is not clear to many individuals
in an organisation and is conceived as a system that
merely monitors and reports environmental costs.
Jasch (2008:4) argues that “Doing environmental
management accounting is simply doing better, more
comprehensive management accounting, while wearing an “environmental” hat that opens the eyes
for hidden costs.” It should be noted that manage-

ment of environmental-related costs is important
even before reporting them. Hence, environmental
and financial performance is managed and improved
by adopting an EMA system (Schaltegger et al.
2010:47).
However, EMA adoption is still slow and lagging.
Managers are reluctant to invest large amounts
of money unless they are made aware of the amount
of money they could save by adopting cleaner production techniques and technologies. This article
discusses the underlying concepts of EMA, CP
and MFCA and provides empirical evidence
and case studies on the benefits of using MFCA as
an environmental tool to identify the “true” value
non-product outputs that managers need to consider
during decision making.
2

Theoretical review of EMA

1)

Environmental cost identification

Environmental changes and future threats can generate higher costs to the company. Strategic operational issue is that companies are not aware of the
magnitude of these costs as they are generally hidden
in overhead accounts.
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Greater transparency of these costs being managed
in a way that resulted in environmental and economic benefit (Olson and Jonall 2008).
Initially the reaction to environmental challenges
was to disperse pollutants better to reduce its harmful
impact on communities, thereafter environmental
management paradigm was to implement measures
to control pollution and treat wastes after they have
been created. Examples include effluent treatment
plants, catalytic converters and waste incineration,
also referred to as end-of-pipe technologies (Environmental strategies 2013). Jonall’s research was
a review of academic journal articles that focused
on environmental management accounting methodology that could be used to support decision making
in companies. Corporate environmental cost as revealed by research, were twice as high as the environmental costs that were disclosed by companies
in their annual reports.
Abdel-Kader (2011:63) asserts that the first publications on EMA was the World Resources Institute’s
“Green Ledgers” in which it had been argued that
environmental related costs was significantly underestimated and frequently accounted for as general
overheads. The fact that conventional income statements created a perception that environmental costs
are limited to separately identified items such as
fines and penalties, “end-of-pipe” pollution control
equipment and expenditure to remediate past environmental damage, all of which are defensive expenditures, therefore any potential to improve
environmental and economic performance by cost
reductions, developing new revenues and managing
risks are ignored, was clearly pointed out by AbdelKader (2011:64).
Jasch and Schnitzer (2002:6) suggested that environmental protection projects aimed at prevention
of emissions and waste at its source by more efficient use of raw materials are not recognized
and implemented due to the fact that environmental
costs not being accurately recorded resulting in distorted calculations for improvement options. It had
been discovered subsequently that many of the businesses’ costs are environment-related and that simple
actions could be taken to improve environmental
and business performance. This has led to an increase in the number of publications to create aware-

ness among practitioners. To overcome these challenges, the American healthcare multinational Baxter
Inc.’s published Environmental Financial Statement
(EFS) as a subset of the company’s overall income
statement to calculate the aggregate costs and benefits arising from their environmental program. Abdel-Kader (2011:64-65) confirmed that the EFS
generally showed positive financial contributions
whilst adhering to legal compliance.
Environmental Cost Accounting Guidelines were
introduced by the Japanese government defining
environmental costs into six different types to encourage companies to publicly report these costs
with the hope that this will assist in more informed
decision making among managers.
Jonall (2008:29) mentioned in his review of corporate results that when EMA methodology was applied at a Canadian Mackenzie Paper Division paper
mill, environmental costs were found to be more
than twice as high as those reported in the company’s year-end report. This concludes that many important environmental costs are hidden in other
accounts and supports the view that environmental
costs are higher than generally perceived by management. However the respondents from the company were unhappy about the findings and questioned
the reliability of EMA methodology rather than the
company’s operational performance. The results
of the case was concluded reporting that established
accounting practices needed to be evaluated because
it is suspected that it may be unintentionally supporting polluting technologies (Jonall 2008:32).
The United Nations development program as part
of the Department of sustainable Development reports EMA as an important management tool that is
of benefit to both industry and government.
They (UNEP) have embarked on several activities
to educate and encourage companies of the benefits
of using EMA. Some of which was the following:
being part of the expert working group on EMA
which introduced the international guidance and also
developing training course in EMA. Following these
international developments, South African companies have considered environmental issues in their
decision making processes regarding products
and processes. It has been suggested that EMA is
a valuable tool for businesses to adopt whilst re-
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sponding to environmental challenge and still focusing on the triple bottom line (Ambe 2007:7). What
had been brought to the fore front was the potential
savings to South African companies by implementing good environmental management by using EMA
to accurately trace and identify environmental costs
(Ambe 2007:11-12).
Environmental Accounting can be used to demonstrate the potential for environmental investment
to yield financial. A pilot testing project of Environmental Management Accounting on 10 case studies
conducted by Jasch and Schnitzer (2002:6) showed
that there is clearly lack of communication between
the environmental manager and cost accountant
in companies.
The environmental manager has limited access
to actual cost accounting documents and although
the cost controller has most of the information, they
lack the ability to separate the environmental part
without proper guidance. Environmental Management Accounting is a combined approach to bridge
this communication gap and provide for the transition of data from cost accounting and financial accounting to reduce environmental impact by
increasing material efficiency. Similar findings were
reported by Albelda (2011:76-100) who explored the
role of management accounting practices as facilitators of the environmental management.
The results showed that by reinforcing the four significant EMA’s elements: commitment to continual
improvement of environmental performance; compliance with environmental legislation; communication with stakeholders; and employee involvement,
management accounting practices operate as a facilitator mechanism for environmental management.
Poor communication links between the accounting
and technical departments result in inaccurate cost
allocation, which eventually leads to managers making incorrect operational and investment decisions.
This ultimately has inverse impacts on a company’s
environmental and financial performances. It had
been discovered subsequently that many of the businesses’ costs are environment-related and that simple
actions could be taken to improve environmental and
business performances (Jasch and Schnitzer 2002:6).

2)

39

Framework of EMA

Cost allocation by EMA could result in the following
benefits (Introducing Environmental Management
Accounting at Enterprise Level: 9). Jasch (2003:667676) claims that this comprehensive framework
for EMA ensures that all relevant and significant
costs are considered during decision making:
 pricing of products could change due to recalculation of costs,
 profit margins of products could be re-evaluated,
 decision to phase out products because of high
environmental cost,
 processes and procedures may be re-designed
to reduce environmental cost; and
 continuous monitoring of environmental performance and good housekeeping measures implemented,
 unnecessary costs are eliminated.
Framework for EMA proposed by Burritt et al.
(2002) on categories of different EMA methods
based on the attributes of the information and the
uses to which the information is to be applied.
The 16 categories in which different EMA methods
can be positioned and understood in terms of their
purpose and data source are demonstrated in the
table below (Bennett, Schaltegger, Zvezdov 2013)
The Table 1 above explains the categories of EMA
information generated as follows:
 information is monetary and non-monetary (physical),
 measure past performance or to make decisions
for the future,
 distinguished between decision involving strategic information over several years and more operational information covering shorter time
period,
 how routinely the information is provided regularly for a recurring purpose or on an ad hoc basis
for a specific non-recurring need.
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Table 1. Categories of EMA
(source: Burritt R.L., Haun T., and Schaltegger S., 2002:43)
Time

Type
of report

Physical
short-term

Physical
long-term

Monetary
short-term

Monetary
long-term

past-oriented

routinely
generated

x

x

x

x

ad hoc

x

x

x

x

routinely
generated

x

x

x

x

ad hoc

x

x

x

x

future-oriented

During a study conducted by Ambe (2007:7), external factors influencing EMA adoption were discussed, as follows:
 increased stakeholder pressure concerning environmental issues,
 greater need for integration of physical and financial aspects of environmental management,
 combined financial, environmental and social
consideration incorporated into concepts of sustainable development and corporate social responsibility, and
 greater environment-related costs.
Monetary EMA methods rely on corresponding
physical information about materials and energy
flows and are past-oriented. This type of information
can provide managers with an overview of inefficiencies in material and energy usage which is useful
in identifying and analysing potential improvement
opportunities. Bennette, Shaltegger and Zvezdov
(2013) reported that past-oriented information is
found most often in businesses. However, once managers become aware of opportunities for efficiency
improvements and other benefits, then futureoriented information will also be needed. Firms will
thus be able to achieve first mover advantage
by being proactive in strategic planning. It would be
up to management to decide which tools would best
suit their information needs.
Hyrslova (2011:47) states that within the EMA
framework, it is necessary to analyse the individual
activities and processes to prepare material and energy balances in order to understand waste flows
and express these flows in monetary units. Accord-

ing to EMA any waste generated is a sign of inefficiency. Therefore it can be concluded that an EMA
system provided much more valuable information
to support decision making within an organisation
than a traditional management accounting system.
The concept of EMA is not clear to many individuals
in an organisation and is conceived as a system that
merely monitors and reports environmental costs.
It should be noted that management of environmental related costs is important even before reporting
them. A sound EMA system is required to ensure
that environmental issues that adversely affect businesses are not ignored. Environmental and financial
performance is managed and improved by adopting
an EMA system (Schaltegger et al. 2010).
3

Tools of Environmental Management
Accounting

1)

Development of Material Flow Cost Accounting (MFCA)

MFCA is a powerful method of environmental management and is being disseminated to industries because of its potential to help organisations realize
that by increasing the transparency of material losses, companies can reduce environmental impacts
and improve business efficiency. Japan then took
the leading role wishing to make a contribution
to the world by making both environment and economies compatible through dissemination of an advanced environmental management accounting
approach. As a result, ISO/TC207/WG8 (MFCA)
was established in 2008.
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The effectiveness of Japanese MFCA best practices
and successful case examples was communicated
after ISO 14051 (international standardization
of MFCA) was issued in 2011.
MFCA was first developed in Germany but has since
been adopted in Japan. It involves the detailed mapping of the material and energy flows through
an organisation, however the costs of wasted materials (non-product output) are not absorbed into product costs but are identified and reported separately
at all stages (Abdel-Kader 2011:67-68). MFCA was
developed as a tool to enhance material productivity
in manufacturing operations. This process gained
widespread significance as it was used in Japan
and became evident as a useful tool to evaluate
the loss of material in both physical and monetary
units. Due to great pressure being placed on organisations to improve their economic and environmental
performance and also considering the large cost
of raw material inputs, MFCA was established as
an official international standard for organisations,
ISO14051. This method was applied by manufacturing companies to assess the loss of materials through
inefficient use of resources and to identify possible
savings that could bring about economic and environmental benefits (Schmidt and Nakajima 2013).
MFCA is a key management tool with an objective
to manage manufacturing processes with regard
to the flows of materials, energy, and data to ensure
that the manufacturing process proceeds efficiently.
Hyrslova` et al. (2011:5-18) defines material losses
that occurs during the course of corporate processes
as an inseparable part of material flows (examples,
defective products of poor quality, scrap, waste and
damaged products. These material residues are economically and environmentally undesirable. Emphasis of this approach is on the transparency of material
flows and on related costs. Focuses on measures that
aim to identify areas of cost saving by reduce material consumption and waste disposal.
In an article published by Schmidt and Nakajima
(2013), it had been found that the volume of production waste excluding air and water is as much as
a quarter in quantity. Production waste of German
companies in 2011 was higher than product waste
in 2010 by 1.54 million tons (use model on page
359).

41

Hyrslova` et al. (2011:5-18) reported findings
of a company that manufactures ceramic tiles that
adopted MFCA approach to their entire production
process to identify material losses in quantity
and value. It had been established that the MFCA
system provided important data for the optimization
of the company’s manufacturing processes.
2)

Definition and Theoretical Framework
of MFCA

Schaltegger et al. (2010:397) describe MFCA as one
of the EMA tools aimed to reduce both the environmental impact and cost simultaneously. In addition,
MFCA is also a tool used in organizations’ decisionmaking which is aimed at improving their business
productivity by reducing costs through waste reduction. MFCA measures the flow of raw materials
in both physical and monetary units. Cost categories
are material cost, energy cost, system cost and waste
management cost (Schmidt and Nakajima 2013:358369).
According to Schmidt and Nakajima (2013:358369), a large number of companies are introducing
MFCA in Japan which is aimed at reducing material
losses rather than recycling wastes. Reduced material
input and material cost directly results in reduced
waste generation. This eventually leads to improved
efficiency in processing and waste treatment costs.
Hence, two key activities of environmental management are reduction of waste generation and resource
consumption in order to lower the environmental
impact of the manufacturing process. MFCA identifies the source of waste generation as well the quantities and costs of waste generated from a process.
Furthermore, MFCA can be seen as an effective
management tool used to help management to better
understand the environmental aspects and profitability by improved material productivity and cost reduction. MFCA traces and calculates both the
physical and monetary values of material flows
for products and wastes (Material flow cost accounting MFCA case examples 2010).
Abdel-Kader (2011:67-68) claims that MFCA is
a powerful method of environmental management
and was being disseminated to industries because
of its potential to help organisations realize that
by increasing the transparency of material losses,
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companies can reduce environmental impacts
and improve business efficiency. He goes on to describe the process as involving the detailed mapping
of the material and energy flows through an organisation.
Hyrslova` et al. (2011:5-18) define material losses
that occur during the course of corporate processes
as an inseparable part of material flows, for example,
defective products of poor quality, scrap, waste
and damaged products). These material residues are
economically and environmentally undesirable.
However, the costs of wasted materials (non-product
output) are not absorbed into product costs but are
identified and reported separately at all stages.
MFCA was developed as a tool to enhance material
productivity in manufacturing operations.
This method was applied by manufacturing companies to assess the loss of materials through the inefficient use of resources and to identify possible
savings that could bring about economic and environmental benefits (Schmidt and Nakajima 2013).
Scavone (2006:1276-1285) had similar findings and
adds that the aim of adopting this methodology is to
successfully reduce material inputs and to achieve
new measures for increasing overall efficiency which
will eventually lead to positive economic and environmental improvements.
Jasch (2009) goes a step further to claim that
the most remarkable development on a methodological level, in the area of environmental management,
has been MFCA which has influenced companies
and regulators as far as Japan.
Scavone (2006:1276-1285) argues that MFCA is
an adequate methodology to achieve better data
and improve efficiency of production systems which
lead to not only lower costs of actual material used
but also to lower costs in material handling
and waste disposal. Thus, material flows become
more transparent, as explained previously by other
authors. Bierer and Gotze (2011:3) explain that material loss cost can be calculated by multiplying
quantity of each material (Physical amount in kg)
by their unit prices. Even though external recycling
may assist in recovering some material cost, material
loss cost is still significantly higher.

Lagioia, Tresca, and Gallucci (2014) studied
the adoption of MFCA adoption to integrate physical
and monetary data in small enterprises for waste
reduction decisions. They found that environmental
impacts are not correctly recorded using traditional
accounting systems and this lead to inaccurate decision making. Strategic, informed decision making is
a key to an organisations success and this is highly
influenced by the availability of an integrated data
management system. This pilot test was conducted
on a small Italian enterprise producing rubbish bags
and operating in the plastic sector. MFCA was used
to verify and assess the efficiency of the production
process. However there were some problems experienced by the research team in applying the MFCA
methodology.
The company, being an SME had a traditional accounting thinking, which focused mainly on monetary information with a lack of clear flow chart of the
production process in physical units. Both organisational and accounting difficulties were experienced
in applying the MFCA methodology.
Based on the company’s financial sheets and the
existing literature, assumptions and estimates had
to be done. Aim was to establish the economic value
of the physical amounts associated with the manufacturing process in order to show the economic
value of material losses. Considering the economic
downturn, this could allow to reduce losses, to avoid
considerable costs, reorganizing and optimizing better the management of the material flow process.
Also the decision to invest in cleaner production
technology could be influenced by the findings
of this research. Once again it had been concluded
that MFCA is a powerful tool that organisations
could adopt to identify physical and monetary hidden
flows which will lead to environmental and economic decision making.
Economic loss caused by material losses includes
all input costs of the process, such as energy, labour,
depreciation, and material cost. MFCA assists
the organisation in identifying, analysing and evaluating their economic loss by material loss.

Theoretical Developments in Environmental Management Accounting and the Role and Importance of MFCA

43

Problem identification
MFCA
uses quantities and costs
to make material loss "visible"
Opportunities for improvement

Figure 1. The figure below represents the most important benefit of MFCA
(source: self-generated)

Material flow cost accounting (MFCA) case examples (Ministry of Economy, Trade and Industry
of Japan 2010) provides information on limitations
and benefits of MFCA implementation:
 There were certain limitations related to MFCA
application as follows:
- operational control of collecting MFCA information for quantification and incorporating
it as part of daily activities,
- need for an interface for linking a cost management system with a daily report, and
- coordination with ISO 14001activities.
 Challenges of MFCA:
- daily report improvement,
- data collection method,
- communication barriers between management
and on-site workers.
3)

Benefits of MFCA

The Fig. 1 represents the most important benefit
of MFCA and shows that MFCA helps companies
to identify and quantify their non-product output
(material losses) by increasing the transparency
of material losses throughout the process. This enables management to identify problem areas and implement measures to improve process efficiency.

This information was identified during analysis
of the case examples provided.
4

Case studies on MFCA Application

MFCA has been adopted in many case studies and
resulted in environmental and economic benefits for
the organisation. Some of these cases have been
cited below.
MFCA was carried out as a test project at a Japanese
firm, Canon, on their lens production process with
focus on the grinding process. Conventional accounting revealed 1% loss on defective products, however
after the application of MFCA, it became evident
that a large part of the costs was due to material losses of defective products. Approximately 32% of the
process costs could be allocated to material loss.
Following the successful implementation of MFCA,
the approach was adopted at 17 Canon plant sites
in Japan and abroad resulting in a total saving of 5.1
billion yen, equivalent to US $ 51 million, between
2004 and 2012. This saving was mainly due to more
efficient use of resources resulting in improved economic and environmental performance. It was also
found that between 20% to 30% of costs are actually
non-product output costs. MFCA enabled the companies to identify material losses that was previously
hidden in their production processes.
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It is evident that cooperation with suppliers, data
exchange and high measure of trust between companies is important and a pre-requisite for the successful implementation of MFCA approach (Schmidt
and Nakajima 2013:358-369).
In a case study of Shinryo Co. Ltd, MFCA was applied to the processes from producing to packaging
of brown sugar products. The results and findings
were reported in the booklet that was produced by
the “FY 2009 International Standardization of LowCarbon Environmental Management Accounting”
committee, commissioned by the Ministry of Economy, Trade and Industry, Japan (2010). MFCA data
were defined as follows:
 material costs: all input materials,
 waste management cost: waste management cost
for raw-sugar paper bags added to the calculation,
 energy cost: electric power and heavy oils cost,
 system costs: personnel, depreciation, and maintenance /repair cost.
MFCA analysis found that:
 off-specification products accounted for 5%
of overall products; however they did not incur
any material losses, just losses such as system
costs and energy consumption,
 losses from dropped products and others comprised of % of overall products,
 losses from packaging materials were a significant cost; improvement based on MFCA analysis
was operational improvement and loss reductions
by reducing relevant cost down to a reasonable
level: packaging waste reduction option was
changing to less costly materials, rather than prioritizing the quality; this will reduce costs and result in better customer satisfaction due to less
waste for customers.
MFCA analysis identified minor improvement
measures that could generate benefits such as improved productivity, more efficient use of resources,
better customer satisfaction, reduced material loss
and lower costs.
In the case study of Kodai Sangyo Co., Ltd, MFCA
was targeted towards the project processing wooden
materials for home-use “drain boards”. MFCA application showed that there had been 33% of material

loss in mill-ends and swarf came from the material
length of purchased material that was based on specific product design. At the conclusion of the case
study, it had been found that information from three
sources, that is, “sales management system”, “accounting system”, and “production management
system” would be required for the establishment
of the MFCA management system increased
the transparency of the flow of material losses in the
process, and also improved the company’s business
performance.
During the last decade the importance of effective
material flows, have increased significantly. Companies however require access to a measurement system to measure and compare material flows
and costs in order to identify potential savings.
In another article published by Schmidt and Nakajima (2013), it had been found that the volume of production waste excluding air and water is as much as
a quarter of total quantity used. Production waste
of German companies in 2011 was higher than product waste in 2010 by 1.54 million tons (use model
on page 359).
Hyrslova’ et al. (2011:9-16) applied MFCA, a tool
for the optimization of corporate production processes in a ceramic tile manufacturing company. He discovered that costs associated with material losses
was approximately 86 million CZK. A recommendation based on MFCA calculation, for the company
to mainly concentrate on the processes taking place
within the quantity centre. Preparation of material, as
this was where majority of material losses occurred.
Conclusions drawn from this case was that MFCA
method contributed significantly to the development
of new technologies which eliminated deficiencies
of traditional technological processes by reducing
the quantity of material losses wherever possible.
MFCA application increased the transparency
of material losses and highlighted saving opportunities in the case studies cited. Hence, it provided useful information to assist management decision
making regarding the introduction of new technologies. The need for efficient use of resources due
to its increasing cost may to an extent encourage
organisation to adopt MFCA approach to identify
saving opportunities.
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South African companies are not familiar with this
approach, therefore is a need to increase awareness
of the benefits of this new tool to organisations that
generate lots of waste during their production processes. Companies can use their previous financial
data and apply MFCA approach to identify the monetary and physical values of their losses in the form
of non-product output costs. This will help them
identify saving opportunities by investing in CP
technologies that use less input resources and generate less waste, improving both environmental
and economic performances. It can be concluded
that there is a need for more publications on cases
in South Africa that have become aware of their nonproduct output costs by adopting MFCA models.
More research based on case studies that can demonstrate effectiveness of MFCA application in increasing transparency of environmental costs that were
not visible when conventional costing systems were
used could encourage the adoption of MFCA approach by organisations that want to reduce production costs.
In many cases, companies that applied MFCA identified material losses to be significantly higher than
they had previously realised.
It has also been established that MFCA presents
the opportunity for engineers/companies to aim towards CP and achieving their targets of lower material losses and cost reduction (material flow cost
accounting case examples 2010). Furthermore,
the Japanese Industrial Standards Committee
(2007:6), in its proposal for international standardization of MFCA, argued that, since MFCA forms the
ultimate platform of an organisational unit, it should
be considered for standardization. ISO14051 was
developed in Japan in 2011 within the ISO14000
family, to set out standards and general principles for
MFCA to provide support and guidance to companies and contribute to worldwide resource efficiency.
South Africa together with a number of other countries like Brazil, United Kingdom, Finland, Malaysia
and Mexico were involved in developing the norms
for ISO14051. At this stage, more than 300 manufacturing companies had successfully adopted the
MFCA approach and have benefited economically
and also reduced the environmental impact of their
production processes.

1)
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Waste Costing

It considers not only the purely end-of-pipe costs
and disposal costs, but also the materials costs involved in material losses and the share of system
costs involved in material losses and the share
of system costs connected with material losses (cost
segments 2, 4, 5 and 6). Waste costing places materials efficiency much more clearly in the foreground
than traditional environmental costing. However,
in waste costing the products and their packaging
(and thus by far the largest materials quantity and the
largest cost block) are still left untouched.
2)

Flow Cost Accounting

Aims to identify and analyse the entire system
of material flows as an essential cost driver. Not only
the material costs but also all the system costs are
assigned to material flows (cost segments 1 to 6).
A kind of total cost accounting, encouraging the
following actions:
 develop products that require less materials,
 develop product packaging that requires less materials, and
 reduce materials losses (rejects, scrap, cut-offs),
and, as a result of this, reduce waste (solid waste,
effluent and exhaust).
The instrument of flow cost accounting shifts a company’s in-house materials flows to the centre of the
cost analysis. In order to achieve this vital transparency, the values and costs of the material flows are
divided up into the following categories:
 materials,
 systems,
 delivery and disposal.
5

Conventional accounting practices
vs Environmental Management Accounting

Schmidt and Nakajima (2013:358-369) found some
weaknesses in conventional cost accounting in that it
cannot give all the required data. Monetary value
flows are traced and interpreted as product cost
in a conventional cost accounting (CCA) system.
CCA focuses on cost figures for each product in each
process whereas MFCA checks mass balances
in each process. Generally companies focus on the

46

Mishelle Doorasamy

input materials and the quantity of products produced from these inputs, not on the material losses
generated from the specific process. In MFCA input
materials, output and non-product output (material
losses) are measured and then evaluated in monetary
terms. MFCA is seen as the new “Kaizen” for many
Japanese companies.
Schmidt and Nakajima (2013) concurred that lessons
for companies is that inconsistencies in management
information will result in material losses being incorrectly calculated. Therefore accuracy and relevance
of internal data as well as data collection and cost
evaluation are extremely important for an organisation. Hyrslova (2011:47) states that within the EMA
framework, it is necessary to analyse the individual
activities and processes to prepare material and energy balances in order to understand the waste flows
and express these flows in monetary units. Therefore
it can be concluded that an EMA system provided
much more valuable information to support decision
making within an organisation than a traditional
management accounting system. The concept
of EMA is not clear to many individuals in an organisation and is conceived as a system that merely
monitors and reports environmental costs.
Khalid and Dixon (2012) investigated the level
of EMA implementation in companies within industries in Malaysia to gain insight into pressures
of implementing environmental management. During
interviews within the organisations, it had been
found elements of environmental-related management accounting were implemented aimed to primarily at cost reduction. Companies with which they do
business as well as pressures from customers
for environmentally sensitive workplaces play
an important role in how a company reacts to environmental issues. Khalid et al. (2012:3) claims that
by using EMA, companies could implement proactive techniques that could prevent or reduce the environmental impact their operational activities.
Jasch (2009:832) noted that the obvious defects
of conventional accounting practices, is that it does
not provide comprehensive and adequate information
for environmental management purposes. EMA,
on the contrast includes and integrates both monetary
(costs and savings) and physical information about
the “use, flows and destinies” of resources enabling

good management decisions taking into consideration environmental impact and profit margins. Conventional accounting methods does not track
and trace excess material and energy used to their
sources or incorrectly allocates these costs to an
overhead account. Hence wasted material and energy
remains unabated. Domil, Peres, and Peres (720)
identified EMA as a combined approach that assists
in transition of financial and cost accounting data
to improve material efficiency and reduce environmental impact and risk of organisational activities.
Sygulla et al. (2011:2) suggested that traditional cost
accounting is not well suited for monetary evaluations of processes, as they have a strong departmental orientation and material cost are considered
to be a direct cost.
Hence, traditional cost accounting provides insufficient knowledge about internal use of material
in manufacturing as well as material losses. Environmental cost accounting analyses environmental
costs and costs of material flows, but not in detail.
MFCA has been developed to overcome this shortcoming and is more suitable for the economic appraisal of alternative material and energy saving
process configurations and technologies. Sygulla
et al. (2011:2) states that MFCA supports managerial
decision making by making it possible to visualize
and quantify material losses. MFCA has been mainly
implemented in practice in Germany and Japan,
where the approach had first been developed. It has
been reported that MFCA has been extensively promoted by the Japanese Ministry of Economy, Trade
and Industry, whilst German examples still remain
low.
A guidance document on corporate Environmental
Management Accounting (EMA) was developed
in 2005 for IFAC, the International Federation
of Accountants which was based on a publication
on principles and procedures of EMA initially written for the United Nations Division for Sustainable
Development (UN DSD) (Jasch 2005).
According to the UN DSD, two types of information
are considered under EMA:
 physical information – including data on the use,
flows and final destination of energy, water, materials and wastes,
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 material purchase costs as a major cost driver
in many organization.
According to the guidance document for EMA (Savage and Jasch 2005), material can be distinguished as
follows:
 raw and Auxiliary materials – EMA loss percentages are estimated, as not all raw material inputs
are converted into products,
 packaging materials purchased – leave the company with the product but have a loss percentage
during production,

 operating materials – are not part of the product
but necessary for the production process; they are
part of waste and emissions and constitute the
most significant share of total EMA costs and also have major saving potential in production
companies.
The System of Environmental-Economic Accounting
(SEEA 2003) handbook provides common framework for economic and environmental information.
There is a need for consistencies in data collection
and reporting to aid assessment and benchmarking
process

CONVENTIONAL ACCOUNTING SYSTEM

EMA SYSTEM

INPUT (100KG)

INPUT (100KG)

MATERIAL COST R1000

MATERIAL COST R1000

PROCESSING COST R600

PROCESSING COST R600

TOTAL

TOTAL

R1600

OUTPUT (PRODUCT)
PRODUCT (80KG)
MATERIAL R1000
PROCESSING COST R600
TOTAL R1600

OUTPUT (WASTE)*
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R1600

OUTPUT (PRODUCT)
PRODUCT (80KG)
MATERIAL COST R800
PROCESSING COST R480
COST OF POSITIVE PRODUCT R1280

OUTPUT (WASTE)

WASTE (20KG)

WASTE (20KG)

MATERIAL COST R0

MATERIAL COST R200

PROCESSING COST R0

PROCESSING COST R120

TOTAL R0

COST OF NEGATIVE PRODUCT R320

Figure 2. Model of material flow cost accounting (MFCA)
(source: Model first developed in Germany in 1999, thereafter it was modified by Ministry of Economic,
Trade and Industry of Japan 2007)

Jasch (2009:833) noted his findings of a case study
of a Danish food company in Danisco that implemented an EMA system using guidelines provided
by the International Federation of Accountants
(IFAC). It was found that operational management
were not aware of several environmental costs
and these costs were not easily accessible for external reporting and when considering investment options. EMA system revealed that its non-product
output (NPO) costs accounted for 88% of total environmental related costs and end-of-the-process costs

which focused on dealing with the consequences
of NPO were only 11% of total costs. The company
now uses NPO to benchmark their performance
which highlights potential savings in resources
for the company.
Conclusions reached by Sygulla et al. (2011:4-6) was
that ISO’s recent interpretation of MFCA suggested
that flow cost be categorised as follows: material
costs; energy costs; system costs; and waste management costs.
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Material costs are determined by summing up the
results of the physical amount of the particular material multiplied by their specific input prices. A fixed
input price is suggested to ensure consistent appraisal for all manufacturing steps. Sygulla et al. (2011:6)
pointed out that the MFCA approach allows
for greater transparency of material usage and losses
as well as to identify opportunities for increased
performance of manufacturing processes by the detailed information of current costs that is provided.
It was suggested by Sygulla et al. (2011:6)
that a stronger integration of the MFCA and the traditional cost accounting is needed to ensure continuous use and in order to lower barriers of adoption.
Fig. 2 illustrates a tool of EMA to measure the physical and monetary unit flows of material in the manufacturing process to identify accurate cost of waste
and emissions for substantial cost reduction.
6

Empirical evidence that cleaner production
can improve both environmental and
economic performance of an organisation

1)

Recent Developments in MFCA

Schmidt and Nakajima (2013:358-369) stated in their
article, that the cross-country approach of MFCA
is a recent development. It is possible to undertake
economic and environmental assessments of the
material loss when the cross-country approach
is used. The key question is “what costs can be saved
in the overall system by using resources more efficiently and reducing material losses?” CO2 emissions are connected to material loss, if material loss
is avoided/reduced, CO2 emissions will also be reduced (Schmidt and Nakajima 2013:367).
2)

Non-Product Output

The most significant share of total environmental
costs, is usually non-product output costs. An EMA
system can provide information needed that could be
used for directing decisions towards the adoption
of cleaner production measures implementing new
technologies to reduce these costs (Domil, Peres,
and Peres 720).
Hyrslova (2011) believes that an EMA system provides users with valuable information regarding
the material purchase value of non-product output

and makes it possible to track and trace where nonproduct outputs are created. Management can use
this information to propose measures to increase
the efficiency of material use that will reduce environmental impacts and at concurrently improve economic performance of the organisation.
The purpose of material flow balance as explained
by Jasch (2009:832) is to completely understand how
much of what is put into the system becomes a product, and how much becomes non-product output
(NPO). He suggests that understanding NPO is the
best way to manage environmental issues. The generation of waste or NPO is a sign of inefficient production. Therefore material flows, is not only
important for assessment of environmental cost, but
also for production oriented cost assessment. It had
been concluded that Material Flow Cost Accounting
(MFCA), although in its imperfect form, is a powerful tool to ensure the future sustainability of a business.
Schmidt and Nakajima (2013) concluded that a key
concept of MFCA is to distinguish between product
cost and non-product output, to evaluate which
streams of material ends up as part of the final product and which streams of material are non-product
output. Once material losses are quantified, improvement measures are identified and opportunities
to reduce costs by avoiding material losses. Monetary savings are higher than if the company assessed
only direct costs of waste disposal for the residual
materials. Knowing the complete costs allows
for scope for technical measures in order to reduce
material loss. This is made possible by MFCA analysis.
One of the major cost drivers reported during company workshop studies was the material purchase
value of non-product output (Jonall 2008:32).
Thus evidences has been found that has identified
material purchase value of non-product output as the
category of EMA that has the potential of largest
cost savings as stated by Jonall (2008:40). Nonproduct outputs are a major cost factor for companies
considering that polluting companies actually pays
three times for non-product output. First, the cost
of purchasing the raw material which end up as
wasted material.
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Secondly, the company incurs costs for operational
use of raw material, example labour and investment
cost.Finally, the company then pays for the disposal
of this wasted material (Jonall 2008:42). This is the
actual cost of the wasted material which most companies fail to realise. Making them aware of this can
create the need to improve material efficiency
by investing in newer, cleaner production technologies. Not all wastes and emissions can be eliminated
even if state of the art technology (BAT) technology
is used, Domil, Peres, and Peres (720) believes that
a more suitable approach to help managers plan
cleaner production measures and investments
in cleaner technologies, would be to create three
different benchmarks against which companies can
compare their non-product output costs. These
benchmarks will be an indication as to how a company can manage and control their non-product output costs in the short-, medium, and long-term.
The first standards indicate technological norms.
These represent the most efficient use of material
at optimal functioning of the company’s existing
technology. This standard allows for waste and emissions that cannot be avoided by operating existing
technology in an efficient way. These standards can
be accessed from technical manuals and process flow
chart analysis. Actual costs of inputs are compared
to inputs if technological norms were followed,
this difference is quantified and evaluated to establish how much a company can save in the short-term
if the existing technology was operated efficiently.
Best available technology (BAT) levels are more
stringent.
These technologies are considered to be the most
efficient and environmentally protective available
on the international market currently. These standards can only be achieved in the medium-term when
the company can switch to BAT or significantly
modify its existing technology. Savings that could be
possible by switching to BAT is evaluated by the
difference between actual costs of inputs and inputs
for BAT norms. This benchmark reflects some waste
and pollution will be generated but lower quantities
than technological norms. This is generally the
benchmark used in calculating non-product output
cost in most literature. The final benchmark is the
theoretical norms. This standard reflects a 100%
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efficiency, which requires significant technological
development and only achievable in the long-term.
Domil, Peres, and Peres (721-722) discussed the
different levels of non-product output costs and how
these costs can be controlled within different time
frames. The difference between actual non-product
output costs and cost for the technological norms is
what most companies will be interested in for operational reasons. This information shows deviation
from technological standard costs due to inefficient
use of existing technology.
The non-product output costs at this level can be
reduced by better housekeeping, example better
monitoring of raw material consumption, avoiding
scraps and wastes and reducing energy and water
consumption. This information needs to be generated
on a monthly basis for companies to react faster.
Level 2 non-product output costs (BAT) norms
needs to be generated on less frequent basis. This can
be used to work out the economic feasibility of performing technological improvement.
This information will be used when considering
changing technologies, between 3-7 years depending
on the technological life cycle of the equipment.
Total environmental costs reported must include
non-product output costs related to BAT. It is suggested that these costs be calculated annually
for internal reporting purposes and to assist managers in making important investment decisions.
Domil, Peres, and Peres (2010:721-722) discuss
the different levels of NPO costs and how these costs
can be controlled within different time frames.
The difference between actual NPO costs and cost
for the technological norms is what most companies
will be interested in for operational reasons.
3)

Benchmarking and Controllability of NonProduct Output Costs

Benchmarks are used in environmental management
to compare environmental performance. Benchmarking allows companies to assess their performance
and identify opportunities for improvements (Table 2).
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Table 2. Benchmarks of companies
(source: Csutora and Palma, 2009:6)
Material purchase value
of non-product output

Ability
to control cost

Method
of controlling cost

Potential
cost savings

non-product output
less technological standards

short-term

good housekeeping
measures

small to medium

technological standards cost
less state-of-the-art standards

medium-term

switch to state-of-theart technology

medium to large

state-of-the-art standards
less theoretical costs

long-term

technological
invention

medium to large

Furthermore, benchmarking assists managers in
identifying areas that incur large environmental costs
that could be easily reduced by good housekeeping
measures. It can, therefore, be concluded that since
benchmarking is a process of continuous searching
for best practices in completing tasks, it is also most
likely that this could increase an organisations’ success in adopting CP techniques and technologies.
7

Conclusion

Recent paradigm shift of environmental management
from pollution control to pollution prevention had
led to the introduction of Cleaner Production techniques and technologies. The emphasis of CP is on
reducing waste at its source.
CP techniques include low cost strategies, such as
good housekeeping to investments involving high
capital cost, such as changes in technologies, production processes or input product substitution. Many
case studies have been cited in the literature review
highlighting the benefits of adopting CP measures.
However, in South Africa, CP is still very much
in its infancy stage. Research shows that this is the
only solution for companies that generate significant
waste and consumes large amount of resources.
Waste is a sign of inefficiency, and inefficient pro-

duction processes impact negatively on a company’s
profitability and environmental performance. In order to identify which processes are inefficient, there
is a need to trace material and energy flows.
Material Flow Cost Accounting (MFCA), an EMA
tool traces the flow of material throughout the entire
production process, highlighting inefficiencies.
The most significant portion of environmental costs
are non-product output costs. Previous research has
shown that MFCA accurately traces the monetary
and physical amounts of non-product output costs.
It increases the transparency of environmental costs
allowing managers to identify saving opportunities
by adopting CP techniques or technologies.
This enables them to make informed investment
decisions and to assess the benefits of adopting
cleaner production techniques or technologies.
It is evident from various case studies that many
organisations are not fully aware and knowledgeable
on how to actually implement EMA and, therefore,
are unable to experience the benefits of EMA implementation. Since this concept is new to many
industries, there is clearly a need for more structured
guidelines on how to adapt current management
accounting practices to include environment-related
information.
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Governments, environmental support groups
and other regulatory organizations need to promote
and encourage EMA adoption in various industries.
EMA implementation remains a “niche” in South
Africa as organisations are reluctant to adopt new
systems unless they are compelled to do so as a regulatory or legislative requirement.
8
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Abstract: The aim of this article to provide a theoretical framework on the concepts of Sustainable
Development and the process that companies need to follow in order to ensure the future sustainability
of business operations. Various secondary sources and previous literature was reviewed to clearly identify why companies are finding it difficult to conduct their business operations in a sustainable manner.
Stricter legislation and regulations, increased competition, depletion of natural resources and market
pressures have placed organisations under increased pressure to improve environmental performance
and achieve eco-efficiency. This paper provides comprehensive overview of how companies can
achieve the ‘Triple bottom line’ by committing to continuous improvement and adhering to the regulations stipulated according to the International Standards of Organisations (ISO14001).
Keywords: sustainable development, strict waste legislation, eco-efficiency, ISO14001, environmental
performance, triple bottom line.

1

Introduction

In many developing countries, an increase in industrial activity, electricity demand and transportation
results in emissions and poor air quality has become
a major issue (Stringer 2010:34-35). Higher energy
and raw material prices are causing sustainable production to grow in relevance and importance. Hence,
the need for Cleaner Production (CP) and ecoefficiency which focuses on improved productivity
and reduced impact as the result of design over the
life of products, processes and services (National
cleaner production strategy 2004:11; Lakhani
2007:1391). Since the amount of waste to landfill is
increasing steadily, stricter waste legislations have
been introduced. This is expected to have major implications for businesses that are conducting their
business operations in an unsustainable manner.
It has therefore extremely important for all companies to fully understand the process and procedures
necessary to ensure their future sustainability
and to commit to continuous improvement processes.
Social, economic, and environmental performance
are essential for a business to ensure its future sustainability.

2

Sustainability

2.1

Sustainable development

Sustainability became a topical issue almost two
decades ago. Fore and Mbohwa (2010:314-333)
point out that increased environmental problems,
because of increased production and consumption,
had contributed to the concept of sustainable development (SD). Early publication focused on the relevance of the environment to business and how this
could be relevant for the role of accounting and alternative ways in which data can be processed.
This was done using a ‘Total cost assessment model’. As sustainability developed, the question was
where and how would companies derive information
needed to support the operational issues of various
processes to ensure that the necessary data was
available when required (Bennett, Schaltegger
and Zvezdov 2013).
This has placed companies under pressure to adopt
sustainability due to industry pressure and competition; stricter environmental regulation; pressure from
stakeholders to monitor activities and outputs more
closely; and increasing shortages of natural resources
and higher energy costs. Since sustainability focuses
more on non-financial information, there is a demand
for companies to adopt new information systems
or adapt their existing accounting system.
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The international community committed itself to
sustainable development at the United Nations Conference on Environment and Development (UNCED)
in Rio de Janeiro in 1992. SD is ultimately about
development that meets the needs of the present generation without compromising the ability of future
generations to meet their needs.
Others had interpreted sustainability as ‘environmentalism dressed up for the 21st century.’ Sustainability
was linked mainly towards creation of jobs and
wealth in a fair manner and in ways that protect the
environment (Environmental strategies 2013). Fore
and Mbohwa (2010:314-333) concur that SD is not
a business practice but rather a long-term goal
of individual companies.
At the 2002 World Summit on Sustainable Development held in Johannesburg, a shift towards sustainable consumption and production was noted.
Greater emphasis was placed on inefficient
and wasteful use of natural resources (Resource Efficient and Cleaner Production 2013).
Issues raised at the summit clearly showed that much
of the wealth generated in the country was at the
expense of natural assets. Therefore, it was empha-

sised at the forum that businesses need to take
an active role in protecting these natural assets and
reducing the environmental impact of operational
activities (Ambe 2007:3). In 2006, a draft Strategic
Framework for Sustainable Development in South
Africa was used to reaffirm South Africa’s commitment to implementing full measures to ensure that
businesses cooperate and adopt a sustainable development approach to their business activities (Ambe
2007:4).Some researchers have argued that the root
cause for environmental problems is the lack of an
environmental management policy (Ahmad, Saha,
Abbasi and Khan 2009:iv). Environmental and social
aspects of business are not adequately recognised by
current accounting systems and these issues may not
be fully accounted for during decision making. Nonfinancial information is now being used to supplement the traditional financial information flows
for external reporting and internal management
needs. Sustainability accounting and production has
encouraged companies to review their processes
and products to take into account and respond
to changing cost structures and risks (Bennett,
Schaltegger, and Zvezdov 2013).

SCOPE AND RESULTS
WASTE
MINIMIZATION
RECYCLING

INDUSTRIAL
ECOLOGY
CLEANER
PRODUCTION
POLLUTION
PREVENTION

POLLUTION
CONTROL
WASTE
DISPOSAL

TIME AND WORK
Environmental management systems
Figure 1. Staircase of Concepts aiming Sustainable Development
(source: Nabais 2011:4)
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Thereafter, the “Triple Bottom Line” became widely
accepted as a company level approach to sustainability. Hence, businesses had to focus on and manage
their environmental, social and financial performance (Schaltegger et al. 2010).

for adopting ISO 14001 or EMAS. Li (2004:1) found
an enhanced development of EMA among companies that were ISO 14001 certified. This has also
encouraged governments to promote EMA implementation within countries.

Sustainability, however, continues to pose a challenge to companies that are struggling to design
a systematic approach to address all three aspects
stated above. EMA then became recognised as
a prioritized intervention that integrates the ecological and economic dimensions necessary for SD
(Ambe 2007:4).

The availability of win-win possibilities and leadership by individuals in the company management had
been reported as the most common internal factors
that influence the implementation of standards.

Fig. 1 demonstrates the key concepts aimed at SD.
EMA and the balance scorecard were introduced
to industry as a means to measure sustainability factors to compare and benchmark environmental performance (Lambert, Carter and Burritt).
Fig. 1 highlights key concepts of SD. Each step involves more time and greater effort on the part
of organisations aimed at achieving zero emissions.
From the above evidence, it is clear that SD is
a long-term strategy involving step-by-step processes
of development and progress towards achieving the
ultimate goal, as depicted in Fig. 1.
2.2

Environmental management

a)

International standards of organisation
(ISO 14001)

Bennett, Schaltegger and Zvezdov (2013) describe
environmental standards such as ISO14001 and Environmental Management Accounting Systems
(EMAS) as voluntary standards that act as a form
of regulatory governance as they become institutionalised and internationally recognised. Its aim is
to make cost relationships transparent and provide
guidance during process and product design decisions by adopting conventional costing systems.
They believe the purpose of ISO 14001 is to help
companies implement environmental management
systems (EMS) that fulfil certain criteria. Ahmad,
Saha, Abbasi and Khan (2009:v) concur that the ISO
14001 EMS could be used by managers to assess
and measure progress and performance by providing
standard auditing, communicational and reporting
protocols. Complementary standards such as ISO
9001 have been found to be the most relevant factors

b)

“Best practices” of environmental management

Christmann (2000:13-17) analyzed three processfocused “best practices” of environmental management during his research to identify their direct effect
on cost advantage:
 Best practice 1: Use of pollution-prevention technologies
Pollution-prevention technology has the potential
to increase the efficiency of the production through
reduced input costs, substitution of less costly inputs,
savings from recycling or reusing materials,
and reduction of waste disposal costs;
 Best practice 2: Innovation of proprietary pollution-prevention technologies
Internal innovation of pollution-prevention technologies contribute to the firm’s cost advantage in many
ways: First, managers become aware of inefficiencies in current production processes and products
that were not previously recognized, by developing
new pollution-prevention technologies. Second, innovation of pollution-prevention technologies has
greater potential for cost-saving changes in the production process. Third, the technologies are proprietary to the firm, therefore, the firms are likely
to appropriate the rents that are created by these internally developed technologies. Competitors are not
easily able to imitate these internally developed pollution-prevention technologies; and
 Best practice 3: Early timing
Addressing environmental issues earlier than competitors or before environmental regulation is established contributes positively to cost advantage
by minimizing disruptions of the production process
usually caused by implementing compliance technologies, allowing the firm to gain cost advantage
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through the learning curve effects, by addressing
environmental problems early and influencing regulations can raise their competitors’ costs.
Holt (2009) views ISO 14001 as a logical extension
of the quality management system ISO 9001. Some
researchers advocate that both quality improvement
and environmental investments can have positive
effects on a firm’s competitiveness (Orsato
2006:129-130).
The King Commission (2002:240) cite the following
nine reasons for businesses to improve its environmental performance, as per The United Nations
Global Compact, noted by Mohr-Swart (2008:102):
 implementing CP and eco-efficiency improves
resource productivity,
 clean companies are being rewarded by new economic instruments,
 stricter environmental regulations,
 cleaner companies are seen as low risk and also
preferred by insurance companies,
 banks are more willing to provide financial assistance to cleaner companies,
 positive effect on company’s image,
 health and safety of employees,
 negative impact of pollution to human health, and
 pressure from customers for cleaner products.
Radonjic and Tominc (2007:1482-1493) conclude
that ISO 14001 certified firms were more productive
and achieved better environmental performance.
They also found that the adoption of cleaner technologies were more likely among certified companies as
ISO 14001 was considered a useful tool for technology changes in companies which were committed
to the IPPC directive. Hence, it can be suggested that
being ISO certified means that an organisation has
committed to ensuring that it complies with the continual improvement policy and, therefore, would be
more likely to consider implementing CP techniques
and technologies to achieve SD.
However, even though companies are ISO 14001
accredited, many of them are unaware that this is just
the start towards their commitment to SD and greater
effort and change is required to actually reach targets
set in their policies. Despite emerging best practices,
there is still much discrepancy regarding corporate

environmental strategies and its impact on environmental performance across many organisations. According to Sinclair-Desgagne (2004:7), the biggest
challenge that firms are currently facing is the difficulty in integrating environmental issues into day-today business activities. Gil, Andres and Salinas
(2007:89) argue that management commitment
and awareness of environmental responsibility significantly influence corporate strategy. SinclairDesgagne (2004:7) suggests that all business units
need to be involved in environmental goal-setting
and implementation in order to successfully achieve
environmental objectives. Many of the goals stated
in environmental policies have not been achieved
due to lack of commitment to move past pollution
control and waste disposal strategies. Most companies are just content to satisfy the minimum requirements of an ISO 14001 audit without changing
or improving their production processes or technologies.
c)

Environmental management systems

Definition and framework of EMS
Ferenhof, Vignochi, Selig, Guillermo, Lezana,
and Campos (2014:44-53) define EMS as a tool
aimed at reconciling economic growth with the environment and is used to support a company with systematic processes for implementing environmental
goals, policies and responsibilities, as well as regular
auditing of its elements.
They recommended that EMS designed for an organization must take into consideration the operation’s
activities and how the company’s actions impact the
environment and an environmental indicator system
be used to identify potential opportunities for cost
reduction and improve environmental performance.
ISO 14001 provides a useful framework for promoting efficient EMS which should be part of an integrated system of management.
Radonjic and Tominc (2007:1482-1493) added that
EMS is an important part of the pollution-prevention
approach. The manufacturing process performance is
improved and impacts of process upsets and equipment failure are greatly reduced by the adoption
of sound EMS.

Staircase to Sustainable Development

57

Compliance to environmental laws and regulations

as well as innovation is also facilitated through EMS

adoption. However, Henriques and Sadorsky (2007:
119-132) disagree with the above hypothesis
and found that EMS reduces the likelihood that
an organisation will implement clean technologies
while Total Quality Management (TQM), on the
other hand, increases the chances of an organisation
implementing clean technologies. They do, however,
admit that EMS systems provide the platform
for promoting innovation in organisations as part
of their proactive environmental strategy. In addition, Ahmed et al. (2009:iv) advocate that EMS cannot function in isolation and needs to be incorporated
into the main corporate agenda.

Brent and Premraj (2007:31) found that, although
studies show that environmental performance may
improve by adopting a formal EMS, there were still
unclear guidelines on how to effectively implement
an EMS system.

They believe that an EMS can merely provide
an administrative and systematic structure to be utilized as a sustainable environmental management
mechanism, but cannot provide guidelines on how
to achieve sustainability. However, the argument
of whether or not proactive environmental activities
increase business performance remained unresolved
for many researchers (Darnall, Henriques and Sadorsky 2008:364-376).

It can, therefore, be concluded that one needs to have
a clear definition of sustainability and integrate this
as part of the strategic planning process and policy
development. It is only then that an EMS could be
used as a tool to successfully achieve sustainability
targets.
Effective EMS for manufacturers of pulp and paper
include spill prevention and control, preventative
maintenance, emergency preparedness and response,
and energy efficiency programmes. EMS enables
companies to implement preventative-maintenance
programmes to identify and repair equipment before
it fails and thereby avoid large releases to the environment.

CONTINUAL IMPROVEMENT

MANAGEMENT REVIEW

ENVIRONMENTAL POLICY

CHECKING AND CORRECTIVE ACTION

PLANNING

•MONITORING AND MEASUREMENT
•CORRECTIVE AND PREVENTIVE ACTION
•RECORDS
•EMS AUDITS

•ENVIRONMENTAL ASPECTS
•LEAGAL AND OTHET REQUIREMENT
•OBJECTIVES AND TARGETS
•ENVIRONMENTAL MANAGEMENT
PROGRAMMES

IMPLEMENTATION AND OPERATION
•STRUCTURE AND RESPONSIBILITY
•TRAINING, AWARENESS AND COMPETENCE
•COMMUNICATION
•EMS DOCUMENTATION
•DOCUMENTARY CONTROL

Figure 2. The EMS approach: “Embedding” Environmental Issues
(source: Holt 2009)
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Proactive measures, made possible by adopting
an EMS, tend to reduce and control unnecessary
losses that would be incurred by companies. Internal
audits are carried out to assess the performance
of the EMS and the International Standards Organization recognizes the importance of such a system.
ISO 14001 has stated the key elements of an EMS
and include the following:
 vision as defined by the environmental policy,
 objectives and targets for environmental performance,
 programmes to achieve those targets,
 ways to measure and monitor the system’s effectiveness, and
 periodic review of the system to improve overall
environmental performance.
ISO 14001 focuses on the management process, not
on its content and performance. Manufacturers can
develop their goals and objectives to achieve continuous environmental improvement (Henriques and
Sadorsky 2007:119-132).
Holt (2009) highlights the following EMA information that an EMS provides:
 monitoring, compliance and performance data
that is routinely collected,
 increasing the visibility of cost saving options
to managers, and
 inaccuracies in the allocation of environmentrelated “overhead” costs are revealed.
Fig. 2 indicates elements of an EMS within an organisation, which is based on the principle of continual
improvement.
2.3

Environmental Management Accounting
(EMA)

a)

Development and theoretical framework
of EMA

Environmental changes and future threats can generate higher costs to the company. The strategic operational issue is that companies are not aware of the
magnitude of these costs as they are generally hidden
in overhead accounts. Greater transparency of these
costs ensures that they are being managed in a way

that results in environmental and economic benefits
(Jonall and Olson: 2008).
Initially, the reaction to environmental challenges
was to disperse pollutants better to reduce their
harmful impact on communities. Thereafter, the environmental management paradigm was to implement measures to control pollution and treat wastes
after they have been created. Examples include effluent treatment plants, catalytic converters and
waste incineration, also referred to as end-of-pipe
technologies (Environmental strategies 2013).
However, the current management accounting systems were inadequate to provide the information
on monetary and physical environmental impacts.
Therefore, EMA was introduced. EMA has been
developed and applied for nearly two decades and
has now emerged from a “twenty year niche issue”
to a globally popular topic in academia and industry.
Abdel-Kader (2011:63) asserts that the first publications on EMA was the World Resources Institute’s
“Green Ledgers” in which it had been argued that
environmental-related costs were significantly underestimated and frequently accounted for as general
overheads. Conventional income statements created
a perception that environmental costs are limited
to separately identified items such as fines and penalties, “end-of-pipe” pollution control equipment and
expenditure to remediate past environmental damage, all of which are defensive expenditures. Therefore any potential to improve environmental and
economic performance by cost reductions, developing new revenues and managing risks are ignored,
was clearly pointed out by Abdel-Kader (2011:64).
Benette, Schaltegger and Zvezdov (2013) developed
a working definition for EMA as “a tool for transforming physical and financial measures of environmental data into information for decision making
to judge environmental performance”. Qian, Burritt
and Monroe (2011:93-128) added that EMA is used
to identify, collect and analyse both physical and
monetary information for internal decision making.
Physical information comprises of data on use and
flows of energy, water, and materials including
waste, whereas monetary information is based
on environment-related costs, savings and earnings
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and environmental costs that are generally hidden
under overheads. As per International Federation
of Accountant (IFAC), EMA is defined as the development and implementation of environment-related
systems and practices to manage environmental
and economic performance (Schaltegger et al. 2010).
Furthermore, EMA is an approach of corporate environmental management involving the application
of accounting tools and practices to assist managers
in decision making on environmental and economic
performance (Schaltegger, Gibassier and Zvezdov
2011:2). Li (2004:1) suggests that, in a contemporary
world, EMA should be used in the strategic development process to create a balancing interaction
between economic, social and technological factors
to ensure a sustainable environment.
In all of the definitions of EMA stated above,
the types of information that should be considered
by organisations and analysis techniques adopted
for internal decision making to maximize profitability are highlighted.
However, the main objective of an EMA system,
as suggested by Scavone (2006:1276-1285), is the
introduction of ongoing environmental preservation
activities and disclosure of the company’s environmental position internally and to its stakeholders.
EMA adoption makes it possible for an organisation
to be able to generate high quality informational
reports containing both monetary and non-monetary
data. Monetary data is extracted from the data base
that supports financial reports and is used by management to make informed business decisions.
The United Nations Development Program as part
of the Department of Sustainable Development reports EMA as an important management tool that
is of benefit to both industry and government. They
(UNEP) have embarked on several activities to educate and encourage companies of the benefits
of using EMA.
One of the activities was being part of the expert
working group on EMA which introduced the international guidance and also developing training
course in EMA. This publication offered a set
of principles and procedures for EMA based on that
which was commonly used in Financial Accounting
methods with the intention of reducing the cost
of adopting an EMA system (Jasch 2003:667-676).
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Following these international developments, South
African companies have considered environmental
issues in their decision- making processes regarding
products and processes. It has been suggested that
EMA is a valuable tool for businesses to adopt whilst
responding to environmental challenges and still
focusing on the triple bottom line (Ambe 2007:7).
At the time of the study, there was an apparent lack
of awareness and understanding of the significance
of the environmental costs and their impact on the
overall performance of the organization. What had
been brought to the forefront was the potential savings to South African companies by implementing
good environmental management by using EMA
to accurately trace and identify environmental costs
(Ambe 2007:11-12). It can, therefore, be concluded
that Environmental Accounting can be used
to demonstrate the potential for environmental investment to yield financial benefits to an organization.
Qian and Burritt (2008:244) added that multidisciplinary knowledge, information and skills as well as
inter-professional communication are needed
for EMA. Recent developments in EMA emphasise
the greater need for accounting information when
making decisions regarding environmental projects
(Qian and Burritt 2008:244).
Hence, communication between the accounting department and the environmental management department is crucial if an organisation wishes
to succeed in EMA implementation. Accountants
play an important role as they are expected to access
the data and analyse variables associated with various environmental costs. In addition, there is also
need to assess whether or not costs have been allocated and handled correctly and in accordance
to environmental policies and guidelines. Therefore,
in order to gain maximum benefits of EMA, an integrated system that provides comprehensive information is thus needed.
Scavone (2006:1276-1285) states that, by adopting
an EMA system, a company can develop proactive
environmental programmes which, in turn, improve
profitability and competitiveness, reduce business
costs, increase worker productivity and morale, enhance brand image, and improve relations with regulators and local communities.
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Table 1. Environmental costs of a company
(source: Jasch 2009)
Environmental Protection Costs (Emission Treatment and Pollution Prevention)
+

Costs of wasted material

+

Costs of wasted capital and labour

=

Total corporate environmental costs

She believes that companies that adopt proactive
measures to address environmental issues are in an
excellent position to identify problems and opportunities to introduce innovative solutions. It is essential
for companies to generate reliable past and futureoriented information by using environmental accounting decision tools such as EMA, to enable effective and efficient management of environmental
consequences of the business operations.
Godschalk (2008:259) explains that a company can
reduce its exposure to environmental risks and liabilities by being proactive and being aware of possible
environmental costs and savings available during
their strategic planning phase. Hence, there is an
increased need for systems that can provide reliable,
accurate physical and monetary environmental information. This, in turn, would assist in meeting the
needs of customers and other stakeholders that have
a vested interest in the company’s operational activities.
Qian, Burritt and Monroe (2011:93-128) emphasise
the incompleteness of conventional management
accounting approaches by using terms such as “true”,
“total”, “comprehensive”, and “life cycle”. Decisions
based on conventional accounting practices only take
into consideration the operational costs of waste
management as compared to EMA, which generates
both financial and non-financial information that is
used by managers to support internal environmental
management processes.
They pointed out that companies do not consider
alternatives such as resource recovery and material
recycling as disposal to landfill is considered as the
most feasible and competitively attractive option
because of the low operation costs of landfill disposal. This is caused by incorrect calculation of actual
environment cost by current management accounting

systems. As a rule in environmental management,
80 percent of environmental costs are caused by 20
percent of production activities undertaken by
an organisation. Under traditional accounting, these
costs are blocked under overhead accounts and thus
shared by all product lines, thus, leading to incorrect
estimation of product prices and reduced profitability
of the organisation (Bennett, Rikhardsson,
and Schaltegger 2003). According to Jasch (2008),
during decision making, the cost of wasted materials,
capital and labour need to be added to assess
the value of total corporate environmental costs.
Table 1 shows the internal calculation of environmental costs by a company. Table 1 indicates that,
when calculating environmental costs, the purchase
value of wasted material and the production costs
of waste and emissions must be considered.
Ambe (2007:6) clarifies the following shortcomings
of conventional management accounting practices
in environmental cost consideration during internal
decision making:
 many environmental costs were “hidden” in
overhead accounts,
 the allocation of environmental costs from the
overhead accounts were thereafter incorrectly allocated to processes and products,
 some environmental costs were incorrectly considered “fixed” instead of “variable”,
 volume and cost of wasted raw materials were
incorrectly calculated,
 relevant and significant environmental costs were
excluded completely from accounting records resulting in environmental costs being understated,
and
 EMA information is not considered during investment appraisal.
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In response to the abovementioned shortcomings
of conventional management accounting system
and increased environmental challenges, EMA was
suggested as a valuable business tool for implementation by organisations to create a better link between
environmental and economic performance (Ambe
2007:6). This made it possible for businesses
to achieve the triple bottom-line without compromising the environment.
Godschalk (2008:262) concluded that, ultimately,
the internally-orientated benefits of adopting EMA
are as follows: assist organisations in achieving
competitive advantage, greater cost-efficiency,
and improved image and customer relations. Olson
and Jonall (2008:8) stress the importance of having
a more structured accounting system in increasing
cost efficiency and improving environmental performance. Incorrect cost allocation leads to incorrect
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decision making. Therefore, tracing cost to the actual
cause of it, either a process or product rather than
reflecting it under overhead accounts, is extremely
important, especially in strategic decision making.
Olson and Jonall (2008:8) illustrate the principle
of cost allocation in the Table 2 by demonstrating
the impact of incorrect environmental cost allocation.
Table 2 shows that if environmental costs were
shared equally between both processes, an incorrect
profit amount would be generated which, in turn,
will impact on future investment decisions. Hence,
process A would not have been given preference
over project B. Therefore, in order to ensure that
transparent, accurate environmental costs are allocated to the actual process or product, an EMA system
would be most appropriate to implement in the future.

Table 2. Impact of environmental cost allocation
(source: Olson and Jonall 2008:8)
Examples: 1) without,
2) with Environmental overhead cost

“Clean” process A

“Dirty” process B

Revenues

$200

$200

Production costs

$100

$100

$0

$50

$100

$50

Revenues

$200

$200

Production costs

$100

$100

If environmental costs are overhead

$25

$25

Illusory profit

$75

$75

-25%

+50%

Correct environmental cost allocation

True Environmental costs
True profit
Incorrect environmental cost allocation

The latter (2) is incorrect by
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Table 3. Environmental Cost Categories
(source: Introducing Environmental Management Accounting at Enterprise Level 2001:9)
1
Waste
and emission treatment

2
Prevention
and environmental
management

3
Material purchase value
of non-product
output

4
Processing cost
of non-product
output

5
Environmental
revenues

1.1 Depreciation
for related equipment

2.1 External services
for environmental
management

3.1 Raw
materials

4.1 Labour
costs

5.1 Subsidies,
Awards

1.2 Maintenance
and operating materials
and services

2.2 Personnel
for general environmental management
activities

3.2 Packaging

4.2 Energy
costs

5.2 Other earnings

1.3 Related Personnel

2.3 Research
and Development

3.3 Auxiliary
materials

1.4 Fees, taxes
and charges

2.4 Extra expenditure
for cleaner technologies

3.4 Operating
materials

1.5 Fines and penalties

2.5 Other environmental cost management

3.5 Energy

1.6 Insurance for environmental liabilities

3.6 Water

1.7 Provision for cleanup costs remediation

Various reports, including guidelines and recommendations for implementing EMA, have been published by the United Nations Division on Sustainable
Development (UNDSD) and the International Federation of Accountants (IFAC) (Schaltegger, Gibassier,
and Zvezdove 2011:1). However, every company
would have a different goal and vision according
to its needs and available resources for environmental-related activities. Hence, EMA should be customized to suit the needs and requirements of individual
organisations. It is, therefore, suggested that the current management accounting system of a company
be adapted to include environmental cost information.
Table 3 represents a summary of the main environmental cost categories found in businesses.
Table 3 was developed by the UNDSD in 2001 and
provides a framework and guidelines on environ-

mental cost categorisation. Hence, this information
could be useful to companies that want to implement
EMA as part of their continuous improvement policy.
Jasch (2003:667-676) claims that this comprehensive
framework for EMA ensures that all relevant
and significant costs are considered during decision
making.
Cost allocation by EMA could result in the following
benefits (Introducing Environmental Management
Accounting at Enterprise Level 2001: 9):
 pricing of products could change due to recalculation of costs,
 profit margins of products could be re-evaluated;
 decision to phase out products because of high
environmental cost,
 processes and procedures may be re-designed
to reduce environmental cost,
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Table 4. EMA methods
(source: Burritt, Haun and Schaltegger 2002:43)
Time

past-oriented

future-oriented

Type of report

Physical
short-term

Physical
long-term

Monetary
short-term

Monetary
long-term

routinely generated

X

X

X

X

ad hoc

X

X

X

X

routinely generated

X

X

X

X

ad hoc

X

X

X

X

 continuous monitoring of environmental performance and good housekeeping measures implemented, and
 unnecessary costs are eliminated.
The framework for EMA proposed is by Burritt,
Haun, and Schaltegger (2002) on categories of different EMA methods based on the attributes of the
information and the uses to which the information is
to be applied.The 16 categories in which different
EMA methods can be positioned and understood
in terms of their purpose and data source are demonstrated in table 4 (Bennett, Schaltegger, Zvezdov
2013).
Table 4 explains the categories of EMA information
generated as follows:
 information is monetary and non-monetary (physical),
 measure past performance or to make decisions
for the future,
 distinguished between decision involving strategic information over several years and more operational information covering shorter time
periods, and
 how routinely the information is provided regularly for a recurring purpose or on an ad hoc basis
for a specific non-recurring need.
Monetary EMA methods rely on corresponding
physical information about materials and energy
flows and are past-oriented. This type of information
can provide managers with an overview of inefficiencies in material and energy usage which is useful
in identifying and analysing potential improvement
opportunities.
Bennette, Shaltegger and Zvezdov (2013) reported
that past-oriented information is found most often

in businesses. However, once managers become
aware of opportunities for efficiency improvements
and other benefits, then future-oriented information
will also be needed. Firms will thus be able
to achieve first mover advantage by being proactive
in strategic planning. It would be up to management
to decide which tools would best suit their information needs.
Hyrslova (2011:47) states that, within the EMA
framework, it is necessary to analyse the individual
activities and processes to prepare material and energy balances in order to understand waste flows
and express these flows in monetary units to ensure
that all significant costs are considered when making
business decisions. According to Jasch (2008),
any waste generated is a sign of inefficient production based on the underlying assumption that all purchased materials must leave the company either
as a product or waste and emission. Therefore, it can
be concluded that an EMA system provided much
more valuable information to support decision making within an organisation than a traditional management accounting system.
The concept of EMA is not clear to many individuals
in an organisation and is conceived as a system that
merely monitors and reports environmental costs.
Jasch (2008:4) argues that “Doing environmental
management accounting is simply doing better, more
comprehensive management accounting, while wearing an “environmental” hat that opens the eyes
for hidden costs.” It should be noted that management of environmental-related costs is important
even before reporting them. Hence, environmental
and financial performance is managed and improved
by adopting an EMA system (Schaltegger et al.
2010: 47).
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During a study conducted by Ambe (2007:7), external factors influencing EMA adoption were discussed, as follows:
 increased stakeholder pressure concerning environmental issues,
 greater need for integration of physical and financial aspects of environmental management, and
 combined financial, environmental and social
consideration incorporated into concepts of sustainable development and corporate social responsibility; and greater environment-related
costs.
Although environmental accounting forms an important part of industrial decision making in first
world countries, there is however a lack of commitment to the environment in South Africa (De Beer
and Friend 2006). Environmental Assessment (EA)
is an integral component of environmental regulatory
systems in developing countries like South Africa.
It is one of the most important emerging trends
in national environmental legislation. The EA process can contribute to effectiveness of the environmental
regulatory
system
by
integrating
environmental considerations into the planning
and appraisal of development activities. It can contribute to an improvement in environmental performance and cost effectiveness of the environmental
regulatory systems.
Following great developments internationally, South
Africa began to place emphasis on environmental
impact during decision making on processes and
products, more especially in the context of energy
and raw material consumption and the resulting
waste of production processes. Despite commitment
from government and many organisations, the level
of EMA application still remains low. Ambe
(2007:11) concluded that EMA implementation
in developing countries was still at its infancy stage.
Conventional cost accounting systems are still used
by the majority of organisations in South Africa
as managers do not actually see benefits of detailed
environmental costing. Company managers believe
that developing new systems are expensive and traditional systems are perceived as adequate for reporting purposes.

b)

Theoretical perspectives of EMA

There are various theories that researchers have studied to identify the motivational reasons for EMA
adoptions.
The two categories most commonly researched are
the social theory and the organisational theoretical
perspectives. Both these theoretical perspectives are
explained briefly below.
Environmental reporting and environmental audit
research are sometimes based on the “stakeholder
theory”. The stakeholder theory implies that organisations need to place greater emphasis on stakeholders and ensure that a two-way communication is
facilitated as stakeholder interest is considered critical to a firm’s success (Godschalk 2008:250). Some
researchers argue that, in order to ensure sustainability of the company, the legitimacy theory must be
applied. This implies that a company needs to conduct their business operations in a way that is socially acceptable by the community. Schaltegger et al.
(2010:262) believe that stakeholder relations can be
improved by enhancing benefits they receive from
improved environmental performance. The company
needs to disclose its activities to ensure continuity.
The stakeholder theory and legitimacy theory are
similar in that they are both take an open system’s
view of organisations (Qian, Burritt and Monroe
2011:93-128). These theoretical perspectives relate
specifically to corporate environmental accounting.
On the other hand, a contrasting view to both theories mentioned above is the institutional theory that
views the organisation as part of the larger system
in which it operates. Qian, Burritt and Monroe
(2011:93-128) argue that the institutional theory is
more applicable to explaining motivations for adopting environmental management accounting in organisations. They also defined the contingency theory
as a competing theory for environmental management accounting. Jalaludin, Sulaiman and Ahmad
(2011:540-557) conducted a study aimed at understanding the relationship between EMA adoption and
institutional pressure using multiple regression analysis.
They reported that institutional pressure in terms
of training and education did, to some extent, influence EMA adoption in organisations.
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Bennette, Schaltegger and Zvezdov (2013) discussed
the impact of the contingency theory on environmental accounting. They stated that there is no single
best approach to sustainability in a company.
Instead, the optimal course of action is dependent
(contingent) upon the circumstances in each case
and upon relevant factors such as the company’s
environment, technology and culture.
Qian, Burritt and Manroe (2011:93-128) argue that
an organisation’s contextual dynamics are just
as important and needs to be considered when analysing environmental changes in organisations.
Since the external business environment is characterised by uncertainty, the contingency theory seems
most appropriate during analysis of environment
performance of an organisation. The contingency
theory is a strategic management-based organisational theory which focuses mainly on efficiency
and technical organisation rather than on motivational factors for adoption of EMA. It is, therefore, evident from the above review that there is no set theory
to explain EMA implementation. According to Qian,
Burritt and Monroe (2011:93-128), the view of the
contingency theory is that organisations are driven
by task performance. They believe that the effectiveness of management control systems is contingent
upon its business environment and contextual situations. Hence, it is both the contingency factors
and the uncertain organisational environment that
support the development of EMA within the organisation.
c)

Challenges of EMA implementation

Several factors make it difficult for the implementation of EMA in an organisation. Poor adoption
of EMA in many industries increased the need
to investigate some of the challenges experienced
by companies.
Ferenhof et al. (2014) mention some challenges
to adopting EMA that they discovered during research: implementation of EMA has a lack of organisation incentives at the start as some companies
perceive disclosure of accounting information
as risky. It is only when they can actually see results
in monetary terms do they realise that the business
is improving because of actions taken.
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Accountants are usually unaware of information
improvements that could be obtained by using EMA
methodology when they design an accounting system, making it difficult for effective collection
and evaluation of environment-related information.
De Beer and Friend (2006) added that deficiencies
in institutional capacities, untrained staff, shortages
of resources as well as inadequate base-line data
and environmental monitoring have been identified
as some of the shortcomings in current regulatory
systems in middle-income countries. Furthermore,
research shows that there are poor communication
links between accounting and other departments
in an organization. As a result, information used
by management for decision making may be inaccurate.
Inconsistencies in the type of information system
used by the accounting and technical departments
also make it difficult to track and trace certain environmental costs accurately (Shcaltegger et al. 2010).
During a study done in China, Li (2004:1) claimed
that problems related to EMA were the poor specification of environmental accounting information,
allocation of environmental costs, legislation issues,
and lack of environmental accounting standards.
Hence, stricter regulatory compliance is necessary
for companies to implement EMA systems and procedures because, if this is optional, many organisations would not likely want to make the change even
though they may be aware of the potential benefits
of the systems. They view such changes as “not
worth their while”. Conversely, Ahmed et al.
(2009:14) point out that “Environmental considerations are considered to be accompanied only by costs
or as counterproductive to economic growth”.
Some barriers that EMA helps to overcome, as mentioned by Olson and Jonall (2008:40), are management commitment by making managers aware
of actual environmental costs, information inconsistency, becoming more efficient and focused, thus
resulting in improved environmental and economic
performance, and promoting better quality of products through reducing the amount of defective products. In conventional cost accounting, both
environmental and non-environmental costs are included under overhead accounts and hidden from
management, resulting in incorrect decision making.
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Figure 3. Internal and external reporting of financial and non-financial data

Fig. 3 clearly demonstrates the four approaches
to environmental accounting (Olson and Jonall
2008:19). Fig. 3 depicts the EMA approach, including the internal, external, financial and non-financial
perspectives (Bartholomeo et al. 2000).
EMA, as described by Olson and Jonall (2008:19), is
a combined approach representing the transition
of data from financial accounting, cost accounting,
and material flow cost accounting.
Material flow balances, in physical units within
a defined system, form the core part of Environmental Information System.
d)

Empirical evidence of EMA

A large number of pilot testing projects have been
conducted on EMA, demonstrating its positive contribution towards companies achieving both environmental and economic targets (Qian et al. 2011:9328; Khalid and Dixon 2012:3; Bennette, Schaltegger
and Zvezdov 2013). A brief summary of the findings
from other pilot case studies that are considered relevant, are mentioned below.
A pilot testing project of EMA on 10 case studies
conducted by Jasch and Schnitzer (2002:6) showed
that there is clearly lack of communication between
the environmental manager and cost accountant
in companies.
The environmental manager has limited access
to actual cost accounting documents and although
the cost controller has most of the information,
they lack the ability to separate the environmental

part without proper guidance. EMA is a combined
approach to bridge this communication gap and provide for the transition of data from cost accounting
and financial accounting to reduce the environmental
impact by increasing material efficiency. Hence,
it was implied that, in order to enable the sharing
of environmental information, there was a need
to stimulate management accounting practices, formal and informal interactions between different
functions. Similar findings were reported by Albelda
(2011:76-100) who explored the role of management accounting practices as facilitators of the environmental management.
The results showed that by reinforcing the four significant EMAS elements: commitment to continual
improvement of environmental performance; compliance with environmental legislation; communication with stakeholders; and employee involvement,
management accounting practices operate as a facilitator mechanism for environmental management.
Poor communication links between the accounting
and technical departments result in inaccurate cost
allocation, which eventually leads to managers making incorrect operational and investment decisions.
This ultimately has inverse impacts on a company’s
environmental and financial performances. It had
been discovered subsequently that many of the businesses’ costs are environment-related and that simple
actions could be taken to improve environmental
and business performances (Jasch and Schnitzer
2002:6). Olson and Jonall (2008:29) mentions in his
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review of corporate results that, when EMA methodology was applied at a Canadian Mackenzie Paper
Division paper mill, environmental costs were found
to be more than twice as high as those reported in the
company’s year-end report. This finding concludes
that many important environmental costs are hidden
in other accounts and supports the view that environmental costs are higher than generally perceived
by management.
Porter’s hypothesis of the “win-win” scenario states
that if environmental regulation was properly designed, it can inspire innovation that will allow companies to use their inputs more productively to offset
the costs of improving the environmental impact.
Porter suggested that a strategy aimed at enhanced
resource productivity will make companies more
competitive (Bras et al. 2004).
The two impediments that were identified to using
environmental issues to gain competitive advantage
were: ignorance about direct and indirect environmental impact; and limitations of conventional accounting systems for tracking environmental costs
(Bras et al. 2004). Schaltegger et al. (2010:262)
are in agreement with Porter’s hypothesis of a winwin situation and stated that EMA can improve efficiency, reduce costs, improve decision making,
and competitive advantage. There is however, substantial evidence that indicates that customers prefer
companies that adopt measures to innovate to improve their environmental performance, and innovation also improved the image of the business
enterprise giving them a competitive edge.
Khalid and Dixon (2012) found that companies with
which they do business as well as pressures from
customers for environmentally sensitive workplaces
play an important role in how a company reacts
to environmental issues.
Khalid and Dixon (2012:3) claim that, by using
EMA, companies could implement proactive techniques that could prevent or reduce the environmental impact of their operational activities. AbdelKader (2011:67) also discovered contradictory arguments that have also been reported claiming
that EMA involves complex analysis such as material balances to track and gather information on environmental costs which are expensive and may not
always be cost effective.
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It is evident from various case studies that many
organisations are not fully aware and knowledgeable
on how to actually implement EMA and, therefore,
are unable to experience the benefits of EMA implementation. Since this concept is new to many
industries, there is clearly a need for more structured
guidelines on how to adapt current management
accounting practices to include environment-related
information. Governments, environmental support
groups and other regulatory organizations need
to promote and encourage EMA adoption in various
industries. EMA implementation remains a “niche”
in South Africa as organisations are reluctant
to adopt new systems unless they are compelled
to do so as a regulatory or legislative requirement.
3

Conclusion

There is a lack of awareness among South African
companies of the role and importance of EMA
in improving environmental and economic performance and achieving sustainable development targets. Therefore, many companies are still using
conventional costing systems and are unable to make
informed strategic decisions of investing in CP.
However, changes in legislation will greatly impact
on management’s current view on CP and EMA.
This paper has presented an analysis of keys issues
on EMA that have been investigated by other researchers. Empirical evidence to support these findings was also discussed. A critical analysis was
presented of the different views on the reasons
for the challenges that organisations face in adopting
an EMA system. Gaps in the studies were also realised during the literature review which allows
for further research into tools of EMA.
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Abstract: The paper describes a problem of project maturity of Polish and foreign construction companies. They were analyzed by their ability to execute construction investment projects. Survey results refer to issues related to the organizational culture and challenges connected with an improvement of the
processes of project management for construction. Generation Y employees, their value, and their role
at work were discussed in particular. It was underlined that modern managers should be able to profit
from skills of Generation Y and to employ and retain the best of them in order to build a competitive
advantage of the company. It was revealed that a success of the company is connected with an increasing level of project maturity as a condition for a successful project management.
Keywords: construction companies, project maturity, risk management, Generation Y.

1

Introduction

A specificity of the construction as a unique industry
evokes a necessity for considering construction investment projects with paying special attention
to their attributes that have various origins. Those
constraints, no matter if we call them The Iron Triangle [1], The Golden Triangle [2], more accurately
 The Project Management Triangle [3, p. 8; 4,
p. 22; 5] or more complex  The Project Management Diamond [6, p. 471], or even by any other
names of the concept based on six or more variables,
that is, scope, schedule, budget, risk, resources,
and quality, they always become crucial features
of a project. It is obvious that a specific project will
influence the constraints so a project manager needs
to be focused on them. It has to be said that the project team must be able to assess the situation
and balance the demands in order to ensure a successful project [7, p. 7].
Construction investment projects consist in spending
money on creating new or additional assets that
a company intends to convert into future benefits.
A typical goal of this kind of projects is to
build/construct, renovate, or improve a building
or an infrastructure that is a result of the project.
Owing to a scale of the construction project, its physical dimensions and, therefore, a long-term work that
occurs in one location with a duration of, on an aver-

age, more than one year, management should be
careful about achieving project’s goals that are prone
to error caused by poor project planning.
Risk, which is in fact a definition of the situation
mentioned above, is a key factor of the successful
project [8, pp. 18–27; 9]. The authors underline that
taking into consideration a risk perspective in the
management can be vital for the organization
and can become an important condition for business
growth. According to some studies [9], there is
a specific relationship between a success of a project
and a success of an enterprise. Moreover, it was revealed that there is a connection between a success
of construction enterprises and their successful investment, construction projects [10, pp. 278-285].
It is worth to emphasize that construction projects
are complex and associated with many uncertainties.
According to some papers, these uncertainties come
from not only the unique nature of the project
but also the diversity of required resources and activities. In general, they lead to a risk (what was noticed
previously) in achieving two main objectives (schedule and budget) that might cause conflicts between
owners and contractors where claims arise [11,
pp. 20-29].
A response to the need for eliminating uncertainties
and reducing risks coming from economic activity is
an attempt to improve project management capabili-
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ties in a company. That is why construction companies should pay more and more attention frequently
to the phenomenon called project maturity.
2

Maturity of construction project management in Polish construction companies

Before marking project maturity as an important
factor, it must be explained what does it mean.
In fact, maturity can be defined as a quality or a state
of being mature. If a concept of maturity is applied
to an organization, it may refer to a state where
an organization is in a perfect condition to achieve
its objectives. Consequently, project maturity can
mean that an organization is perfectly conditioned to
deal with its projects [12]. It seems to be quite obvious to talk about a certain degree of maturity and
make an effort to measure or characterize the maturity of the organization because fully matured organization is just a theoretical concept.

of risk management in large-scale construction projects and therefore models based on this phenomenon can effectively help organizations to understand
the level of current practice in terms of their capabilities in risk management, as well as their strengths
and weaknesses toward future risk management
practice, in order to take appropriate actions to improve their risk management performances [13].
According to Deloitte’s report, “construction companies rate the maturity of construction project management relatively high, and therefore a great
number of organizations are well prepared for worsening market conditions” [14].
Deloitte’s researchers examined in 2012 all answers
received from 39 Polish construction companies that
operate countrywide. Those companies were classified by three factors: revenue generated in 2010
in PLN, capital origin, and the presence on the Warsaw Stock Exchange. A structure of the sample is
presented in Fig. 1–3.

A narrower concept of project maturity is presented
by some other scientists. For example, maturity

Figure 1. Sample structure by revenue generated in 2010 in PLN [14]

Figure 2. Sample structure by origination of capital [14]
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Figure 3. Sample structure by presence on the WSE [14]

Organizations that participated in the survey were
asked to indicate a maturity level for 13 project management knowledge areas (according to the PMBoK
methodology), that is, Project Integration Management, Project Scope Management, Project Time
Management, Project Cost Management, Project
Quality Management, Project Human Resource
Management, Project Communication Management,
Project Risk Management, Project Procurement
Management, Project Environmental Management,

Project Financial Management, Project Safety Management, and Project Claim Management.
According to the report, a concept of maturity refers
to the comparative level of advancement that an organization has regarding any given activity or sets
of activities. Organizations with more fully defined
and actively used policies, standards, and practices
are considered more mature than the others.
All respondents indicated one out of five maturity
levels described in the following for each knowledge
area (Fig. 4).

Figure 4. Five maturity levels proposed by Deloitte (see text for explanation)
(source: own elaboration based on [14])

“1” (Initial) is a level featured by lack of standards
or formal processes. “2” (Evolving) describes a level
where some projects have developed best practice
processes based on industry or consultant input and
these processes are followed. However, the process
is not routinely shared off project and has not been
identified as standard. “3” (Perfecting) is a maturity

level in which the organization is developing its own
best practice standard and centrally controlled project management processes. “4” (Accomplished)
means that best practice process has been developed
and rolled out across the organization. “5” (Optimizing)  the highest level of maturity  describes that
the best practice process has been rolled out across
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the organization and is being used on every applicable project. Project managers understand the process
well, any problems that occur are resolved, and project feedback is provided on process improvement.
In addition, the process has been optimized based
on the project feedback and knowledge of industry
best practices [14].
It is worth to underline that according to the
Deloitte’s report, overall result of the level of the
construction project management maturity in Poland
is 3,50. The indicator is calculated as a weighted
average of values (namely, maturity levels from 1
to 5) scaled by their importance (percentage of respondents selecting proper answer). Moreover,
the indicator value of 3,50 implies that researched
companies rate their project management maturity
between “Perfecting” and “Accomplished” (explained earlier).
What is more interesting, maturity indicators differ
from each other if we consider different revenue
2010 levels of the companies. While for a total revenue 2010 lower than 500 million zlotys (PLN),
a maturity indicator is more or less the same (3,43,
up to 150 million zlotys, and 3,44, from 150 to 500
million zlotys), for a total revenue 2010 over 500
million zlotys, a maturity indicator raises to 3,80.

The most significant discovery is that the surveyed
companies seems to be perfectly conditioned to deal
with their projects and, therefore, displays the highest degree of maturity in terms of the Project Safety
Management area. While three other areas, Project
Quality Management, Project Procurement Management and Project Financial Management, are also
featured by high level of maturity achieved by the
construction companies (92% and more respondents
selected at least “Perfecting” level), those companies
consider themselves less capable to deal with “Project Communication Management”  24% respondents marked Initial or Evolving level of maturity.
The most reasonable conclusion of the survey results
might be that companies try harder to develop their
capabilities in terms of those areas that are officially
introduced into law regulations. Occupational safety
and health regulations, public procurement law,
standardization like in particular quality standards
(e.g., ISO) or some accounting regulations make
companies improve their current practice (procedures, behavior, etc.), and at the same time, it gives
them an opportunity to develop their maturity
in these areas.

Maturity level for thirteen project management knowledge areas according to surveyed companies
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8,0
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3,0
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Figure 5. Maturity levels for 13 project management knowledge areas according to 39 polish construction
companies (A, Project Integration Management; B, Project Scope Management; C, Project Time Management; D, Project Cost Management; E, Project Quality Management; F, Project Human Resource Management; G, Project Communication Management; H, Project Risk Management; I, Project Procurement
Management; J, Project Environmental Management; K, Project Financial Management; L, Project Safety
Management; M, Project Claim Management; N, Construction Project Management, overall scores),
(source: own elaboration based on [14])
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Project maturity  is it really possible?

Literature review [15] recalls an explanation of the
project maturity origins. A predecessor of this concept was process maturity created by Total Quality
Management movement. A need for process maturity
resulted from the efforts to reduce variability in the
process and to improve its mean performance.
Since project management became popular and some
PM methodologies were created and introduced into
public, companies have been trying to understand
their capabilities in project management and improve
their procedures in accordance with the strategy
and economic objectives.
Large-scale construction projects, such as skyscrapers, hub airports, and rail networks involve complex
interfaces, varieties of stakeholders, and integration
of materials and technologies, which incur uncertainties and associated risks. It has always been critically
important and challenging for major stakeholders,
such as clients and construction contractors to successfully manage the risk in those projects. Largescale construction projects are practically always
connected with risk factors that generally lead
to adverse impacts and costly consequences in project management [13].
First, it is worth to notice that there is a difference
between price risk (mainly connected with commodity [16] and arising out of adverse movements in the
world prices, exchange rates, and etc.) and cost risk
that has some technological and organizational origins.
There are many definitions of cost risk that can be
associated with a probability of loss owing to cost
overrun [17]. Investigation of this phenomenon and
the factors affecting cost overruns for the construction projects has attracted the interest of many researchers and practitioners [11]. That is why this
problem is taken seriously more and more often.
Although contemporary science knows basic principles of cost risk, there is still a necessity of searching
for better solutions and more accurate methods
of mitigating that kind of risk.
And what if there is no cost overrun as a consequence of, for example, cost underestimation but just
the opposite? What if a plan was too pessimistic
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and real cost was lower than previously estimated?
There is no loss (from one point of view, it might be
a brilliant information) but still something goes
wrong when cost estimation fails. No matter if it is
underestimation or overestimation, it is always connected with poor project planning. More precisely,
cost risk is the risk associated with the ability of the
project to achieve the planned life-cycle costs. Thus,
cost risk includes both design/construction and operating costs. John P. Kindinger and John L. Darby
noticed that there are two major elements of cost
risk: the accuracy and completeness of the cost estimates for the planned activities and the risk that cost
performance will be affected adversely by a failure
to manage technical risks, namely, those events
or issues associated with the scope definition, research and development (R&D), design, construction, and operation that could affect the actual level
of performance versus that specified in the project
mission need and performance requirements documents [18].
Apart from price risk and cost risk, it is significant to
specify variety of risk factors in construction projects. There are more crucial like time-related risks
[19, 20, 21, and 22], quality-related risks [19, 22],
environment-related risks [19, 22], safety-related
risks [19, 22, and 23], design drawing errors [19, 22],
natural hazards [19, 22], and many others. In the
following part of the article, some issues connected
with human resource management and an impact
of Generation Y on project maturity will be discussed.
4

Generation Y  chance or pitfall

Generation gap between employees has been wellknown problem for ages [24]. But in the early 2000s,
a brand new group of employees called Millennials
(Millennial Generation, also known as Generation Y)
became active on the labor market. This term was
created in order to describe a group of people born
from the early 1980s to the early 2000s. While those
dates are rather approximate, the phrase Generation
Y first appeared in an August 1993 Ad Age editorial
to describe teenagers of the day, which they defined
as different from Generation X, and then aged 11
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or younger as well as the teenagers of the upcoming
10 years [25].
Since then, a phenomenon of Generation Y has attracted many sociologists and scientists carrying
some research on the current problem connected
with a suitability of the new group of employees
in the organization.
“Demography,
not technology is creating the future” [26]
According to some previous papers [24], it was revealed that project management is a convenient form
of achieving business targets for the Millennials.
Moreover, they are keen on being participants of the
projects. Because a specificity of the construction
industry enables to organize tasks to be like projects,
management through projects can become a method
of enterprise management. This may be used to profit from skills of the new generation.
Before superiors will be able to effectively manage
Generation Y employees, they should first understand what Millennials are looking for in employment. They are not only at a different life stage
to most managers, but they have been raised
and educated in a unique environment, resulting in
different job attitudes, working styles, and expectations of leaders. In particular, Generation Ys do not
seek jobs as much as they seek opportunities  they
recognize that work constitutes a major chunk
of their life and, as such, should be as fulfilling
as possible. In the current labor market, if the work is
not living up to Generation Y’s expectations, they
can quickly and easily move on to bigger and better
opportunities [26].
Some professionals maintain that Generation Y is
not always an opportunity for the organization
to build its competitive advantage but also a kind
of challenge. Millennials have been spoiled by their
parents, so probably they would feel appreciated
if they were often rewarded for their efforts by employers [24, 27].
Moreover, it is significant to employ the best candidates, to manage them, and to retain successfully
the most valuable Generation Y employees. To do
so, managers should understand a sociological background affecting employees’ behavior and then they
should learn how to promote and foster some im-

portant opportunities (e.g., professional growth
and development, work-life balance, variety, social
interaction, responsibility and input, reward and
recognition) in all aspects of the employee life cycle
[26]. All in all, Generation Y brings different values
and attitudes to the workplace than some previous
generations. However, these values and attitudes
have their advantages and disadvantages.
In order for organizations to survive in the turbulent
circumstances and remain competitive with this ever
changing (and shrinking) workforce, they must adapt
their people management practices to meet the needs
of the up-and-coming generation of workers.
Fighting this change will only make your business
less competitive in the long term [26].
As a matter of fact, project managers in construction
industry should adapt to new constraints by choosing
a right way to change the organization. There are two
different ways to adopt Generation Y employees into
the company and profit from their skills and ability
of working in projects, namely, evolutionary
and revolutionary [24]. First attitude takes into account a present organizational culture and other values. On the other hand, the second one requires
a deep reconstruction of the organization. In this
case, skills of the Generation Y become a critical
success factor for the company.
5

Toward project maturity

A recent survey was conducted by the author in 2013
among 18 foreign construction companies. The sample was established after having sent an online questionnaire to 60 construction companies from abroad.
All respondents were experienced in construction
management and were responsible for that in their
companies. As a result, it was discovered that none
of the companies were a micro or small enterprise.
Majority of them were described as large enterprises
employing 250–999 employees.
It is significant that 66% of the surveyed companies
operated on the international market. Besides, respondents admitted that their business coverage can
be described as regional (17%) or country scale
(17%). Among the companies that participated in the
survey, none of them was present on the local or
global market.
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Figure 6. Sample structure  size of the foreign construction companies
(source: own elaboration)
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Figure 7. Sample structure  coverage of the foreign construction companies
(source: own elaboration)
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Majority of the foreign construction companies answered that their main business activity area is construction of the roads.
Detailed results of the survey were presented in
Fig. 6–7.
Fig. 9 presents types of organizational structure implemented by surveyed companies. While 33% respondents maintain their company’s functional
organizational structure, the same number of them
answered that there is a project organizational structure what can be a clear evidence for a higher project
managers’ awareness to create right conditions

17%

for project management. Furthermore, a project organizational structure that was perceived in one-third
of surveyed companies can prove that they are more
project matured than the others.
Fig. 10 brings a set of quite interesting remarks. Only 17% of respondents answered that their company
has no official certified management system.
The rest of the possible choices could be multiple,
so 50% of the surveyed companies have both ISO
9000 and ISO 14 000 management systems. Majority
of the companies are equipped with some project
management software (Fig. 11).

33%

Functional
Matrix
Project
Mixed

33%
17%

Figure 9. Types of organizational structure implemented by surveyed companies
(source: own elaboration)

50%
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

ISO 9 000
Multiple choices possible 50%

ISO 14 000 ISO 18 000

50%

33%

None

17%

Other

17%

Figure 10. Sample structure  which certified management systems were implemented
in the surveyed companies (multiple choices possible)
(source: own elaboration)

Maturity of Project Management in Polish and Foreign Construction Companies

79

33%
Yes
No

67%

Figure 11. Sample structure  if company uses some of the project management software
(source: own elaboration)

0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00

Project maturity

Project scope
0,54

Project
schedule
0,43

Project
budget (cost)
0,70

Quality
requirements
0,54

Figure 12. Project maturity of the surveyed construction companies according to the respondents
(source: own elaboration)

In Fig. 12, the results of the project maturity calculation based on received answers and represented
by four different areas of the project management are
shown. Organizations that decided to participate
in the survey were requested to indicate an average
probability of planned four main factors (project
scope, project schedule, project budget, and quality
requirements) of the construction investment projects
that have been executed by them.
The concept of project maturity was created as
a weighted average of values (namely, an average
probability of planned factors: 0.00–0.20, 0.21–0.40,
0.41–0.60, 0.61–0.80, and 0.81–1.00) scaled by their
importance (number of respondents selecting proper
answer). Moreover, the indicator value of 1,0 implies
that researched companies rate their project management maturity as perfect (fully matured organization), whereas 0,0 means an organization is not pro-

project mature at all. Furthermore, there are three
ranges of the indicator that classify three levels
of project maturity: 0,00–0,33 is low level of project
maturity; 0,33-0,66 medium level of project maturity; and 0,66-1,00 high level of project maturity.
Moreover, according to the survey, an overall score
of project maturity among foreign construction companies was calculated as 0,55 (medium)
In Fig. 13, a perception (subjective interpretation)
of respondents about project maturity of construction
companies was presented. Majority of respondents
maintained that their companies are quite matured
(medium level) or matured (high level) in project
management. Only 17% of respondents answered
that their companies are rather less experienced
in project management and, therefore, a project maturity level should be estimated as low.
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17%
33%
High level

17%

Medium level
Low level

33%

It is hard to say

Figure 13. A perception about project maturity of the surveyed enterprises
(source: own elaboration)

For the rest of them, the answer was quite difficult
or a concept of project maturity was a little bit enigmatic. It is valuable to underline that a perception
of respondents was given in accordance with a quantitative estimation of project maturity of the construction companies.
6

Conclusion

According to the results of surveys presented in the
article, it was revealed that both Polish and foreign

companies appreciate the value of project management. They see an importance of the continuous
improvement of project management capabilities.
On the basis of some previous findings about project
maturity, there is no doubt construction companies
should try to improve their ability to manage projects. A need for improving the performance
and perfecting the risk management can be a reason
for creating a five-step model of continuous improvement of project maturity (Fig. 14).

5. Project
maturity
4. Maturity
evaluation

3. Maturity
measurement

1. Planning
ability

2. Project
management

Figure 14. Cycle diagram  a five-step model of continuous improvement of project maturity
(source: own work)
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It might be a solution for the companies to engage
them into a constant pursuit of maturity. Indeed, it is
a pursuit because as it was described earlier fully
matured organization is just a theoretical concept.
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CANONICAL CORRELATION ANALYSIS BETWEEN SUPPLY CHAIN
QUALITY MANAGEMENT AND COMPETITIVE ADVANTAGES
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Abstract: Competitive environment of today’s organizations, more than ever, is extensive, and the major concern for managers is to preserve and promote the sustainable competitive advantage. Companies
have an obligation to improve their product quality and have extensive and close cooperation with other
companies involved in the supply chain of products. Supply chain quality management (SCQM)
is a systematic approach to improve the performance that integrates supply chain partners and uses the
opportunity in the best way, establish linkages between upstream and downstream flows, and investigate on creating value and satisfaction of intermediaries and final customers. Furthermore, achieving
competitive advantages enables an organization to create a remarkable position in market and differentiate itself from competitors. This paper aims to understand the relationships between SCQM and competitive advantage. Sixty-eight experts of 25 companies in Sahami Alyaf (SA) supply chain has been
participated in this research. The research method used for this article is descriptive correlation. To assess the relationships between the criteria, canonical correlation analysis was used. The result shows
that the SCQM and competitive advantages have a meaningful relationship. It also shows that most important variable in the linear combination of SCQM and competitive advantages are “customer focus
and quality,” respectively.
Keywords: supply chain quality management, competitive advantage, canonical correlation analysis.

1

Introduction

As competition moves beyond a single firm into
the supply chain, focus is shifting from management
of internal practices alone. Instead, quality managers
must integrate their firms’ practices with those
of customers and suppliers. In the other hand, competition in the 1990s increased and markets became
global, so it causes the new challenges: getting
a product and service to the right place at the right
time at the lowest cost.
Organizations start to understand that it is not
enough to improve efficiencies within an organization but whole members in supply chain should make
competitive (Zang et al.2013, Flynn and Flynn,
2005; Robinson and Malhotra, 2005). Findings
of researchers indicate that supply chains have the
opportunity to competing in a global market
to achieve competitive advantages (Kim and Mokhashi, 2011). Meanwhile, the attention to supply
chain has been extended and quality concepts has
been added to the literature; the importance of quali-

ty management makes researchers to focus more
on quality management issues within the internal
and external supply chain contexts (Crumbly,2015,
Zang, 2013, Fish, 2011, Safari and Mohebi-Manesh,
2011). Supply chain quality management (SCQM)
is the interdisciplinary field that links quality management (QM) to supply chain management (SCM).
Su and Li (2011) presented a brief and comprehensive description: “SCQM is the effective integration
of supply chain’s internal QM activities.”
As global markets evolve, supply chain managers are
faced with many new challenges, as traditional approaches to managing supply chains will be ineffective. The integration of QM principles helps manager
to broaden the perspective of SCM from its traditional narrow focus on the strategic importance
of SCM and achieve competitive advantage (Wong
and Karina, 2009, Flyn and Flyn, 2005).
Accordingly, in this paper, we attempt to explore
how SCQM and competitive advantage related
to each other. The next section will review the related literature. The third part states the conceptual
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model. In part four, we describe our research method. Finding follows on part five and final section
contains the conclusions and further recommendations.
2

Background

Although there are many definitions of quality, however, the best definition may be observed at the study
of Evan and Lindsey (2002). Quality means to exceed customer expectations. QM is an interdisciplinary task of industries and organizations. Its purpose
is to control complex processes in dynamic environments. This means that the QM helps the decisionmaking process at all levels of the organization, both
at the micro- and macro-level (Yeung, 2008).
In today's economy, the competition is not among
businesses but among supply chains. SCQM is an
approach that seeks to integrate suppliers, manufacturers, distributors, and retailers, so that the product
is produced in a right way and distributed in the right
place, at right time, and with minimal cost and provides customer satisfaction (Simchi-Levi et al.,
2008). Supply chain members need to learn to integrate with each other and grow and do the functional
roles in the supply chain level continuously and
smoothly. This thinking led to the development
of SCQM. SCQM is a systematic approach to improve the performance that integrates supply chain
partners and uses the opportunity in the best way,
establish linkages between upstream and downstream flows, and investigate on creating value
and satisfaction of intermediaries and final customers
(Foster, 2008; Robinson and Malhotra, 2005).
The main processes of the supply chain are product
design, production, delivery, supporting, and supplier relationships with customer. To succeed in today's
world, managers need to integrate their goals with
dynamic and global economy and think about final
consumers, and this is the unique thought that is
followed by QM and total quality management at the
ideal level (Fish, 2011). Stiller et al. (2014) studied
the QM in different parts of the supply chain such as
supply chain design, demand planning, scheduling
procedures and procurement, inventory management
and control, and supply chain planning and control.
QM plays an important role in many processes of the

supply chain design such as supplier identification,
selection of suitable locations for production, supply
chain demand planning, and taking the right decisions about operations that have been mentioned
in the literature (Brauner et al., 2013; Fish, 2011;
Schmitt and Beaujean, 2010; Monczka et al., 2009).
Also the role of QM is obvious in procedures planning and supply chain inventory control. In studies,
analyzes of ABC/XYZ that have pursued the sourcing policies and have considered timely delivery
are noted and also the quality of inventory control
is emphasized (Benestin, 2011; Murphy, 2010; Lee
et al., 2009). Also supply chain and customer relationship management has been studied from the perspective of QM. In this discussion, customer is not
only the final customer, but with a view of the process, each member of the supply chain is a customer
for another member and win–win relationships
should have been established between partners
and move toward the goals of the supply chain (Fish,
2011; Foster and Ogden, 2008; Flynn and Flynn,
2005).
For almost two decades, researchers have focused
on identifying factors influencing the SCQM.
By reviewing the studies, indexes and constituent
dimensions of SCQM are stated as follows (Safari
and Mohebbi Manesh, 2011):
 Customer Focus: customer-oriented or focusing
on the customer emphasizes the mechanisms
and infrastructures for communication with the
customer, managers also need to know the needs
of customers and the results of their satisfaction
(Azar, 2010, Kuei et al. 2008; Kaynak and Hartley, 2008).
 Supplier Quality Management: Accordingly, supplier must be chosen based on the specific criteria, and comprehensive system should exist
for evaluating and ranking them (Fish, 2011,
Azar, 2010; Kaynak and Hartley, 2007).
 Quality Leadership: This item points the managers’ commitment and support. Quality leadership
focuses on the efforts of senior executives to what
extent they can implement the unit quality policy
in the supply chain (Azar, 2010, Chang, 2009;
Kuei et al., 2008; Robinson and Malhotra, 2005).

Canonical Correlation Analysis between Supply Chain Quality Management and Competitive Advantages

 Supply Chain Quality Strategies: Accordingly,
there is a need to exist alignment between any organization’s strategies and the other members
of the supply chain, and strategies have been developed and reviewed with the cooperation
of other members of the chain (Azar, 2010;
Chang, 2009; Kuei et al., 2008).
 Process Approach: Accordingly, process approach should be considered at all steps of the
supply chain and all steps of the organization
(Azar, 2010; Lee et al., 2009).
 Supply Chain Information Systems: This item
refers to the use of systems and technologies
in the field of supply chain information
and communication and information systems’ capability of documenting and reporting regularly
and timely (Kuei et al., 2008; Feldmann and Müller, 2003).
 Human Resource Development: Accordingly,
there is need to emphasize to form teams to solve
the supply chain quality problems and infrastructure of QM in supply chain level (Azar, 2010;
Chang, 2009; Kuei et al., 2008).
From the perspective of researchers, organizations
will be able to create synergy with SCQM and simultaneously increase the supply chain performance
and the quality of final products to customers.
This practice will lead the supply chain to the competitive advantage.
As mentioned earlier, today, competition is among
supply chains; from the perspective of researchers,
competitive advantage is the features and capabilities
that enable an organization to maintain or improve
its competitive position. The organization provides
this situation by value creation for customers, reduces costs, and provides better service to distinguish its
performance of the other competitors (Sukati et al.,
2012; Thatte, 2007). All members of the supply
chain are integrated together, and all this process
causes that supply chain distinct from others and in
fact makes it close to gain competitive advantage.
Several researchers have examined the relationship
between supply chain and competitive advantage
and have provided satisfactory results (Crumbly,
2015; Singh et al., 2014; Sukati et al., 2012; Thatte,
2007; Lee et al., 2009).
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As already mentioned, competitive advantage comprises capabilities that allow an organization to differentiate itself from its competitors; the empirical
literature identifies the elements of competitive advantages in five factors: price/cost, quality, delivery
dependability (Li et al.; Davis et al, 2004; Tracy
et al., 1999, Vickery et al., 1999), product innovation
(Li et al., 2006; Koufteros et al., 1997; Kessler and
Chakrabart, 1996), and time to market (Li et al.,
2006; Rondeau et al., 2000; Handfield and Pannesi
1995, Zhang, 2001). Accordingly, we present our
conceptual model and methodology in next part.
3

Proposed method

This conceptual model is composed of two types
of variables: SCQM and competitive advantage as
shown in Fig. 1.
The method we choose for our research is stronger
than correlation analysis and regression analysis.
Canonical correlation analysis (CCA) is the most
common method of multivariate analysis that aims
to determine the linear relationship between the multidimensional variables. The advantage of this approach is interpreting the relationship between
the two variables, and it is a tool to reduce the size
of the computational data. CCA also has some advantages in comparison to the multivariate regression
analysis. While multivariate regression analysis calculates in the conditions in which only one dependent variable exists, CCA exceed a step further
of multivariate regression analysis by adopting several dependent variables. The advantages of this
method compared to the ordinary correlation analysis
are that canonical method is dependent on the coordinate system in which it is defined. The method
follows the coordinate system that has optimal level
of correlation (Keshin and Yasser, 2007; LeClere,
2006; Nash and Chaloud, 2002).
Accordingly, to examine the relationship between
SCQM and competitive advantage, CCA method is
used.
The next part shows the result of our test with CCA
method to explore the relationship between SCQM
and competitive advantage.
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Figure 1. Research conceptual model

4

Numerical example

The population of the study consists of experts of 25
companies participated in Sahami Alyaf (SA) supply
chain. These companies are responsible for raw materials in Sahami Alyaf Company, and their managers and experts have been chosen as statistical
population and their comments were used as corporate data.Owing to the limited statistical population,
for determination of sample size, some managers
and experts of each of the 25 companies participated
in SA supply chain are selected, and questionnaire
was distributed among them. So, for each company,
three or four of the questionnaires was provided
to managers and experts in the field of supply chain
and 96 questionnaires were distributed among
the company's supply chain Managers totally.
Among 25 companies, two companies did not respond to the questionnaire, and the of 96 questionnaires distributed, 68 questionnaires were returned
with a return rate of approximately 71% that is
a relatively high rate of return. From this data, the
data for the 23 companies were extracted. So that
managers’ ideas at each company (on an average 2.9
per company) were combined and corporate data
about the research variables were determined. Ques-

tionnaire were extracted by using Li et al. (2006)
and Kaynak and Hartley (2008) methods.
Reliability of questionnaire was assessed by Cronbach's alpha and that Cronbach's alpha values of all
variables and their dimensions were greater than 7.0.
Following results were obtained by using “Statistica”
software.
Table 1 shows the output results of Statistica software. The table shows the variance values of SCQM
and competitive advantage. As follows from the
table, the presence of seven variables on the left and
fived variables to the right, we're going to have five
canonical variables (Table 1).
Canonical correlation expressed in the row above
Table 1 shows the correlation coefficient of the first
and the biggest canonical correlation that is equal
to 89%. Chi square and P-Value in the lower row
shows the approved model. As the value of P is 0.01
and this amount is less than 0.05, so the results are
meaningful. The first level states that the canonicals
roots can cover 100% of competitive advantage variance and more than 84% of SCQM variance.

Canonical Correlation Analysis between Supply Chain Quality Management and Competitive Advantages
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Table 1. CCA summary
Canonical R: 0.89,
Chi2 (35) = 57, p = 0.01
N = 23

Supply Chain quality Management

Number of variables

Competitive advantage

7

5

Variance extracted

84.64%

100%

Total redundancy

58.33%

58.86%

Variables
1

Customer focus

Price/cost

2

Supplier quality management

Quality

3

Supply chain management leadership

Delivery dependability

4

Supply chain quality strategies

Product innovation

5

Process approach

Time to market

6
7

Supply chain information systems
Human recourse development

Table 2. The results Chi-square
Root
Removed

Canonical R

Canonical R2

Chi-square

df

P

Lambda
Prime

1

0.899447

0.809060

57.21526

35

0.010347

0.024939

2

0.850712

0.723711

31.55047

24

0.138662

0.130613

3

0.676362

0.457465

11.61270

15

0.708058

0.472742

4

0.295286

0.087194

2.13440

8

0.976607

0.871357

5

0.213093

0.045408

0.72031

3

0.868416

0.954592

The numbers in second row show that the SCQM
could predict 58.3% of the variance of the competitive advantages and the competitive advantages
could predict 58.86% of the variance of the SCQM.
In Table 2, the canonical correlation coefficients are
shown. The second factor is the square of the correlation coefficients that is equal to the amount of eigenvalues. The P-value in the fifth column shows
that if the value is above 0.05, the canonical variables cannot be analyzed. In this analysis, only the
first canonical variable can be analyzed.

Table 3 indicates the results of correlation relationship between left and right variables.
According to Table 3, the result shows that all of the
subcriteria in SCQM and competitive advantages
have a positive relation to each other. The average
correlation between variables is 0.521.
Therefore, 31% of subcriteria have the strong relationship with each other (more than 0.6).
In addition, the result indicates that the third subcriteria of SCQM (supply chain quality strategies)
have the most meaningful relation to production
innovation.
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Table 3. Correlation between variables
Price/cost

Quality

Delivery
dependability

Product
innovation

Time
to market

Customer focus

0.337771

0.544395

0.506738

0.392786

0.19845

Supplier quality management

0.350460

0.462365

0.629974

0.500286

0.35676

Supply chain management
leadership

0.422008

0.389944

0.701408

0.486554

.537234

Supply chain quality strategies

0.461604

0.756677

0.752092

0.583981

0.25985

Process approach

0.548473

0.688090

0.659407

0.583740

0.15204

Supply chain information systems

0.333018

0.708139

0.749269

0.584666

0.27458

Human recourse development

0.655876

0.596418

0.619850

0.647577

0.50910

Table 4. The comparison between the most and the least relationship between criteria
Sub-criteria

SCQM

Competitive
advantages

The most meaningful
relation

The least meaningful
relation

Customer focus

Quality

Time to market

Supplier quality
management

Dependable delivery

Price/cost

Supply chain
management leadership

Dependable delivery

Quality

Supply chain quality
strategies

Quality

Time to market

Process approach

Quality

Time to market

Supply chain information
systems

Dependable delivery

Time to market

Human recourse
development

Product innovation

Time to market

Price/cost

Human resource
development

Supply chain information
system

Quality

Supply chain quality
strategies

SCM leadership

Dependable delivery

Customer focus

SC quality strategies

Product innovation

Human resource
development

Customer focus

Time to market

SCM leadership

Process approach

Canonical Correlation Analysis between Supply Chain Quality Management and Competitive Advantages

The least relationship is for process approach
and price.
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Canonical weights represents the importance and the
magnitude of each main variables in the linear combination (or canonical variable) of total variables.

Table 4 shows the most and the least correlation
for each subcriteria.

Given that the most important variable is the first
canonical variable, focus solely on the analysis
of this column. Accordingly, the most important sub
criterion in the linear combination of SCQM
(or canonical variable) is “supplier quality management”. Also, the main sub criterion in the linear
combination of competitive advantage is “quality”.

Regarding to Table 4, the last subcriteria of competitive advantages (time to market) has the least
relationship is with subcriteria of SCQM. Therefore,
it seems for this item that SCQM subcriteria were
not the suitable.
In Table 5, canonical weights of the left variables
(supply chain quality management) and canonical
weights of the right variables for root 1 (competitive
advantage) are shown.

Accordingly, the most important variable in the linear combination of SCQM (or canonical variable) is
“customer focus”.
Also, the main variable in the linear combination
of competitive advantage is “quality”.

Table 5. The canonical weight for sub-criteria of SCQM
and competitive advantages (Root 1)
Criteria

SCQM

Competitive
Advantages

5

Sub-Criteria

Canonical Weight

Customer focus

0.039

Supplier quality management

0.184

Supply chain management leadership

-0.470

Supply chain quality strategies

-0.214

Process approach

-0.152

Supply chain information systems

0.096

Human recourse development

-0.594

Price/cost

-0.43

Quality

0.140

Dependable delivery

-0.481

Production innovation

-0.274

Time to market

-0.291

Concluding remarks

SCQM has become an essential prerequisite for staying competitive in the global market and enhancing
the competitive advantages (Crumbly, 2015).
In the past decade, companies have begun to recog-

nize the need for continual quality improvement and
meeting the needs of customers. Additionally,
they make notice of the essential of competing
quickly and efficiently in ever-changing global markets. As a result, SCM has been seen as a philosophy
by which firms can operate interorganizationally
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and merge strategic with upstream and downstream
flows that leads to excellence of business. Traditional quality programs focusing on approaches need
to integrate with supply chain perspective that helps
managers to meet the customer requirement
and achieve competitive advantages. Accordingly
the concept of SCQM has received increasing attention from academicians and professional recently.
In this paper, we use the canonical correlation analysis to assess the relationship between SCQM
and competitive advantages in SA supply chain.
The 68 experts of 25 companies in SA supply chain
has been participated in this research. The result
shows that there is a meaningful relationship between SCQM and competitive advantages and they
could cover around 50% variance of each other.
It also indicates that the subcriteria of SCQM is
mostly related to dependable delivery and quality.
In addition, there is no meaningful relationship between SCQM subcriteria and time to market. Finally,
the findings claim that the most important variable
in the linear combination of SCQM and a competitive advantage is “customer focus” and “quality”
respectively. One of the interesting results was the
relationship between subcriteria of SCQM and competitive advantages that give the researcher this opportunity to study on this field more.
6
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Abstract: This article presents a synthesis of knowledge about safety management procedures for critical infrastructure in the context of risk management theory and the provisions of the Polish law on
emergency management launched on of April 26, 2007. In this paper, the inadequacy of the accepted
procedures at present is highlighted, as well as their continuous improvement and adaptation to prevailing political, legal, social, and economic conditions. This paper proposes using the concept of situational management and knowledge management to develop a new method of predicting, preventing,
and responding to emerging crises within critical infrastructure. The considerations presented in this
paper lead to a proposed concept system supporting critical infrastructure safety management through
the implementation of knowledge management methods.
Keywords: situational management, knowledge management, critical infrastructure, safety management, artificial intelligence, base of cases, domino effect, Case Based Reasoning.

1

Introduction

Critical Infrastructure (CI) [24] is the basis for the
smooth functioning of the state and its population.
Due to the importance of societal CI, it is naturally
a priority in the process of ensuring public safety
to maintain a predetermined level of service availability, which is dependent on the efficiency of CI
objects and CI systems, and to also continuously
improve crisis management procedures.
The achievement of this goal depends on comprehensive hazard identification, risk analysis, implementation of preventive actions against threats, and
remedial actions against incidents, crises, and disasters. The appropriate response to an incident requires
an estimation of the value of the risk and knowledge
of the effectiveness of the activity undertaken
to avert the crisis. This is related to the issue of gathering, organizing, and processing knowledge of past
events in order to improve emergency response
skills.
The process of documenting threats, as well as the
crises that are the consequence of these threats, cannot be effectively implemented without support tools
and the monitoring and analysis of the situation of CI
objects. This article attempts to answer the question:
how effectively is CI managed in emergencies?

The proposed approach is the result of work carried
out within the framework of a development project,
National Centre for Research and Development
(NCR&D), or “Methodology of risk assessment
for the purpose of crisis management systems
in the Republic of Poland,” agreement number
DOBR/0077/R/ID3/2013/03, on the implementation
of projects in the field of research and development
for national defense and state security by a consortium of the University of National Defense, Scientific
and Research Centre for Fire Protection, Warsaw
University of Technology (Faculty of Management),
Main School of Fire, and Medcore Ltd.
2

The current system of critical
infrastructure management in Poland

Critical infrastructure in Poland is defined as systems
and their constituent functionally interconnected
objects, equipment, installations, and services essential for the security of the state and its citizens, which
have to ensure the efficient functioning of public
administration, institutions, and businesses. The Crisis Management Act is divided into 11 CI systems,
while the European Union Civil Protection Mechanism, to which Polish legislation must be adapted, is
divided into 12 systems.
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This is interesting, because it points out the need
to build an open management methodology for CI.
In the Polish regulations, CI objects are identified
based on the following criteria [24]:
 systemic: characterized by the quantitative or
subjective parameters (functions) of the object,
device, system, or service, the fulfillment of this
criterion would lead to it being designated a CI
object,
 cross-cutting: describing the parameters relating
to the consequences of the destruction or cessation of operation of the object equipment, installation, or service, including financial implications, the need to evacuate, recovery time,
uniqueness, and casualties.
In accordance with the provisions of the National
Critical Infrastructure Protection Program (NCIPP)
along with the development of methods and tools
for CI management, ultimately the only determinants
of identifying elements of CI are those that fulfil
the cross-cutting criterion [18]. This criterion can
also be used as a target against which the activities
under CI management should be carried out,
for example, minimization of casualties or minimization of the cost of rebuilding the CI objects.
The current CI management model is based on the
Report a Threat to National Security (RTNS) process. According to the Crisis Management Act,
the task of drawing up such reports falls to ministries, central agencies, and provincial governors.
This process may or may not include counties
and municipalities. This fact makes it difficult
to collect reliable data on the hazards present at the
various administrative levels. The RTNS development coordinator is the Government Centre for Security (GCS), which, based on reports delivered, draws
up a summary report, outlines the conclusions of this
report and forms the National Crisis Management
Plan (NCMP). These documents are then submitted
to the Council of Ministers, which adopts them in the
form of a resolution. The conclusions of the collective RTNS and NCMP are the basis for the Emergency Management Plans at the levels of province,
district, and municipality. The preparation of plans is

obligatory at all levels. Under the current CI management methods, the NCIPP is also created, defining the tasks and responsibilities for the protection
of CI objects. NCIPP is reviewed and adopted every
few years, and the current program is in force from
2013 until 2019. Figure 1 shows the current model
of CI security management.
The main disadvantage of the current methods of CI
management is that the documents produced define
the tasks, deadlines, and persons/entities responsible
for implementation, but do not indicate the methods
that individual participants in the process should use.
It leads to the formation of methodological
and qualitative differences in the developed documents, which hinders their integration at an administrative level and then aggregation between the levels.
An example of the current mechanism of CI management can be seen in an incident in Krakow, which
took place on May 19, 2015. The incident was attended by 20 vehicles and 15 people were injured, 10
of whom required hospitalization [27]. The person
receiving notification of the incident decided to send
an air ambulance, based on the number of victims
and damaged vehicles and without waiting for information from the ground rescue team.
In this case, the decision to use the CI rescue system
component resulted in saving the life of one of the
victims. The person coordinating the action took
a decision based on his or her own experience
and knowledge of similar cases in the past. Quick
access to such data may result in the acceleration
of decision making in crisis situations and could be
used to verify the proposed action. However, it must
be part of a structured system, so that the effectiveness of decisions taken in times of danger or crisis is
not only dependent on the knowledge, experience,
and mastery of an individual.
To sum up, the current system of crisis management
of CI objects allows very wide-ranging discretion
to apply methods to identify risks and develop plans
to protect the CI objects. Because of the interdisciplinary nature of CI systems, developing CI safety
management methods that are effective for each
system is very difficult.
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Figure 1. Diagram of the current model of safety management of CI objects
(Source: own analysis based on [24; 18])

Instead of one universal model of conduct within the
framework of CI safety management, it is advisable
to develop a set of model solutions for individual CI
systems. Currently, the effectiveness of actions taken
in CI safety management mainly depends on the
knowledge, experience, and control of individual
people. The aim should be a state in which the effectiveness of CI safety management results from ac-

cepted models of conduct and are not solely dependent on an individual. A theoretical basis for the construction of a new CI method of security
management could be a situational management
concept.
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Critical infrastructure management
systems and a situational approach

The preparation of answers to the question formulated in the paper’s introduction, about CI effective
management, used the analogy of a CI management
safety process and a risk management process in an
organization. In practice, a risk management process
is concerned with the diagnosis and control of an
object, and has the goals of providing international
stability and creating conditions for continuing
growth [5, 15, and 26].
Teams dealing with risk in companies use different
methods of hazard identification and risk analysis,
for example, as recommended by the ISO31000
norm: event trees, bow-ties and risk registers based
on the experience of team members and their expertise. The use of the concept of knowledge management in the CI safety management process requires
an answer to the question as to how to collect, process, and use information resources about threats
to CI objects. Due to the diverse problems in this
area, it is extremely difficult, or even impossible, to
develop a universal mechanism for these processes.
An alternative is to assume that each type of CI object, which is in the system of CI reactors, is unique
and requires unique situational management methods, appropriate to the situation. This view is confirmed by Hamrol [8, p. 68], and it should be said
that organizations are complex systems with unlimited collections of internal and external feedback.
Therefore, there are no identical situations in which
the known standard solutions can be directly applied.
Only an examination of a specific situation gives us
the possibility of selecting adequate models and allows us to specify their one-time effectiveness.
The context of situational management concepts
should be understood as a set of characteristics,
an objective function, and a set of actions. A set
of situational characteristics allows us to identify,
classify, and compare with other observed situations.
The objective function determines the direction
of the aspirations and conditions of achievement,
and the set of actions specifies the manner of its implementation.
Instead of universal management methods, in situational topics, it is assumed that [16; 10, pp. 24-25]

a systems approach is the appropriate way to formulate general principles and that the situational approach is guided by the rule that every organization
is unique and hence requires that, in managing processes, its resources also have situationally unique
characteristics, which takes into account the relationship between situations, actions, and results
[25, p. 48].
In any case, it is advisable to develop sets of model
solutions at different levels and management in aspects of the organization. Model solutions are
a set of possibilities, from which the best for the
situation must be chosen. Developing a set of model
solutions requires using knowledge-gathering mechanisms [21]:
 identification of vulnerable objects,
 hazard identification,
 identifying connections between threats (e.g., the
domino effect),
 analysis of the causes of risk,
 vulnerability and the potential impact of the risk
 estimation of the impact of a crisis situation, individually and sequentially,
 data registration about the course of the crisis,
 data registration about the procedures and tools
used to resolve the crisis and restore the state
to before the occurrence of the crisis.
Thanks to the personal and/or institutional
knowledge of resources, the people responsible
for crisis management can recognize the symptoms
that announce the occurrence of a crisis and take
action that will allow them to avoid it or reduce its
effects. This proves that the implementation of the
principles of the situational approach requires the use
of methods and tools for knowledge management.
Knowledge management is a complex notion described, inter alia, by Mikula [17], including different perspectives in the definition: functional, process,
instrumental, and institutional. By synthesizing these
definitions, it can be said that knowledge management is the process by which an organization generates value on the basis of its intellectual resources
or the experiences of its organizational assets
[4, pp. 41-42].
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In the case of the CI process, safety management
procedures and models, which show how effectively
a goal is achieved, rely on proven concepts, good
practice, and applicable legislation. In this context,
it appears that, in the case of the specificity of CI
safety management, the resource model is the most
widely accepted [14, pp. 169–176; 19, p. 270], which
treats knowledge as a resource that is needed
and shared, but is also necessary to update during
the collection of experiences and gaining access
to methods and supporting tools.

These conditions are also often observed in the CI
safety management process.

One such method is the method of Case Based Reasoning (CBR), based on the observation of expert
reasoning. The expert searching for a solution
to a particular problem refers to experience (cases,
situations) from the past and models it to the present
action.

A threat is understood as the expected impact on the
object or between objects, as a result of which their
functional and structural characteristics can degrade.
Accordingly, the identification of hazards is the initiating act in activities related to a crisis management
process, which should take into account two aspects.
The first aspect is the identification of elementary
threats that affect the objects and, as a result of this
interaction, degrade the functional and structural
characteristics of the object, but this interaction does
not interfere with the functioning of other objects
remaining in relationship with the analyzed object.
The second aspect is the identification of complex
risks that affect a minimum of two objects and,
as a result of this interaction, degrade the functional
and structural characteristics of both objects.

The CBR method treats the case as a pair: the problem and its solution. Both the problem and the solution have characteristics, which can be described as
a set of data. The cases are independent, there are
no rules, and there are registered actual events
and specific situations, which may also be described
in the relevant set of data. In essence, CBR boils
down to saying that there is a possible solution to the
current problem in adapting solutions used in the
past for similar problems [23]. In the CBR method,
the following steps are performed in a cycle [1]:
 retrieve: the database of cases is searched, for the
case most similar to the current case,
 reuse: the way the previous case(s) were solved is
a potential solution to the new problem,
 revise: the known solution is applied to the current problem, with the possibility of modifying
the solution,
 retain: the problem with the applied solution is
stored as a new case.
The CBR method is recommended for use in:
 regular phenomena, which are predictable, executed again doing the same thing, in the same
or similar situations, leads to the same or similar
results,
 repeats of similar phenomena: small changes
in the present issues involve small changes in the
way of solving the problem.

4

Proposed changes to the system

The basis of the Polish CI safety management system
is to prepare emergency management plans at all
levels of state administration and local government.
Plans are developed to respond to the identified safety risks to CI elements and must take into account
the provisions of the applicable NCIPP.

The purpose of hazard identification is to prepare
actions that will quickly and efficiently eliminate
or minimize the possibility of the threat and, in the
case where the threat actually happens, eliminate the
effects of this emergency. An emergency situation is
defined as a range of variables and values of the
characteristics that affects anything considered
an element of the CI system, or the system as
a whole, and prevents it from functioning at the required level.
Studies conducted in the framework of the project
“Methodology of risk assessment for the purpose
of crisis management systems in the Republic
of Poland” show that existing practices in the context
of hazard identification of CI system components are
as follows. Hazard identification and risk assessment
are carried out using an expert method, which is
based on expert experience, and/or by analyzing
historical cases, if in existence. In public administra-
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tion, often the expert is one of the office workers,
to whom such duties have been assigned.
The study showed no clear criteria for identifying
threats and drew attention to the wide-ranging literature available for classification of threats, which is
still being developed and modified. It proves the lack
of robust knowledge in this field. In particular,
the identification of the connection between threats,
which is very important in practice to predicting
the development of potential crisis situations, is almost ignored in the methodologies examined.
An analysis of crisis management methodologies
in Canada, Denmark, Ireland, and Poland [3, 22, 2
and 15] showed no attempts to determine such connections. An analysis of operational risk management methodologies used in business did not indicate
such practices, either [7, 6].
According to the observed circumstances, it can be
pointed out that the main problem of CI safety management is the lack of a methodical approach to hazard identification and the lack of a development
of response plans to implement effective crisis management. Effective management is understood here
as taking action aimed at eliminating or reducing
the possibility of threats happening, as well as the
removal of the consequences and restoration of the
state before an emergency situation arises, with
the rational involvement of forces and means.
This problem is reflected in practice due to the lawobliging public authorities to carry out regular CI
hazard analysis.
The concept of CI situational management requires
defining a basic conceptual area, which includes
the definition of CI, situational management,
and security.
The definition of CI has been adopted in accordance
with the provisions of the law on crisis management
already quoted in this article. Within the concept
of situational management it is understood as the
impact on a CI object, to maintain or achieve a target
level of safety by maintaining or changing the values
of the characteristics, describing the examined CI
object in a range which allows its operation on the
assumed level.. In contrast, CI safety is defined
as maintaining a predetermined level of accessibility
of public services, depending on the efficiency of the
CI objects.

The proposed method of situational management
of CI in emergencies consists of three stages: identifying the situation, identifying possible actions, and
making decisions.
The implementation of the identifying situations
stage of CI objects can be based on the elements
of the resource approach. Breaking CI down to its
basic components shows that its basis is the resource
on which the CI object’s processes are carried out.
The objects from certain categories are grouped into
CI systems. In contrast, the 11 systems specified
in the Act on Crisis Management comprise the Polish
CI object.
The resource, as part of a material reality (physical)
or virtual reality (e.g., conceptual, information, metalinguistic), which has a non-empty set of values and
characteristics, has a structure that can be described
by a set of variables. By registering the values of the
individual characteristics, the particular state of the
resource may be indicated, according to the situation
in which it is located.
An example of a resource can be a cistern for the
transportation of chemicals, which has three characteristics (pump, tank, and hoses). The characteristics
of the resource are described by four variables (pump
capacity, hoses capacity, integrity of the tank, transported substance). Each variable can take values
of specific ranges with the defined limits of the possible states of a given variable. Using this fact,
a function can be written that defines all the possible
situations in which the resource can be found:
S{(C1Z1); (C2Z2); (C3Z3); (C3Z4)}

(1)

where:
 S  the resource situation,
 C  the characteristics of the resource,
 Z  the variables describing a particular feature
of the resource.
Resources are also vulnerable to risks associated
with the characteristics that describe them. Based
on the analysis of the characteristics of the resource,
it is possible to identify a list of potential threats
to the resource. Such an action will make the estimation of the risks that are associated with the CI object
easier.
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Figure 2. The hypergraphs structure of objects and their connecting channels
(source: [12])

There are connections between resources, which can
be defined as a connecting channel between the two
resources [13]. The knowledge of the process organization in which the resource is used and combining
this with the knowledge about the characteristics
of the resources allow the specification of the relationships between them. On this basis, the state
of any CI object can be specified, and the entire system of the country, and threats identified at each
of its levels.
In turn, the knowledge of the value of the variable
characteristics of the resource can determine the
susceptibility of the resource to the identified threat.
This is illustrated by the example of a hospital dependent on electricity provided by the municipal
grid. This institution is vulnerable to the threat
of a power failure. Buying a power generator reduces
this susceptibility.
Using two criteria, the correct functioning and
knowledge about the reaction to a threat, it is possible to divide circumstances into a designated set,
in which this resource may be found. The possible
situations will then be divided into four categories:
1) Acceptable state: the considered resource is functioning correctly; defined sets of actions for the

individual hazards that are associated with it are
in place.
2) Emergency state: the considered resource is not
functioning correctly; sets of activities designed
to restore the desired state of the resource are
known.
3) Warning state: the considered resource is functioning correctly; there are no developed plans
to respond to identified threats.
4) Crisis state: the considered resource is not functioning correctly; there are no developed plans
to respond to identified threats.
Similarly, a discussion can then start to determine
the significance of identified risks, which arises from
the characteristics of the analyzed resource. Using
knowledge of the probability of a particular hazard
and its effects (financial, number of victims, time
needed to restore the resource, etc.), the classification of types of risk can be made: low risk, medium
risk, high risk. It is also possible to determine a level
of negligible risk, a risk that the organization is
aware of but takes no preventive action due to the
lack of economic justification.
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Describing CI resources by key features, it is possible to develop a situation matrix, in which the resource can be found. Part of the matrix can be
isolated clusters of similar situations in terms of,
for example, the consequences of a malfunction,
or sets of actions that can be taken to restore
the desired state of the resource. Situation sets
of activities can be assigned to individual groups
and the amount estimated of forces and means that
have worked in the past and helped to maintain
the target level of CI safety [11, 18].

value of the characteristics of the resource means
that the situation in which the resource is current can
be identified and monitored. Following the variability of the situation in time, it is possible to predict
an undesirable state and take appropriate action
in advance.
The implementation of this mechanism requires
the collection of data on incidents of malfunctioning
CI resources, the effectiveness and costs of actions
taken to ensure CI safety, and the development
of criteria for identifying similar situations. Data
on incidents and responses to them may come both
from observations and experiences of other CI objects.

The application of correct functioning criteria
and knowledge of the reactions to identified threats
allows us to identify acceptable, emergency, warning, and crisis states. Collecting data on the variables

Element of
System
Critical
Infrastructure

The response to the threat

Matrix of clusters situation

t1

set of
actions

set of
actions

The safety level

Figure 3. Schematic diagram of the process of CI safety monitoring
(source: own materials)
The second stage task of the proposed method is
to identify a set of actions to maintain or achieve
a desired state in the analyzed CI resource. The theoretical basis of this stage is the CBR knowledge
management method. In this method, it is assumed
that the case comprises a pair: the identified problem
and its solution. By adopting this approach for the
needs of CI situational management, it is proposed
that the case is defined as a:

 registered situation: due to the value describing the
variable characteristics and parameters of the CI
resource,
 objective function: the goal that should be pursued,
 operation: the best performing objective function,
selected from a set of effective actions taken in the
past.
The progress of the CBR is achieved in the cycle
illustrated in Fig. 4.
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Figure 4. Cycle of proceedings in the CBR method
(source: [1])
Taking the situation of the CI resource identified
in the first stage of CI situational management
as a starting point and using the criteria for determining the similarity of the situation, a similar situation
to the observed situation can be retrieved from
the database of cases. It can then be checked whether
the effective actions taken in the past can be used
to achieve the intended purpose of the current task.
If the verification of the effectiveness of the actions
is positive, the economic usefulness of action should
be assessed. Otherwise, the manual development
of a plan to achieve the objective, understood
as a specific security level of the CI object, should
be carried out.

or equal to the risks associated with the observed
situation. This demand is consistent with the provisions of the applicable NCIPP. The value of the risk
situation can be determined using the formula:

The advantages of this process are the low costs
of acquiring knowledge, the high user acceptance
of the methods, and learning through memorization.
A disadvantage is the need for a database of cases
covering clusters of similar situations, as indicated
in the first step of the method.

An example illustrating this principle is the problem
of maintaining an airport runway in good condition
during the winter. The threat is the potential heavy
snowfall (P = 60%). An airport’s susceptibility
to this threat, after the analysis of available forces
and means, has been assessed at the level of U =
40%. The potential effect of the materialization
of risks of having a paralyzed airport for one day
would be loss of 150 000 Polish Zloty (PLN).

The implementation of the third stage of the CI situational management is associated with the assessment
of the suitability of actions implemented in the second stage. After determining whether the actions
taken in the past in a similar situation to the current
one will achieve the expected goal, it should be decided whether these actions are economically justified. Assessing suitability can be based on the
principle that the cost of measures taken is less than

R=P*U*S

(2)

where:
 R  value of risks,
 P  probability of crisis situation [0–100%],
 U  susceptibility of the resource to the threat [0–
100%],
 S  effect (point scale or the size of the losses
incurred as a result of the materialization
of risks).

A possible solution is to hire additional resources
(people and equipment) to clear the runway, which
would cost K = 60 000 PLN per day. With these
assumptions, undertaking additional activities
to prevent possible losses is economically unprofitable.
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The value of risk in this case would be R1 = 36 000
PLN. However, if the probability rises, for example,
by 10%, and the susceptibility of airport to the threat
increases by 20% due to, for example the absence
of some staff, it turns out that the proposed actions
are economically justified, because the risk value is
R2 = 63 000 PLN.
The principle works well in situations where
the effects of the materialization of the risk can be
expressed as financial costs. Unfortunately, financial
losses are not the only consequences of security incidents. In cases of exposure to threat to life and human health or the loss of valuable cultural assets, it is
necessary to adopt other criteria to assess the usefulness of a response to identified threats.
In summary, the proposed method of CI situational
management consists of three stages: identifying
the situation, identifying possible actions, and taking
decisions. As part of the identification of the situation stage, identifying the critical resources for individual CI objects is necessary. Next, it is important
to describe it by its characteristics and assign varia-

bles that will allow us to take measurements.
The registered values will be used to indicate a situation in which the CI object exists. Subsequently it is
determined in which category the observed situation
should be (acceptable, emergency, warning, crisis).
If the situation requires it, the second and the third
steps of method are implemented: finding a similar
situation in the case database and checking whether
the action taken in the past can be applied to the
current situation. If so, the suitability of the actions
identified is assessed in economic terms. An evaluation is carried out according to established criteria
and requires hazard identification based on the characteristics of critical resources. Then the reciprocal
influence of resources is identified, the susceptibility
of resources to identified threats assessed, and the
probability of their materialization is also assessed.
With the above data it is possible to determine
the value of the risk and, by comparing it with the
costs of a potential reaction to identified threats,
to assess their usefulness. Fig. 5 shows a schematic
diagram of the realization of the CI situational management method.

Figure 5. Schematic diagram of the situational management method of CI
(source: own materials)
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The concept of the situational management method
of CI is the proposal of a methodical procedure in the
area of identifying situations, finding a situation
similar to the one being observed, and assessing
the suitability of the actions taken in the past in response to the identified danger.

Using knowledge of the past can greatly improve
procedures to respond to identified threats, which
can allow a faster deployment of more efficient
and effective preventive measures, minimize the
possibility of the appearance of interference, and,
if necessary, remove the effects of an emergency.

This method can also be used to develop information
systems, where the task is to support the identified
actions. Potential recipients of this method are units
of central and local government, that is, GCS, Crisis
Management Centers, Crisis Management Teams
and all operators of CI objects, who regularly face
the problem of providing secure and stable operation
of the country’s CI elements. Developed within the
CI framework, the situational management model
of conduct is designed to:

Effective use of knowledge derived from the experience of the past requires tools to identify and compare the registered situations. This mechanism
is described in the theoretical part of the concepts
of situational management and requires the implementation of knowledge management methods. Theoretical assumptions of the situational approach
and knowledge management are concentrated in the
CBR method, which involves registering the situation observed as the basis case in the database and,
on the basis of experience, providing decisionmakers with options for action that have worked
in the past.

 accumulate knowledge about the state of the CI,
 identify development scenarios of crisis situations,
 plan activities within the framework of CI safety
assurance,
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1

Introduction

In the contemporary demanding and dynamic work
environment, every managing person “shall” incur
the risk of undertaken decisions. Each business decision is connected with measurable risk that must not
be understood pejoratively. The risk level in the decision-based process shall be supervised, and it is
a subject of the management control.
It should be emphasized that without risk, there is
no profit to great extent, and it is difficult to discuss
the increase in the goodwill. Superior purpose of the
management control is the protection and maximization of the entity value: its property, cash flow, operational capability, and the market share. The risk
of functional disorder sometimes cannot be avoided
or eliminated, sometimes it cannot be managed
properly; however, it is necessary to take actions
connected with the risk consciously not to add additional damage or cause a failure in achieving assumed purposes of entity.

Even professional and well-organized management
control (conscious approach to the process, implementation of regulations connected with the problem, without its proper use) shall not cause entire
elimination of hazard. It shall contribute to the fact
that the assessment, comparison, and procedure criteria common for the whole organization shall exist
(shall be implemented and organized) toward risk
factors, even extremely different from areas of the
entity operation. Besides, as a result of this approach,
it shall be defined as simple dependencies between
the efficiency of management control in the entity
and the purposes achievement. Proper, thoughtful,
and well-organized management control is the essence for hazards in reality. First of all, it prepares
the entity if some hazards occur.
2

Management control in the management
sciences

The process of the organization management, including the sector of public finances can be characterized
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into the following four phases: planning, organizing,
leadership, and control (S. P. Robbins, D.A. DeCenzo, 2002, p. 32; R.W. Griffin, 1998, p. 36.). According to Art 68 Public Finance Law (Art. 68. 1.),1
department of public finance are obliged to conduct
professional management based on management
control.
Management control was effective on 1 January
2010 and elastically entering into mechanisms
and standards of management sciences. There are
generally action taken to provide the purposes
and tasks completion in a way that is conform to the
law applicable, effective, economic, and timely.
It covers the management area, including the following: planning, organizing, leadership, and control.
The essence of management control and its genesis
in management sciences is noticeable while comparing key elements of the theory of management sciences and standards of management control
in departments of public finances (Announcement
no. 23 Minister of Finance Dz. Urz. MF no. 15, item
84).
According to E. Nowak the risk management is defined as the process of verification if the operations
of the department of public finance conforms to arrangements included in the operations plan and if
the entity obtains assumed purposes. The management control is an element of control system of the
entity operations that covers monitoring of the operations and is a base for taking corrective action
that shall prevent against any irregularities in the
future (E. Nowak, 2003, p. 266). According to B.R.
Kuc, the control, as far as managerial function
of leadership is concerned, is a set of actions which
essence is collecting information and its purpose 
using the information for processes correction
or behaviors of people who are controlled (B.R. Kuc,
2006, p. 145).
The management control according to the notations
of the Act shall be identified with the term internal
control, functioning in international standards. However, the definition of internal control coined by
INTOSAI (The International Organization of Su1

Management control in the entities of public finance sector is
all the actions taken to provide the completion of purposes
and tasks according to legal regulations, effectively, economically, and on time.

preme Audit Institutions) describes it as a tool
for management used to obtain a rational reliability
that management purposes are achieved. Internal
control includes functional factors that are used
by the management board to get national reliability
that operation of the entity is directed to fulfill the
mission. It is also helpful in conducting arranged,
effective, ethical, economical, and efficient operations fulfilling obligations connected with the responsibility, conformity with laws and regulations
on resources protection against the loss, improper
use, and destruction. Internal control includes functional resources that are used by the management
board to get the reliability from internal sources
that processes for which they are responsible are run
to minimize the probability of fraud, mistake,
or uneconomic or ineffective practices (INTOSAI,
2000, p. 74).
Statutory definition of management control diverges
significantly from classic model described earlier,
meaning of “control” definition. It is a category that
concerns the management process and connects elements of leadership and responsibility in a public
sector (E. Chojna-Duch, 2011, p. 90). The management control in the department of public finance
covers five sets of issues, that is, internal environment, goals and risk management, supervision mechanisms, monitoring, information and communication,
and assessment. The catalog of goals in the management control is opened and requires determining
by the manager of a department of public finance
the additional purposes of the entity considering
the character, subject of the operations, and conditions of functioning of managed entity (L. LipiecWarzecha, 2011).
The management control is defined as the action
taken in the entity in order to provide the purposes
and tasks completion. The Act does not indicate,
however, what kind of action are concerned; it also
does not define exemplary catalog of these tasks.
The conceptualization of the catalog would be stymied or even impossible, because of defined understanding of the management control institution
as actions directed for the tasks completion of definite and personalized entity of public finance. These
action are various not only because of various subject of the operations of entities that form the sector
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of public finance or the amount of resources they
have but even in single entity the goals and priority
tasks can be different in the next budget years.
The management controls hall cover such issues
as determining proper structure of the entity, employing right personnel, analysis of chances
and threats connected with tasks completion, implementation of proper procedures and supervising.
The management control assumes that the result
of operations is possible to identify and compare
with the established purposes and the fact that
the information can be used to redirect the efforts
to the areas of entity operations which are essential.
For example: “measurable” means “rational” and,
finally, it can be a term of the “quantification” of the
question: whether planned event occurred or not
(quantification “one” or “zero”). However, many
activities both in private organizations and public
ones obtain results in quality categories. How can we
estimate results of army operations in a peace time,
results of public relations department, results
of managerial actions and personnel, results of education ministry? In these cases, only resources allocated in the activity can be measured; however, it
does not include results (http://www.wneiz.pl/nauka
_wneiz/frfu/53-2012/FRFU-53-11.pdf).
Basic function of the management control is the purposes and tasks completion of the entity according
to the criteria described in the Act. Determining
and achieving goals and tasks is of basic and individual character for every department of a sector
of public finances. Does it fulfill the condition
of individualization and appealing to purposes and
tasks of the entity determined in the Act, that is,
a base of its functioning?2 Tasks and purposes shall
be defined on a sufficient level, not absolute,
and according to the following rules:
 goals and tasks shall be defined clearly and at
least in annual perspective,

2

That is, referring to the gmina (en. commune) referring
to lawfully determined scope of tasks to which we include meeting needs of the community (Art. 7 paragraph. 1 u.s.g.) from
tasks defined for completion of management control point
of view, as too general and do not fulfill any function.
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 goals shall meet the smart condition, that is, shall
be specific, measurable, achievable, and relevant,
timed3,
 purposes and goals completion shall be monitored
with indicated criteria,
 in superior entity or supervising entity, proper
monitoring system of purposes and tasks completion for subordinate or supervised entities shall
operate,
 performing the assessment of purposes and tasks
completion considering the criterion of economy,
effectiveness, and efficiency is recommended,
 determining purposes and tasks entities, organizational units, or people directly responsible for the
completion and resources planned for the completion shall be determined,
 the possibility of indicating the purpose of existing entity in the form of short and synthetic description of the entity mission shall be
considered.
While determining the purposes and tasks of the
department of public finance, the same criteria shall
be used, which form the standard in defining purposes in task-based financial scheme (Announcement
no. 6 Minister of Finance Dz. Urz. MF no. 5, item
22), dictating to determine the purposes significantly
and set in time precisely, clearly, in a consistent,
measurable and realistic way. The purposes shall
be determined for completion in every budget year
and indicate starting measures, measures planned
to be achieved, rules of monitoring the principles
to achieve, and principles of recording of planes
completion (K. Puchacz, 2009, p. 40).
3

According to Art. 27 Ordinance of the Council (WE, EURATOM) no. 1605/2002 of 25 June 2002 concerning financial ordinance used for general budget of European Community (Dz.U. L
248 of 16.09.2002, p. 1), defined, measurable, achievable, proper
and determined in time purposes shall be determined in all areas
of operations covered in the budget. Achieving these purpose is
to monitor with efficiency meters for each activity; however, the
information are delivered to budget authority by a body that
deals with the expenses. Budget resources are used according to
the principle of proper management of finance, namely, acc. to
economy, effectiveness and efficiency principles. The principle
of economy means that the resources used by the entity to run its
operations shall be available in due time, amount, and for best
price. Using the effectiveness principle means striving for as
good connection between used resources and achieved results as
possible. The efficiency principle means achieving determined
purposes and results.
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Determining purposes shall meet the condition
of significance, that is, to cover the most important
areas of the activity of public fund administrator
(entity). The purpose is determined precisely and
clearly, when it refers to basic, intentional result of
tasks and subtasks completion, it is formulated clearly and providing unambiguous interpretation, contains the description of the matter or the state
of affairs, which shall be the result of the task completion. Precisely and clearly defined purpose does
not contain detailed and extensive definitions
or technical abbreviations. The consistency means
mutual compliance of purposes, without repeating
among others the name, content, or ways of the intervention.
The condition of the measurability is fulfilled when
the level of a purpose completion can be measured
with the indicators. Assumed purpose considers the
period in which it is performed. The term when the
purpose can be completed is determined precisely,
and the purpose that does not have time perspective
is considered as unachievable. Realistic determination of the purpose means the consideration of risk
factors of its completion at the planning phase. The
purpose determined in this way shall oscillate around
positive results of the task completion, not a minimum assuming the certainty of achieving the purpose. While determining the purposes, the progress,
and development of results within the politics area
shall be assumed, not only to strengthen as things
stand in this field.
The management control in the department of public
finance covers five groups of the issues, that is, internal environment, purposes and risk management,
control mechanisms, information and communication, monitoring, and assessment. General purposes
of management control defined in the Act are enumerated specifically, identified, and covered as follows:
 Conformity to the legal regulations and internal
procedures, that is, the operation legality.
 Efficiency and effectiveness of operations.
 Credibility of reports concerning both financial
issues (e.g., reports on the completion of collecting and dispensing public finance, reports on substantive activities of the entity).

 Resources protection (control mechanisms) by
providing the access to entities only authorized
personnel. In every entity, the principles of assets
distribution shall be prepared as well as periodical
control of resources with inventory method shall
be made, and managing personnel and employees
shall be entrusted with the responsibility
for providing the protection and proper use of entity’s resources.
 Observing and promoting the rules of ethical
behavior (internal environment). Managing personnel and employees shall be aware of ethical
values accepted in the entity and observe it while
performing entrusted tasks. Managing personnel
shall support and promote observing ethical values providing good example in daily behavior and
taken decisions4.
 Effectiveness and efficiency of information flow
(information and communication). Managing personnel and employees shall have the access
to necessary information for performing duties.
Effective system of communication shall allow
the flow of information within the entity both
horizontally and vertically and its proper understanding by recipients. Proper and reliable information shall be provided in due time while
performing tasks, effective mechanisms of transmitting important information within the organizational structure of the entity and within
the department of governmental administration
and departments (internal communication),
and effective system of sharing important information with external entities having the influence
on achieving purposes and tasks completion (external communication).
 Risk management (purposes and risk management), which is intended to increase the probability and tasks completion. The process of risk
management shall be documented.
One of the purpose of the management control is
to provide the efficiency and effectiveness of the
operations. The organization operates effectively
when it attains assumed purposes. Both at strategic
and operational level. Proper understanding of pur4

With consideration of, that is, mandatory ethical codes, quality
certificates acc. to ISO standards, etc.

The Assessment of the Level of Management Control Standards Completion in Treasury Sector

poses by employees and the involvement are beneficial to it effective completion.
The management sciences also include the method
of management by objectives. The idea is based
on the assumption saying that effective management
shall direct the vision and effort of all management
staff in order to achieve common goal (P.F. Ducker,
1992).
3

Research methods

The self-evaluation survey is used for the assessment
of the phases of management control completion
according to standards.
According to S. Kałużny, the self-assessment covers
lots of possibilities in the range of the improvement
of the operations quality, because it reveals the faults
and eliminates it immediately, and it is its basic benefit (S. Kałużny, T. Zawadzka, 1999, p. 52).
The surveys are simple and fast source of information, that is why when the manager wants to get
the data on the control mechanisms in the entity, the
self-assessment survey is the great source to obtain
such information. Based on the results of the selfassessment, the signals on the adequacy and efficiency of the control mechanisms are obtained. It presents the variations and points out the scope
and range of variations in the entity.
The self-assessment process inspires employees
for the observation of processes, drawing conclusions of bureaucratic schema and this allows to get
added value in the form of useful information. The
information obtained in this way are a source of motivating employees and indicating the role of the
management control in the entity.
The self-assessment is an inseparable element
of management process  planning, deciding, organizing, performing, and controlling the process.
It allows to quickly get information on weaknesses
of control mechanisms, cumulating of gaps in decisive and executive processes, as a consequence,
it makes the management more difficult and often
generates cost. The assessment of management control allows to obtain information on the efficiency
and adequacy of procedures, regulations, manuals,
and other directives, especially in the areas where no
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audit or control operations were done. It shall be
emphasized that the self-assessment is the next tool
used to make self-assessment while functioning
the entity and control mechanisms.
In the justification to the Announcement no. 3 of the
Ministry of Finance of 16 February 2011 concerning
the self-assessment of management control for the
department of the public finance, the self-assessment
is defined as the process in which the assessment
of management control functioning is done by employees and managers of the entity (Announcement
no. 3 of the Minister of Finance Dz. Urz. MF no. 2,
item 11).
Main core of research was based on the data included in the survey questionnaire answers of managers
and employees survey questionnaires.
Questions in the self-assessment survey were closedend questions, as it provide more detailed picture
and clear confirmation of the facts. Besides, a person
who is a subject of the close-end question is more
trusting as this form provides better anonymity.
4

Analysis of research results

The management control in the department of public
finance covers five groups of the problems, that is,
internal environment, purposes and risk management, control mechanisms, information and communication, monitoring, and assessment. The catalog
of purposes and management control is opened
and requires definition by the manager of the entity
of the public finance of additional purposes of the
entity, considering its specifics, subject of the operations, and conditions of functioning of the entity
(L. Lipiec-Warzecha, 2011).
Within the scope of these five purposes, the test
in the form of questionnaires of self-assessment
in the departments of fiscal sector.
Practical application of mentioned methods required
to collect data concerning basic processes realized
in Offices, or even the reasons of disturbances of its
completion. Numerical expression of these defects
required data collection to facilitate the estimation
of basic indexes in the scope of basic processes
completion.
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Figure 1. Phases of the self-assessment TCO
(source: own work based on conducted research)

Data collection concerning the most important processes require obtaining data from Treasury Control
Offices (TCO) on basic areas of its functioning
as follows: process of internal environment, indicating purposes, tasks identification, and analysis of
risk factors connected with achieving purposes and
mitigation of risk, monitoring and control process,
and information and communication process (Fig. 1).
Based on the conducted analysis, the following processes were determined, and within the Framework
of it, the subprocesses have been specified; it was
the subject of detailed research as far as the tasks
of Treasury Control Offices are concerned, and it is
as follows:
 internal environment,
 purposes and risk management,

 control mechanisms,
 information and communication,
 monitoring and assessment.
In the scope of the internal environment range,
the research was conducted in the following subject
range: construction of organizational structure
and the tasks distribution on right persons. In terms
of organizational structure construction, verify the
followings:
 construction of proper organizational structure,
 adaptation of organizational structure to current
purposes,
 adaptation of organizational structure to current
tasks,
 include in organizational structure all necessary
organizational units.

The Assessment of the Level of Management Control Standards Completion in Treasury Sector

111

2,5; 3%

yes

no

97,5;
97%

Figure 2. Analysis of tasks distribution in the scope of organizational structure of the entity 
selected out of results
(source: own work based on the self-assessment results)

When the self-assessment surveys are analyzed, it
shall be stated that in the respondent evaluation
of the population of management staff, the organizational structure in Treasury Control Offices is proper
and does not require changes.
Almost all respondents (95% of interviewee) pointed
that functioning organizational structure is adopted
to current purposes and tasks assigned to the Treasury Control Offices. It shall be stated that management personnel is familiarized with the
organizational structure, purposes, and tasks assigned to the Treasury Control Offices by General
Inspector of Fiscal Control.
In terms of respondents out of employee group, situation looks much worse. The organizational structure
of the Treasury Control Offices is known by 80%
of interviewee but is assessed properly by 65%;
however, it is perceived as improper by 12%
of interviewee. For comparison purpose, it shall be
stated that 25% of interviewee pointed that the structure should be changed. Part of interviewee, despite
that assess the structure as proper, awaits for changes. Three-fourth of interviewee are convinced that
the structure is adopted to purposes and tasks of the
Treasury Control Offices assigned by General Inspector of Fiscal Control. Twenty-five percent
of interviewee states that they do not know if the
structure is proper and if the structure requires
changes, and the same amount states that they do not
know if it is adopted to current purposes and tasks
of the Treasury Control Offices. Results for managers
are summarized in the chart – Fig. 2.
In the view of respondents of the population of management personnel and employees in the scope
of organizational structure exists the discrepancy.

Part of employees is not informed enough in this
field.
Almost the same percentage of the population
of management personnel and employees admit that
the scope of tasks is consistent with the scope
of performed work. Approximately 5% of interviewee from both groups is not consistent with the scope
of tasks on an average. All respondents from the
group of managers indicated that purposes assigned
to be realized by the Treasury Control Offices are
properly distributed into organizational units. In the
event of interviewees, 75% of employees know purposes and tasks of the Treasury Control Offices that
are translated into purposes and tasks of organizational units, and already 94% assesses it as properly
distributed into organizational units (despite over
20% actually do not know it).
The organizational structure in all Treasury Control
Offices is the same, and the scope of task assigned
on organizational units is imposed a priori on the
Treasury Control Offices with the status. Besides, all
Treasury Control Offices have purposes and tasks
that are posed by General Inspector of Fiscal Control
every year, and they are accounted for it systematically. In connection with the above, considering the
fact that managing Staff knows the structure, purposes, and tasks, and the Treasury Control Offices exists
the hierarchy structure, it shall familiarize subordinate employees with purposes and tasks assigned
to them, as employees are responsible for performing
it. Such discrepancy of responses can result out
of not understanding the essence of purposes by employees, as its content is the Treasury Control Office,
it is widely available and it is uploaded into
the Treasury Control Offices intranet websites.
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Figure 3. Analysis of identified purposes and tasks of the entity  selected out of obtained results
(source: own work based on self-assessment results)

The organizational structure is implemented with
organizational statue, which shall be ready by every
employee and this fact shall be stated by the signature, and the document confirming it shall be entered
into personal records of an employee.
The organizational structure, over the past five years,
are not a subject of the change, the same units
and assigned unchanged tasks.

When the analysis is completed, it shall be stated that
the whole surveyed population of management staff
indicated that in the Treasury Control Offices, the
purposes and tasks of the entities in annual perspective are clearly determined, one-fourth of the surveyed employees indicated that they do not know
if the purposes or tasks are determined in annual
perspective for the Treasury Control Offices.

Summing up, it determined that the structure is organic in all Treasury Control Offices. It is consistent
with the statue and implemented with the organizational rulebook.

All surveyed population of management staff indicated that they are familiarized with purposes
and tasks of the Treasury Control Office on a given
year. The reflection is included in the question on the
familiarization with the mission, purposes, and tasks
that are effective in the Treasury Control Offices.
Besides, all surveyed personnel in this Group indicated that they conduct the monitoring of achieving
purposes and the realization of tasks assigned to the
Treasury Control Officer for the completion. Threefourth of the surveyed employees presented that they
know the purposes and tasks for completion in
a given year, one-fourth of surveyed indicated
that they does not know it; however, 95% of surveyed declares that they monitor it. The results are
presented in Fig. 3.

In subject-matter scope, it verified the determination
of purposes and tasks of the entity in the following
range:

The identification and the analysis of risk factors
in the entities was verified based on the following
information:

 minuteness of purposes definition,

 methods of identification and the familiarization
of personnel obliged for its completion is set forth
properly,

Despite this fact, almost all employees point that
tasks assigned to the Treasury Control Offices
are properly distributed into organizational units.
While analyzing the risk factors identified in relation
to the subprocess, it shall be stated that it is actually
eliminated, as the organizational structure is properly
implemented and adopted to current purposes
and tasks of the Treasury Control offices, the level
of tasks completion and attained purposes by the
Treasury Control Offices in given year can certify
that.

 minuteness of the definition of entities tasks,
 determining the meters of tasks completion,
 proper distribution of tasks into given units (according to organizational structure),
 verification of even tasks distribution on employees (excessive amount of tasks, too small amount
of tasks).

 proper determination of tasks for completion,
 identified all risk factors in relation to realized
entity tasks,
 the process of identification of risk factors of the
entity conducted properly,
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Figure. 4. Analysis of identification process and analysis of risk factors in the entity
in relation to established purposes and tasks  selected out of research results
(source: own work based on the self-assessment result)

 identified all risk factors of the entity,
 identification of risk factors was conducted
by proper personnel,
 documentation out of risk factors is available,
 employees were familiarized with the identification of risk factors of the entity.
Based on the analysis of the self-assessment surveys,
it shall be stated that in the Treasury Control Offices
in relation to determined purposes and tasks, risk
factors influencing the achievements of strategic
and operational purposes by the entity are identified.
The process of risk factors identification is extremely
important.
The analysis of surveys show that the whole group
of respondents of the management staff do not know
what is the process of risk identification and what
method of risk identification in the Treasury Control
offices shall be applied. In terms of respondent originating out of employees group, it shall be indicated
that only almost half of the surveyed know what
method was applied.
The analysis of respondents answers of management
staff presents that in the Treasury Control Offices,
all risks were identified. Within the framework
of determining how often the process is conducted
show that at least once a year, and in the following
year while specifying more details, 90% stated that
once in a year and every 5% that once a quarter
and once a month.
In terms of respondents of employees group, it shall
be pointed that it is possible that employees did not
understand the question or gave wrong answers.
Namely, in the scope of previous question  if they
identified all risks  it determined that 40% of the

surveyed personnel do not know, and within the
framework of question, if the risk factors were identified, almost three-fourth answered yes. For almost
half of the respondents, the determination of the
frequency of the process of the identification of risk
factors in the Office also is problematic. Forty percent of employees indicated the frequency  once
a quarter and once a month. The results are presented
in Fig. 4.
The process of risk identification is one of the element of risk management system. All respondents
from the group of management personnel indicated
that the system of risk management is documented
in the Treasury Control Offices and is available
for everyone, but merely over 80% of surveyed
pointed that they are familiarized with the documentation. However, in the group of employees, almost
half of surveyed pointed that they do not know about
the documentation on the system of risk management, and in the following year, almost 80% points
that they are familiarized with the documentation
of risk management system.
The issue concerning who familiarized with the documentation in the question was addressed for all
together  2/5 of the surveyed indicated that they are
familiarized with it on their own, 1/5 through the
manager (in terms of management personnel it was
the Director).
The process of the identification of risk management
is one of the element of the process of risk management in the Treasury Control Office. The identification of risk factors shall refer to identified
or determined strategic and operational purposes
of the Treasury Control offices each time.
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Figure 5. Analysis of control mechanisms in the scope of financial procedures  selected out of research results
(source: own work based on self-assessment results)

That is why, the process of the identification of risk
factors is a starting point for further analysis of risk
and when it is wrongly done (using, e.g., improper
method of risk identification) can be a reason of not
reaching strategic and operational purposes by the
Treasury Control Offices. In the Treasury Control
Offices, the method and frequency of the identification of risk factors of the entity were determined.
The process of identifying risk shall be done by all
managers; moreover, they shall agree with employees existing risk factors  came across while completing tasks. Based on the determined risk factors,
the register of risk factors is constructed. The identification and risk analysis is conducted once a year.
If some risk factors are influencing strategic and
operational operations, the register is supplemented
through the year. The whole process of risk identification is documented. Final effect in the form of the
register of risk factors is entered with the instruction
of the Director of the Treasury Control Office.
The management staff is supposed to familiarize
employees with the register of risk factors. Besides,
the register of risk factors is published on intranet
website of the Treasury Control Office.
The research presented that the subprocess of risk
factors is not protected and requires remedy actions:
 internal training for employees in the scope
of identification and analysis of risk factors,
 increase of the supervision of managers over
tasks completion,
 increasing the supervision over the employees
by the team dealing with the management control,
 increasing of the control element of management
personnel,

 involving employees into the identification and
analysis of risk factors in the Treasury Control
Offices.
In the scope of the following areas, control mechanisms, analysis concerned identified control mechanisms with functioning financial procedures and
those connected with IT systems in the scope
of tasks completion concerning the System of Information Safety Systems. Within the framework
of control mechanisms focused on financial procedures, the following are assessed:
 determined accountancy principles,
 defined precisely accountency principles,
 determined the accountancy principles in procedures,
 indicated responsible personnel in the accountancy principles,
 indicated scope of tasks and responsibility
of personnel in the accountancy principles.
Upon the self-assessment questionnaires, within
analyzed period, it shall be stated that approximately
90% of surveyed managers and approximately 75%
of surveyed employees pointed that in the Treasury
Control Offices, functions formal principles on the
control and workflow of documentation connected
financial and economy operations including public
procurement. The same population stated that it is
a reliable and consistent operation.
Approximately 75 % of managers and 65% of employees pointed that in the documentation concerning financial and economy operations, key responsebilities are distributed into various personnel.
The results are presented in Fig. 5.
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Figure 6. Analysis of functioning control mechanisms in the scope of IT systems  selected out of research results
(source: own work based on self-assessment results)

All managers and approximately 85% of employees
pointed that in the Treasury Control Offices, mechanisms for providing personal details safety and IT
systems exist.
The same population, that is 95% of surveyed managers and 85% of surveyed employees indicated that
in the Treasury Control Offices implemented technical solutions shall provide safe processing of data
in IT systems.
The accountancy principles, scope of financial
and economy operations, workflow of financial
and record keeping documents, and granting public
procurements are prepared in the Treasury Control
Offices. While completion of these tasks not only
employees of accountancy unit participate but also
all other employees, that is, in the scope of using
company’s vehicles, using private vehicles for company’s interest, settling delegations, and applications
on minor purchases, materials, and books. This topic,
in the scope if interest, shall be widely known for all
employees as they participate in the documentation
workflow. Presenting unfamiliarity of this topic
by employees and weak results of internal control
in this scope certify on some problems in completing
these tasks. The instruction of the director in this
scope are available on the intranet website of the
Treasury Control Office, managers are familiarized
with the documents and are obliged to familiarized
with it subordinate employees. In this situation,
training for all employees seems to be a must.
In terms of responsibility for financial economy indicated proper personnel, they are responsible
for financial assets, performing initial control,
and formal and accounting control and others.

The scope of responsibilities of employees is determined in the documentation and additional authorities. Identified risk factors are not minimized
to accepted level, that is why the remedy actions are
necessary.
The subprocess is not protected and requires the
following remedy actions: in terms of mechanisms
of financial and economy operations – training conducted by chief accountant in the scope of accepted
solutions for finance and economy in the Treasury
Control Office, public procurement, and taskoriented budget.
The assessment of procedures connected with functional IT system was done considering the following:
 determining the scope of personal details safety,
 observing personal details safety,
 determining protecting data in IT systems,
 implementing proper protection of data in IT
systems.
Based on the results of the self-assessment surveys,
it shall be stated that all mangers and approximately
85% of employees indicated that in the Treasury
Control Offices, mechanisms for personal details
safety and IT systems exist.
The same population, that is, 95% of the surveyed
managers and 85% of the surveyed employees,
pointed that in the Treasury Control Offices, implemented technical and organizational solutions provide safe processing of data and operate in IT
systems.
Seventy-two percent of the surveyed know the procedures and instructions in the scope of IT systems.
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Figure 7. Analysis if information process in the entity  selected out of research results
(source: own work based on self-assessment result)

The fact that over 25% of surveyed do not know the
procedures, despite the fact that they perform it every day based on IT system, is a reason for disconcerting (Fig. 6).

The following are verified in terms of information
process:

However, the continuity of operation was provided.
In terms of the systems safety, it prepared the part
of documentation in the following form: instruction
for IT systems management, safety policy for data.
Implemented safe login for computer  access password for computer, access codes for electronic mail,
and installed antivirus programs  filters for entry
on websites. Principles of using IT equipment were
determined in Director’s instruction and all employees were familiarized with it, all regulations are
available on the website.

 constructed the internal communication system
properly,

Identified risk factors are not minimized to accepted
level, that is why remedy actions are required.
The policy for information safety, declaration
of using it and other information for distribution
and transfer it, including personal details are under
continuous consideration.
Proposed remedy action in terms of IT mechanisms
shall cover preparing missing documentation
in terms of IT management system for information
safety, safe information policy, declaration of using
it, update of missing data in terms of the manual
of IT system management, personal details safety
policy, authorities for processing personal details,
and training of employees and managers.
In the scope information and communication,
the research of surveys concerned the information
process and internal communication in entities.

 determined proper communication systems in the
entity,

 provided an access to proper information necessary to tasks completion for managers and employees.
The self-assessment survey determined that 85%
of surveyed managers and 60% of employees pointed that in the Treasury Control Office, effective
mechanisms of distributing important data in horizontal and vertical data are provided. All surveyed
managers and 65% of surveyed employees pointed
that mechanisms of distributing important information horizontally and vertically are sufficient
to safe the system. Twenty percent of employees
and 10% of managers pointed that formal barriers
influencing adversely in information distribution
in horizontal and vertical distribution exist (Fig. 7).
Over 95% of surveyed employees and managers
pointed that the access to the information to tasks
completion is necessary. That is why it shall be stated that employees and managers has the access to the
intranet website and internal documentation.
In the Treasury Control Offices, the communication
channel is represented in terms of formal hierarchy
functions: the communication channel managing
personnel  managers of organizational units, communication channel of organizational units and employees.
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Figure 8. Analysis of communication process in the entity  selected out of research results
(source: own work based on the self-assessment results)

From the scope of distributed data, its scrutiny and
timeliness depends on the level of tasks completion
by employees. Every two weeks managing personnel
council and managers takes place, where meters
of tasks and purposes completion assigned to some
organizational units are analyzed. Distributing information among managers and employees is done
without any problems, because of all unclear tasks
assigned to employees. Tasks assigned to employees
both in written and oral form is various. The level
of tasks completion by some employees is also various. Employees do not understand the concept and
scope of questions.
The risk analysis indicated that the system is implemented and risk factors are minimized.
While assessing internal communication in entities,
consider the following:
 determined proper communication system with
external entities,
 constructed the system of external communication properly,
 constructed the image of fiscal control properly,
 current and reliable information on the entity
operations are distributed and made available.

The self-assessment surveys determined that over
95% of surveyed managers indicated that in the
Treasury Control Offices, communication channels
with external entities are constructed. In terms
of employees, effective functioning of channel indicated only half of surveyed.
In terms of external communication, both employees
and managers do not analyze the Public Information
Bulletin (BIP) as almost three-fourth of surveyed
indicated they that do not know if information

are updated. Hundred percent of managers and over
half of employees stated that media presentation
of the Treasury Control Office is conducted in sufficient level (assuming that 3/5 answered I do not
know). The results are presented in Fig. 8.
In the Treasury Control Office, the scope of communication system functioning with external entities are
determined. For the purpose of distributing information with external entities, for example, taxpayer,
is authorized an employee running this case, unit
manager  while explaining, Vice-director/Director.
For media contact, spokesperson and the Treasury
Control Office Director. For the purpose of contact
external controllers, the Director of the Treasury
Control office and internal auditor in the scope indicated in the authorization.
In the PIB are published the information concerning
the recruitment process  announcements on vacancies, letters of inquiry  tenders, plans of operations
and reports on its completion, statements on the
management control  in the scope of management
control, results of external control, and other cases,
which can concern taxpayers.
The risk analysis presented that the system is implemented, and risk factors are minimized.
The assessment of tasks realization monitoring concerned the information verification and


determined proper process of monitoring,



determined that the monitoring process refers
to purposes and tasks,



determined that tasks are realized on time
and according to regulations,



determined that tasks are adopted to the organizational structure,

118

Ewa Kulińska, Agnieszka Dornfeld

5,26; 5%

yes

5,79; 6%
5,26; 5%

no
I do not know
83,68;
84%

lack of answer

Figure 9. Analysis of the assessment of monitoring of purposes and tasks in the entity 
selected out of research results
(source: own work based on self-assessment results)



determined that risk factors refer to purposes
and tasks identified in entities,



determined if the monitoring process of purposes and tasks completion in the entity is protected.

Based on the results of self-assessment, it shall be
stated that over 85% of surveyed personnel know
what are the purposes and tasks in entities for completion in a given year.
All respondents from management personnel indicated that purposes and tasks are defined, all confirmed that the monitoring is done with meters
and with the consideration of economy, effectiveness, and efficiency criterion. They also indicated
that in the Treasury Control Offices, the assessment
of tasks is performed. Besides, almost the whole
population indicated that the tasks completion is
done in an economic, effective, and efficient way.
Seventy-five percent of respondents from employees
group indicated that in the Treasury Control Offices,
the purposes and tasks are determined, and it shall be
stated that it is known for them.
Only half of respondents indicated that purposes and
tasks are monitored with meters with the consideration of eco-nomy, effectiveness, and efficiency criterion. It does not change the fact that the same
population confirmed that performing tasks of the
Treasury Control Office is carried out in an economic, effective, and efficient way, 2/5 surveyed stated
that they do not know if the monitoring of purposes
and tasks completion or such monitoring exists. Surprising is the fact that over 1/5 surveyed stated that
tasks completion is not carried out economically,
effectively, and on time (Fig. 9).

Purposes and tasks for completion by the Treasury
Control Office were determined in the entity.
The management personnel familiarized with it and
the monitoring is done. The analysis of the documentation indicates that employees do not have the consciousness of what are the purposes and tasks, what
is the importance of it, and the entity’s manager is
assessed. Besides, the aspect of tasks completion
in the Treasury Control Offices is important.
The management control is supposed to provide the
tasks completion effectively, efficiently, and on time
while spending as little financial assets as possible.
It is visible that employees know the subject matter
of indicating and analysis of purposes and tasks
of the Treasury Control Offices. The analysis reveals
that the tasks are not distributed into organizational
units or employees were not familiarized with it.
The method of realization determined and defined
purposes and tasks in the Treasury Control Offices is
important. Proper distribution of purposes and tasks
into organizational units and timely and efficient
assessment of management personnel in terms
of assigned tasks influences on the quality and timeliness of tasks completion. Lack of indicating meters
is a reason of tasks realized not on time, not enough
amount, and extensive cost.
Employees do not know determined meters and it is
a reason that employees perform tasks without economy, effectiveness, efficiency criterion. In this way,
it increases the cost of Treasury Control Offices
functioning, do not include expected income to the
budget.

The Assessment of the Level of Management Control Standards Completion in Treasury Sector

Upon the risk analysis, it shall be stated that the level
of risk is high, employees shall know determined
purposes and tasks, and it is assigned in such a way
that to perform effectively and on time.
It shall be stated that implementation control mechanisms that are supposed to increase the supervision
over Directors and managers, providing permanent
element of supervision over managers and employees and specifying the purposes and tasks assigned
to the Treasury Control Offices for a given year
and familiarization of employees and training.
The subprocess is not protected and requires remedy
actions:
 internal training for employees in the scope
of determining meters for purposes and tasks,
 increase of the supervision of managers over
the tasks completion,
 increase of the supervision over employees
by the management personnel team,
 increase of control element of management personnel,
 identification of risk factors in relation to purposes and tasks of the Treasury Control Offices.
5

Conclusions

The assessment of some elements of the management control in the Treasury Control Offices is important for involved, and from the economy point
of view, and first of all for the budget. It shall be
performed within the framework of assigned purposes based on well-built model and within the scope
of all management levels.
The assessment was done in terms of processes, subprocesses, tasks, and subtasks to verify functioning
of management areas and provide the following:
conformity of operations with legal regulations and
internal procedure, efficiency and effectiveness
of operations, credibility of reports, resources protection, observing and promoting rules of ethical behavior, effectiveness and efficiency of information flow,
proper management of risk management, and assessment of the completion of some elements
of management control.
Each process refers to the management element,
and its purpose is to Support the Director of the
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Treasury Control Office in the management process
and providing the quality of functioning of the
Treasury Control Office in the area of operation.
The implementation and assessment of the management control of department of fiscal sector contributes, among others, to the following:
 determining in entities rules and components
of effective process of risk management and determining the method of identifying, assessing,
reacting, and controling all important types
of risk identified in entities,
 Provides “common language” , so that the managerial personnel, managers, and others saying
about the risk management could communicate
well (providing proper internal and external
communication),
 determining the way the entity uses risk management in strategic planning, describes techniques
of identification and risk management,
 emphasizing if the process of risk management
identifies not only negative aspects but also positive aspects or possibilities that can be used
to improve capabilities and values of the entity,
 determining main roles of participants of the process of risk management in entities,
 verification of internal regulations in the entity
and making an update,
 training for employees in the scope of the identification and analysis of risk factors, IT systems,
and procedures of financial control.
The risk management is not a one time, prepared
for only a single moment act or group of decisions,
but extended in time complex decision process.
The management control has added value for the
highest management of the company and employees.
First of all, it prepared entities for definite threat
in real life.
The entity, in which the process of risk management
is carried out effectively, has prepared methods for
minimization of the threat and its results. Summing
up, it contributes to great increase in the competitiveness.
The fact of existing and the quality of running risk
management with effective system of risk management is, according to specialists, a benchmark of the
maturity and culture of the entity. Superior purpose
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of the risk management is the protection and optimization of the entity value: its assets, cash flow, operational capability, participation in the market.
The risk connected with the entity cannot be avoided; however, it shall be taken consciously through
effective management of processes connected with
management control.
The management control is developing, and the
management personnel got started to understand its
significance. It shall allow to better use of financial
assets and resources that are at the disposal in every
organization of public finance sector. For certain
well-applied analysis of risk factors in the scope
of risk management which is an element of management control shall allow to identify most of areas
of the risk of the entity and provide its proper functioning. It shall be stated that effective and efficient
system of management control contributes to effective completion of statue tasks and general improvement of the entity operations.
6
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Abstract: A number of family business researches affirm benefits of family involvement to the business
while some of other studies assure only detriments of family involvement. When comparative studies
of family businesses begin to surface on the family involvement in business, there is that irritating
question on what effect is brought about by family involvement to the business. Therefore, the purpose
of this study is to explore business advantages and disadvantages generated by family involvement
in businesses in Sri Lanka. The present study attempted to address the above knowledge gap, using
qualitative research approach and multiple case studies as the strategy of inquiry. Purposive sampling
technique was used to select both cases and respondents. Privately held, successfully conducted four
family businesses were selected as cases and, existing business owner and one family related manager
from each case were taken as respondents. Data was collected mainly via semi-structured, in depth interviews, observations, and secondary documents. Data collection from interviews consisted of 15 interviews with 09 different people from four cases. Before the data analysis, coding and categorization
of respondents’ views from interviews helped to identify common patterns and themes from both within the case and across cases. The analysis was carried out in the light of Agency Theory and resulted
in a rich understanding of business advantages and disadvantages of family involvement in businesses
in Sri Lanka. The findings of this study indicated that the agency cost is created not only on business
matters but also on family matters. Further, findings revealed that agency benefit also can be obtained
by family business by handling the family matters carefully in line with business matters. Findings
of this study clearly indicated that an extension to Agency Theory is required to explain owner agent
relationship in family businesses.
Keywords: family business, family involvement, advantages (merit), disadvantages (demerit), agency
theory and Sri Lanka.

1

INTRODUCTION

Families and businesses have always, to large extent,
existed in a cycle and it has been argued that this
cyclical existence has benefited both the family and
businesses [1, 2]. At the same time, some other researchers are also in a view that cyclical existence
of families and business does not always provide
benefits to the business [3]. Moreover after 1990s the
field of family business emerged as a separate discipline and called for more research in the world [4].
Yet, no commonly agreed definition of family business can be found in family business literature either
locally or globally. Different studies have defined
family business differently in line with their study
purposes. This study treats the family business
as unique, inseparable, synergistic resources
and capabilities arising from family involvement
and interactions [5].

At the same time, the business world of Asia is
strongly linked to family and family run businesses
has been popular in many South Asian communities
[6]. As a South Asian country, Sri Lankan indigenous management and business practices developed
in a rich cultural heritage across 2500 years and has
been take care of largely by teachings of the Buddha,
a great philosopher and a social reformer [7]. Most
of the studies about Sri Lankan businesses have concluded that traditional Sinhalese Buddhism bears
some responsibility for retarding economic development through merit-making practices [8]. Over
generations, these values have influenced the thinking and actions of the people and their participation
in collective effort like performing businesses.
This business life has been subjected to turbulent
changes during the last couple of decades. However,
because of the rich history and tradition of strong
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family ties, family businesses have long been considered as a part of the culture. Yet, the private sector
of Sri Lanka has inherited its business tradition from
mercantilist functions of the colonial private entrepreneur. They centered the business on three major
plantation crops with a bias toward trade, commerce,
and services [9]. Majority of such firms which were
preliminary based on family ownership. Managerial
positions were largely reserved for technically competent family members and the individual firms’
behavior is largely influenced by families [10]. Accordingly, Sri Lankan business culture and its entrepreneurs have become largely family based
and rooted predominantly in the merchant capitalist
class [8].
Although family involvement in a firm distinguishes
these firms from others, studies on the family involvement in businesses are limited and results are
mixed. Especially very limited studies have been
conducted to examine advantages and disadvantages
of family involvement in businesses in Sri Lankan
business context where all family firms are not alike
as they vary significantly, among other aspects,
in terms of the extent and mode of family involvement. Even though studies about family businesses
generally emphasize the presence of the family in the
business, those studies seem to be idle in reviewing
the real impact created by family members to the
business. At the same time, most renowned Agency
theory, which explains owner-agent (manager) relation in business, seems to be not clearly explaining
the owner-agent relation in family businesses.
This knowledge gap has surfaced an irritating research question on family business, what and how
real effect is brought about by family involvement
in the business. In order to explore the phenomena
in believing multiple realities in the world, instead
of “what” and “why” research direction, the research
problem of this study remains as, “how family members’ involvement in business contributes to business
functioning in family owned firms in Sri Lanka”?
2

THEORETICAL BACKGROUND

In order to maintain the theoretical rigor to explore
the research problem, Agency Theory was employed
as theoretical lens of this study. Agency theory main-

ly discusses the relationship of business owner who
invested money in the business and agent (manager)
who serve for salary in the business on behalf
of owner. The theory is further about intraorganizational processes from an economic perspective and it generally refers to the various ways that
agents of a firm can influence the economic and noneconomic outcomes and behaviors of the firm [11,
12]. According to [11] and [13], Agency Theory
refers to the conflicts of interest between an agent
who act as a representative of a principal and owner
of the principal.
The basic assumption underlying Agency Theory
is that agents tend to be opportunists who, unless
monitored effectively, will exploit owner-principals.
It happens because of composition of a node of contracts. As a consequence, Agency Theory is applicable to all contractual relationships in the firm [14].
However, it focuses strongly on top managers because they are responsible for strategic level decision
making [11]. At the same time, Agency Theory
is based on fundamental of economics and its main
behavioral assumptions reflects; (1) agents and principals (owners) are rational, (2) agents and principals
are self-interested and (3) agents are more riskaverse than principals [11].
One of the main sub segments of this theory is agency cost. In business firms, shareholders mostly
do not have time, interest, capacity or incentive to be
involved in day-to-day management activities.
As a consequence, shareholders (principals) delegate
decision making to a smaller group, namely, management (agents). In one hand, this leads to opportunity costs, also called “agency costs” which
concern the cost to the principals to monitor the behavior of an agent to minimize agent opportunism
[15]. On the other hand, Agency Theory proposes
that the contract between principal and agent is the
main instrument for decreasing agency cost which
would be named as agency benefit. This contract
may include the development of a monitoring system
to ensure that behaviors and outcomes do not deviate
from the owners’ interests. It might also include
the establishment of an incentive system that intends
to reward the agent for outcomes that are important
to the principal (e.g., profitability, share price).
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Figure 1. Concept Indicator Model
(source: Researcher’s original construction)

Both agency cost and agency benefit in line with
Agency Theory can be observed in family firms.
The researcher of this study attempts to develop
an extension to Agency Theory through the agency
benefit and agency cost. Even though Agency Theory explains owner and agent relationship of a business, owner and agent becomes one person in most
cases of family businesses. At least, agent/s become/s very close relatives to owner/s. In this situation, both owners and managers of family business
would try to optimize one objective in the business
rather than optimizing their own different objectives
as owners and managers. As Agency Theory does
not provide enough explanation about owner agent
relationship of family business and, family and nonfamily businesses are significant different to each
other in case of owner agent relationship, the researcher of this study deserve to bring up enough
evidences to prove that a new framework / extension
of Agency Theory is required to explain the owner
agent relationship of family firms.
Based on the literature and theoretical reviews, following concept indicator model (Fig. 1) was developed by the researcher.
3

Objectives and methodology

 Objectives / aim of the study
The main objective of this study is to seek the possibility to extend the Agency Theory explaining owner
agent relationship in family firms clearly as family
businesses are relatively different to non-family
businesses. At the same time, owner agent relationship in family businesses also significantly differs

from other non-family businesses [11]. Accordingly,
main objective of this study is achieved through analyzing business advantages and disadvantages
of family involvement in family business. At the
same time, as sub-objective, this study explores how
business advantages and disadvantages are generated
by family involvement in family businesses. Business advantages and disadvantages generated
by family members were identified through agency
benefit and agency cost.
 Methodology of the study
In the process of exploring business advantages
and disadvantages of family involvement in businesses, the methodological stance for this research
remained in qualitative believing multiple realities
in the world. The researcher carried forward the research within interprevistic paradigm believing that
reality is subjective and it is mentally constructed
by individuals [16]. In order to understand the complex phenomena business advantages and disadvantages of family involvement in business which is
very significant to the context of the business, the
case study method was executed for this research.
At the same time, the merit and demerit of involvement in business by family members differ from
context to context in various aspects and it would not
be generalized at any point. Because of this, understanding the reality of generating merit and demerit
of business by family involvement in business, considering the features in family business over non
family business, the multiple case study approach
was used. It permitted the researcher to strive towards understanding the phenomenon of interest by
using several independent instrumental case studies
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to get an insight into the study area. Purposive sampling was used to select both cases and respondents.
Privately held, successfully progressive 04 family
businesses which of each firm has at least 25 years
of business history were selected as cases. These
selected family businesses are located in three different districts in Sri Lanka. From each case, existing
business owner and one family related manager who
has at least 05 years of experience in the business
were considered as respondents.
Data was collected mainly via semi-structured,
in depth interviews, observations, and secondary
documents such as minutes of meetings and annual
reports of selected family firms. At the primary data

collection, interview guide was partially modified
during the different rounds of data collection to better reflect the emerging themes. Interviews were
conducted during the period of January to April
2013. Data collection from interviews consisted
of 15 interviews with 09 different respondents from
four cases. Some of the respondents were interviewed four times in the interview process.
The summary of interviews is shown by Table 1.
All the interviews were recorded and then transcribed. Eleven out of fifteen interviews were conducted in English. The rest was conducted in their
mother tongue (Sinhala) and translated into English
by the researcher.

Table 1. Distribution of interviews by case and type of interviewee
(source: researcher’s original construction)
Case 1
Case 2
Case 3
A
B
A
B
A
B
1
2
1
2
1
2
A family executive/s
1
1
1
1
1
1
Current owner/founder
2
3
2
3
2
3
Total
Notes: “A” denotes no. of interviewees and “B” denotes no. of interviews
Item

Case 4
A
B
2
4
1
2
3
6

Total
A
5
4
9

B
10
5
15

Table 2. Main characteristics of respondents
(source: researcher’s original construction)
Name

Case
and status

Basic characteristics
age 45, 16 years’ experience
in the business, an engineer

Industry

Mr. Nishan

case 01, owner

Ms. Iresha

case 01, senior manager

Mr. Pradeep

case 02, owner

Ms. Kumari

case 02, manager

Mr. Sunil

case 02, manager

age 35, 15 years’ experience
in the business

optical and eye care

Mr. Vijitha

case 03, owner

age 60, 40 years’ experience
in the business

furniture production and sales

Mr. Shantha

case 03, owner

age 57, 35 years’ experience
in the business

furniture production and sales

Ms. Wimalawathie

case 04, senior owner

age 65, 42 years’ experience
in the business

foods and restaurant

Mr. Ramesh

case 04, senior manager

age 43, 12 years’ experience
in the business

foods and restaurant

age 43, 14 years’ experience
in the business
age 53, 20 years’ experience
in the business, specialist in eye
care
age 49, 15 years’ experience
in the business

machinery production and sales
machinery production and sales
optical and eye care
optical and eye care
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Before the data analysis, coding and categorization
of respondents’ views from interviews helped
to identify common patterns and themes from both
within-case and across-case analyses. While the
main data analysis strategy was pattern matching,
the unit of analysis of the study was a single case.
The analysis was carried out in the light of Agency
Theory and resulted in a rich understanding of nature
of family involvement in businesses in Sri Lanka.
The quality of the research was maintained by
demonstrating internal and external validity of the
study.
4

Results and discussion

This analysis of how family involvement brings advantages and disadvantages to business become more
valid as it is usually expected that family members
have more freedom to intervene in business issues
than intervening of non-family members. This freedom may lead to the abuse of the business by family
members and even if the family members show
goodwill in their actions, the business may be worse
off. As shown in Table 1 above, background information in details of respondents of interviews can be
summarized as shown in Table 2 below.
The emerged concepts in relation to family involvement consequences; advantages or disadvantages
of business are identified based on answers provided
by these respondents in interviews.
 Family involvement and business:
advantages
At the beginning of the analysis of how business
advantages are created by family involvement, it is
important to note the researcher observation in the
interview process. The researcher experienced that
respondents of cases were reluctant to express their
ideas directly. Either family involvement could be
advantageous or disadvantageous to their business,
respondents (both managers and owners) wanted
to show their togetherness and business success
which was tightened by family involvement.
As business advantages created by family involvement were identified through the agency benefits,
respondents’ exaggeration reflected minimum in the
analysis.
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Few of respondent’s quotations in interviews with
reference to business advantages created by family
involvement can be shown as below.
- “As top managers of the business, my brothers
and I have a great responsibility. We always work
together in order to achieve business objectives.
We discuss business matters even when we meet
at social functions. Always, no business secretes are
kept amongst us and trust is the key for us to take the
business forward.” (Case 02, respondent 01).
- “Commitment is the fundamental factor to make
a business successful. Dedication and genuine presence in the business is also required. If somebody
does not have ownership of business and if he works
for salary, he does not need to see business development. He wants only salary at the end of the month.”
(Case 01, respondent 01).
- “The advantage of employing family members
in the business is developing understanding or rather
mutual understanding.” (Case 04, respondent 02).
- “When it comes to my husband, he started right
from the bottom. Even when he was a small child he
used to come here and see this environment. His
father has always encouraged him to familiarize with
this environment when he was of Montessori age. He
was very rarely away from this business and this
business now has become an intrinsic part of his life.
He spent only a very less time at home with us.”
(Case 01, respondent 02).
In the analysis of business advantages generated by
family involvement in family businesses in Sri
Lanka, the results show that agency benefits of family involvement under categories of aligning principal
agent goals and sharing values among family members. It proves that family managers and executives
aspire for higher purposes in their jobs in case
of better business performance as they are not mere
employees in the business. They often act unselfishly
for the benefit of the organization [5]. The following
categorization of respondent views (Fig. 2) indicates
how business advantages are created by family involvement in family business in a situation where
family members perform as managers and owners
of the business. The main theme emerged in the
analysis is, family members are intrinsically motivated by higher level needs to act for the collective
work of their firms. They identify with the organization and embrace its objectives as their own objectives. They are committed to make it succeed, even
to the extent of personal sacrifice.
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Figure 2. Categorization of views of respondents for business advantages
(source: researcher’s original construction)

These attitudes would be especially prevalent among
family businesses in which leaders / managers are
either family members or emotionally linked with
the family. Such executives often commit deeply
to the mission of the business and omit personal
temporary benefits. They become treasure to its employees and stakeholders, and feel motivated to do
their best for the owning family and the organization
collectively [17]. But according to respondent’s
views, it could be that not all kinds of family businesses are likely to breed such relationship in owners
or their agents. Despite advantages, the analysis
views about some disadvantages (demerit) of having
family members in the family businesses as well.
 Family involvement and business: disadvantages
Family involvement in the business becomes a two
sided coin which consist of both advantages
and disadvantages [3]. In the analysis of how family
involvement generates business disadvantages
to family business can be looked through agency
cost. According to respondents, especially after the
founder hands over control of the business to his
or her followers, quarrels among siblings or cousins
can interfere. Those concerns of the business normally become agency cost for the business as family
members are still strong enough to make better issues than non-family members. Some of the quotations provided by respondents in the interview
process can be shown below.
- “We can’t exactly say that family involvement
always creates advantages to the business. It depends
on their positions, education, attitudes and etc.
Sometimes, the company can incur huge losses be-

cause of unnecessary family member interferences.”
(Case 02, respondent 02).
- “My husband’s father and his brothers managed
group of this business. His brothers had left this firm
after getting their share. It means that the company
has been divided among brothers. That was about
few years ago and because of that our finances are
limited.” (Case 04, respondent 01).
- “I travel to a foreign country at least once in six
months. Whatever situation is in the business, it is
not a great concern.” (Case 03, respondent 02).
- “Our main target is to carry forward this business in this competitive environment because, people
know us only through this business and we got this
from our father.” (Case 03, respondent 01.)
Disadvantages of family involvement are concerned
under the categories of failure in monitoring family
members and emerging complicating goals in the
family. More than anything, the motive of the family
member who is engaged in the business is a great
concern. According to the respondents’ view, the
interplay between the family and the business may
become critical in some situations when family
members much affiliated to the business. Conditions
that may intensify problems like role ambiguity,
communication difficulties among family members,
and business decisions which negatively affect families. According to the agency theory, monitoring
activities needed to manage agency cost. Agency
costs arise when the interest of the managers are not
aligned with that of owners and take form of preference for the job perks, shrinking, and making selfcentered and entrenched decisions that reduce the
shareholder wealth [5]. Ultimately, respondents’
views of making business disadvantages by family
involvement can be summarized as Fig. 3 below.
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Figure 3. Categorization of views of respondents for business disadvantages
(source: researcher’s original construction)

 Family involvement and business: advantages
and disadvantages
In the analysis, business advantages of family involvement are identified through the sub categories
of the alignment of the principle – agent goal and
shared values among family members. Business
disadvantages of family involvement are identified
through the sub categories of failure in monitoring

Generating
agency cost

and conflicting goals in the family. At the end of the
analysis, in case of answering the main research
problem of this study, the way that both advantages
and disadvantages creation by family involvement
reflect by following Fig. 4. This result is shown as
per respondents’ views in interviews of family involvement in their businesses.

Inability of
monitoring family
memebrs
Emerging conflicting
goals in the family

Family
involvement

Aligning principal‐
agent goals
Generating
agency benefits

Sharing values
among family
members

Setting conservative
attitudes

Setting narrow
ambitions
Being loyalty
Being trustworthy
Being honesty

Figure 4. Business advantages and disadvantages created by family involvement in businesses in Sri Lanka
(source: researcher’s original construction)

By looking in details about business advantages and
disadvantages of each category of the analysis, some
interesting themes related to family involvement
emerged when research question is looked through
Agency Theory. One of the emerging insider themes
which can be considered as a key finding of this
study is that agency cost is created not simply because of business matters but because of family matters. At the same time, the management/ governance
of the family business is not based on contemporary
management /governance practices and they are
more connected to family relation. Agency benefit
also can be obtained by family business by handling
the family matters carefully with business matters as
family matters very closely related to business objec-

tives. Some of agency benefits to the business by
family managers are preoccupied by default.
The whole analysis of business advantages and disadvantages of family involvement in business is
compatible with one theme provided that the weight
of these merits and demerits can vary sharply according to business type or industry. Both advantages
and disadvantages generated by family involvement
depend on the motive of individual family member.
The broad term motive in this case can narrow down
as business goal (common / family goal) and individual goal because for both goals, family members
are motivated to be involved in business matters.
The main theme that surfaced through this analysis is
that when a family member who involves in the
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business having individual goals which deviate from
the business goal results in demerit (agency cost)
to the business. At the same time, when a family
member involved in the business having business
goals than individual goals result in merit (agency
benefit) to the business. Based on above findings
of this study it is clear that Agency Theory should be
further expanded making reservations to explain
owner agent relationship in family business.
5

Conclusion

Based on understanding of aim of this study, an expansion to Agency Theory is proposed as owner
agent relationship of family business differs from
other business. The evidences to prove the requirement of expansion to Agency Theory were identified
mainly through business advantages and disadvantages of family involvement of the business.
It was obvious in the study that some of the features
of owner agent relationship of business remain unchanged for family business. Those features are well
accommodated in Agency Theory as well. Yet, when
owners and agents of a business optimize the same
objectives in a business, the situation become insignificant to Agency Theory. It proves that family
business makes the owner agent conflict of interest
different to what really explained in Agency Theory.
This finding signals that Agency Theory should be
revisited to make an extension to accommodate
owner agent relationship in family businesses. While
theoretically revisiting of the Agency Theory is proposed, practically the results of this study would be
useful for family business owners, managers
and governors to take their business administration
decisions different to non family businesses. Accordingly, the findings of the study will help family business managers to take their business related
decisions effectively and efficiently.
6
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GENERATIONAL DIFFERENCES IN ORGANIZATIONAL JUSTICE PERCEPTIONS:
AN EXPLORATORY INVESTIGATION ACROSS THREE GENERATIONAL COHORTS
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University of South Africa, Department of Industrial and Organisational Psychology, South Africa
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Abstract: Despite several reviews of generational differences across cohorts regarding their career
stages in organizations, relatively few empirical investigations have been conducted to understand cohorts’ perceptions. Hence, there is paucity of studies that explored differences on the construct organizational justice across generational cohorts. The objective of this study was to explore the differences
across three generational cohorts (Millennials, Generation X, and Baby Boomers) on dimensions of the
organizational justice measurement instrument (OJMI). Data was collected through the administration
of OJMI to a random sample size of organizational employees (n = 289). Descriptive statistics
and analysis of variance were conducted to interpret the data. These findings provide evidence that differences do exist across cohorts on dimensions of organizational justice. In terms of contributions
and practical implications, insight gained from the findings may be used in proposing organizational
development interventions to manage multigenerational employees as well as to conduct future research.
Keywords: organizational justice, public service, injustice, generational cohorts.

1

Introduction

Research on organizational justice proposes that
justice has an impact on performance-related factors
in organizations. Literature indicates that organizational justice perceptions lead to employee commitment and trust [3]. It is also argued that justice
improves employees’ job performance in an organization [6]. This improved performance occurs because employees who perceive just and fair practices
in their organization are inclined to want to perform
better as a form of reciprocity [10]. Organizational
justice affects what employees believe about the
organization as a whole because when the internal
processes are perceived as just, employees are inclined to show greater loyalty and are more willingness to behave in the organization’s best interests [5,
6]. Just treatments of employees also lead to organizational citizenship behaviors that “spill over” to
customers [2]. In other words, organizational justice
has a positive impact on employees’ organizational
citizenship behavior, loyalty, and customer satisfaction.
Generational cohorts reportedly hold different perceptions of each other; these perceptions can result
in conflict and misunderstandings in the workplace.

Generational cohorts in the workforce, such as Millennials, Generation X, and Baby Boomers, differ
from each other in ways that are important for managers [18]. The reason that the generational cohorts
differ from another in ways that matter to managers
is because the differences between generations are
theorized to derive from major influences in the environment within which early human socialization
occurs. These influences have an impact on the development of personality, values, beliefs, and expectations that, once formed, are stable into adulthood
[18]. In South Africa, there is paucity of studies investigating organizational justice, in relation to organizational justice differences across generational
cohorts. Studies locally on organizational justice
focused only on its relationship with employment
equity [8], disciplinary procedures [31], and organizational attractiveness [23].
Hence, there is limited research that could be found
regarding organizational justice and generational
cohorts within the context of the South African public service. This study seeks to explore the differences across three generational cohorts (Millennials,
Generation X, and Baby Boomers) on dimensions
of the organizational justice construct in a South
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African public service organization, namely, government department.
2

Literature review

The following literature review firstly focuses on the
definition of organizational justice and its dimensions. In addition, the different types of generational
cohorts that are found in the workplace are identified
and discussed.
2.1

The construct organizational justice

The construct organizational justice was introduced
to describe an employee’s perception of their organization’s behaviors, decisions, and actions and how
these influence the employees’ own attitudes
and behaviors at work [12]. In other words, organizational justice is a personal evaluation of the ethical
behavior of all organization’s members [31].
This definition of organizational justice is a descriptive approach that seeks to understand why employees view certain events as just and fair as well as the
consequences that follow from these evaluations
[5, 6]. Hence, justice within the organization is
viewed as a subjective and descriptive concept because it captures what the individual employees believe to be right, rather than an objective reality or a
prescriptive moral code.
In contrast to the positive influence of organizational
justice on employee’s attitudes and behavior,
an injustice within an organization is perceived
as a corrosive solvent that can dissolve bonds within
the organization; hence, unfair practices within
the organization are hurtful to employees and harmful to the organization itself [5, 6]. It is argued that
the results of unfair treatment by employees may
include emotions of anger and resentment, lower
production quantity and quality, greater absenteeism,
greater turnover, less initiative, lower morale, lack
of cooperation, spread of dissatisfaction to coworkers, fewer suggestions, and less self-confidence [31].
It is, therefore, essential that organizations are able
to identify and address factors within the organization that are likely to engender their employees’
positive perception of organizational justice.

2.2

Dimensions of organizational justice

There are four types or dimensions of organizational
justice, namely, procedural justice, distributive justice, interpersonal justice, and informational justice
[3].
Distributive justice is the first fairness construct
studied that focuses on the perceptions of fairness
in the distribution and allocation of outcomes [23].
It focuses on the organizational reality that not all
employees are treated alike and that the allocation
of outcomes is differentiated in the organization [5,
6]. Second, procedural justice refers to the means
by which outcomes are allocated but not specifically
to the outcomes [5,6]. It relates to the fairness of the
formal procedures required by the organization
and its policy on the method of decision-making [21,
3]. Third, interactional justice refers to the perceived
fairness of the interpersonal treatment used within
the organization to determine outcomes [3]. It focuses on the sensitivity, politeness, and respect employees receive from their superiors during procedures.
This serves primarily to alter reactions to outcomes,
because sensitivity can make people feel better even
if the outcome is unfavorable [23]. Lastly, informational justice is described as to whether one is truthful and provides adequate justifications for their
actions and decisions in the organization [5, 6].
It refers to the explanation, justification, or information provided by decision-makers as to why outcomes were distributed in a certain way [23, 22].
This type of justice requires that the information
should be comprehensive, reasonable, truthful, timely, and candid in nature.
In addition to the four dimensions, there are five
dimensions that explain organizational justice, namely, ethical leadership and management, strategic
direction justice, service delivery innovation, customer relations, and diversity management justice [1,
4]. Organizational justice is a positive perception
of the ethical and moral standing of the organization’s leadership and managerial conduct or practices
[5, 6]. Ethical leadership and management as an
aspect of justice implies that the leader and manager
possess and promote justice values in the organization such as honesty, integrity, openness, compassion, humanity, equality, trust, recognition, and
empowerment [4, 33].
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Creating a justice-oriented strategic direction for the
organization is one of the ways in which the organization is able to indicate its concern for the fair development and ethical execution of its purpose. Fair
development of the strategic direction focuses
on consultation with the relevant stakeholders during
the decision-making process, which includes employees, managers, clients, customers, and labor
organization [6, 4]. Service delivery and innovation
as a dimension of justice highlights the responsibility
of employers and employees in ensuring that they
create a just and fair image of the organization with
regard to the development and delivery of services
or products [4]. Regardless of how the service organization defines their service and how customers
or clients perceive the service, a delivered service
should function seamlessly in order for customers
to perceive it correctly (fair and just) [11]. Customer
relation justice is basically concerned with maintaining positive relationships with customers, increasing
customer loyalty, and expanding customer lifetime
value [4, 16]. Therefore, customer relations practices
in the organization that are fair and just can help
organizations manage customer interactions more
effectively. An organization that is devoted to diversity management justice is able to give the impression that the organization has established systems
that fairly evaluate, promote, and compensate its
employees based on performance and ability rather
than on criteria such as gender, race, nationality,
or age [19, 22] .
The above nine dimensions of organizational justice
are essential in understanding and measuring
the construct in this study.
2.3

Generational cohorts

Today’s workforce presents unique leadership challenges as employees, managers, and leaders in public
service organizations are from different generations
representing unique attitudes, beliefs, work habits,
and experiences, as they work together on operational teams. Although the different generations in the
workforce can present leadership challenges,
the diversity of the different age groups can also add
richness and strength to the organization if all employees are valued for their contributions. The construct generational cohort refers to an “identifiable
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group that shares birth years, age location, and significant life events at critical developmental stages”
[17, p. 66]. Generational cohorts are defined as
groups of people who share birth years, history,
and a collective personality as a result of their defining experiences [22, 34].
Literature indicates that within the work context,
there are three generational cohorts that have been
identified, which are Baby Boomers, Generation
Xers, and Millennials [20, 27, and 30].
Baby Boomers as the first generational cohort; they
were born between 1946 and 1964. In terms of their
childhood development, they were raised in the economic prosperity of the post-World War II, and lived
through the most dramatic changes in history. Baby
Boomers in an organizational context are considered
to be loyal, committed, goal oriented, and driven by
rewards, and they value work more than the younger
generations because they see work as being more
central to their lives [27]. They are described as the
most egocentric generation; they have spent their
lives rewriting the rules [34].
Generation Xers are the second generational cohort
who were born between 1965 and 1980. In an organizational context, they are currently dominant in the
workforce as Baby Boomers are approaching retirement phase in their career. Generation Xers differ
from the first generational cohort, because in organizations, they are considered to be independent and
individualistic, placing more value on work–life
balance, increased pay, material possessions, and
their own careers over being loyal to their organizations [30]. This generational cohort has the privilege
that technology underwent major advances during
their formative years and has become an important
part of their lives [15].
Millennials or Generation Y are the third generational cohort who were born between 1981 and 1999.
They are the youngest generation cohort replacing
Baby Boomers in the workplace with shared experienced on technological advancements and the
knowledge economy. Millennials in an organizational context are described as valuing freedom, high
expectation on promotions and pay increases, virtual
work environment, and meaningful and fulfilling
work [13]. Their advanced exposure to technology
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makes them to be a global generation, and they are
able to accept multiculturalism as a way of life [25].
It is critical for managers and leaders in organization
to understand each generational cohort and accommodate generational differences in attitudes, values,
and behaviors. This insight will help them to capitalize on generational differences; these differences can
be used to address perceptions of organizational
injustices and to enhance the performance of the
entire organizational workforce. It is important that
every employee is held to the same work expectations, organizational policies, and procedures; yet
managers and leaders in public service organizations
should also consider individual employee’s needs
and generational differences. Organizational practices that are able to accommodate generational perceptions and address negative perceptions on
organizational justice will help to promote an environment of high performance, integrity, and employee retention. It is against this background that it is
hypothesized that: there are significant differences
between the generational cohorts regarding their

organizational justice perceptions in a public service
organization.
3

Research design and methodology

In order to achieve the purpose of this study, a crosssectional survey was used, which refers to a design
that collects data at one point in time from one sample representing the larger population [32]. The design of this study was a quantitative research.
The following discussions outline the participants
and sampling strategy and measuring instruments
of this study.
3.1

Participants and sampling strategy

Sample population of this study comprised of permanent employees of a public service organization.
The study adopted a random sampling technique
to determine the sample size [29, 32] . The participants were requested to complete the questionnaire,
resulting in a final sample size of 289 respondents.

Table 1. Generational cohorts of the sample (n = 289)
Parameter

Frequency

Percentage (%)

Millennials born between 1978 and 2000

115

39.8

Generation Xers born between 1965 and 1977

110

38.1

Baby Boomers born between 1946 and 1964

64

22.1

Generational cohorts / Age group

In terms of Table 1, the sample of this study comprised of three generational cohorts. The participants
included 22.1% (n = 64) of Baby Boomers who are
born between 1946 and 1964, 38.1% (n = 110)
of Generation Xers who are born between1965
and 1977, and 39.8% (n = 115) of Millennials who
are born between 1978 and 2000.
The sample results that are presented in Table 2 indicate that the sample size was skewed toward females
were 59.5% (n = 172) and males 40.5% (n = 117).
In terms of the different race groups represented by
the participants, 78.9% (n = 228) were African; 9.7%

(n = 28) were white; 8% (n = 23) were colored,
and 3.5% (n = 10) were Indian. Table 2 also reflects
the participants’ current position composition which
indicates that 17% (n = 49) are in management positions, 46.3% (n = 134) occupied professional
and specialist position, and 36.7% (n = 106) are employed as general workers. The majority of the participants at 56.8% (n = 164) have between 1 and 5
years of service with the organization.
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Table 2. Sample demographic profile (n = 289)
Parameter

Frequency

Percentage (%)

Male

117

40.5

Female

172

59.5

African

228

78.9

Colored

23

8.0

Indian

10

3.5

White

28

9.7

1–5 years

164

56.8

6–10 years

63

21.8

11–15 years

41

14.2

Over 16 years

21

7.2

Management

49

17

Professional and specialist

134

46.3

General workers

106

36.7

Gender

Race

Years of service

Current position

3.2

Measuring instrument

The questionnaire consisted of two sections. Section
A measured the participants’ biographical details
which included race, age group, gender, years
of service, and current position.
Section B consisted of the measuring instruments,
Organizational Justice Measurement Instrument
(OJMI).
The OJMI is virtually a self-administering survey
and consists of 59 statements measuring the nine
dimensions of justice, namely, strategic direction,
distributive, procedural, interactional, informational,
service delivery innovation, customer relations, diversity management, and ethical leadership and
management. The statements of the questionnaire
were configured using the five-point Likert scales
ranging from 1 as strongly disagree to 5 as strongly

agree. In the present study, the reliabilities of the
dimensions were used to assess the construct validity, and it was measured using the Cronbach’s alpha
coefficient. The Cronbach’s alpha coefficients
for the nine organizational justice dimensions are
presented in Table 3. The results of the coefficients
are considered to be satisfactory because they were
significantly greater than the recommended 0.70
[29]. They vary from 0.94 (distributive), 0.94 (ethical leadership and management), 0.90 (service delivery innovation), 0.884 (strategic direction), 0.86
(interactional), 0.88 (informational), 0.86 (procedural), 0.81 (diversity management), and 0.79 (customer
relations). Overall, the reliability coefficient of the
OJMI is 0.95.
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Table 3. Number of items and reliabilities for the OJMI
Dimensions

Number of items

Reliability

Distributive justice

12

0.94

Ethical leadership and management

11

0.94

Service delivery innovation

6

0.90

Strategic direction justice

5

0.88

Interactional justice

5

0.86

Informational Justice

7

0.88

Procedural justice

5

0.86

Diversity management justice

4

0.81

Customer relations justice

4

0.79

Overall

59

0.95

Organizational justice dimensions (OJMI)

3.3

Research procedure

Data in this study was collected using a crosssectional quantitative survey research design.
This type of survey is relevant because it allows
for the collection of data from respondents about
their perception [29, 32]. Ethics Committees of the
public service organization and research institution
granted the researcher the ethical clearance to conduct the study in the organization. All employees
in the organization were invited to participate voluntarily in the study through an electronic invite.
The process of questionnaire completion, which
included a covering letter, was facilitated by the
researcher through a group administration session.
Covering letter outlined the purpose of the study,
and it also described the ethical conduct principles
of the research process such as anonymity, confidentiality, feedback, and freedom of choice to participate in the study. The researcher collected completed
questionnaires immediately after the sessions,
and the questionnaires were kept in a secure place
before being captured, coded, and analyzed.
3.4

Statistical analyses

To analyze the data of the empirical study, the Statistical Package for Social Science (SPSS version 20)
was used [22]. Descriptive statistics (means and
standard deviations) and Cronbach’s alpha coeffi-

cients were conducted in order to determine the internal consistency reliability of the measuring instrument of this study, namely, OJMI. In terms
of inferential statistics, the correlational analysis
and analysis of variance (ANOVA) were conducted
to determine the differences between the three generational cohorts on organizational justice perceptions.
4

Results

The means and standard deviations as the descriptive
statistics were also conducted for the variables
of organizational justice and generational cohorts,
in addition to the Cronbach alpha results presented
above in Table 3.
Table 4 presents the mean scores and standard deviations of the organizational justice measuring instrument used in this study. In terms of the
organizational justice dimensions, the sample of the
participants reflected positive organizational justice
perceptions, and the three generational cohorts obtained the mean scores of above 3.00. Millennials
obtained the highest mean scores on all the dimensions and their overall OJMI mean score (m = 3.71),
followed by the Baby Boomers (m = 3.45), and Generation Xers have the lowest overall OJMI mean
(m = 3.40).
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Table 4. Generational cohorts’ means and standard deviations for organizational justice dimensions
Organizational Justice
Dimensions

Distributive Justice

Ethical leadership
and management

Service delivery
and innovation

Strategic
direction justice

Interactional justice

Informational justice

Procedural justice

Diversity justice

Customer relations justice

OJMI

Mean

Sample (n)

Standard
Deviation

Millennials (1978 and 2000)

3.51

115

0.89

Generation Xers (1965 and 1977)

3.23

110

1.05

Baby Boomers (1946 and 1964)

3.10

64

0.94

Millennials (1978 and 2000)

3.58

115

0.84

Generation Xers (1965 and 1977)

3.26

110

0.99

Baby Boomers (1946 and 1964)

3.28

64

0.92

Millennials (1978 and 2000)

3.78

115

0.93

Generation Xers (1965 and 1977)

3.39

110

1.04

Baby Boomers (1946 and 1964)

3.53

64

0.97

Millennials (1978 and 2000)

3.76

115

0.79

Generation Xers (1965 and 1977)

3.45

110

1.01

Baby Boomers (1946 and 1964)

3.63

64

0.98

Millennials (1978 and 2000)

3.95

115

0.69

Generation Xers (1965 and 1977)

3.68

110

0.98

Baby Boomers (1946 and 1964)

3.86

64

0.89

Millennials (1978 and 2000)

3.89

115

0.71

Generation Xers (1965 and 1977)

3.59

110

0.94

Baby Boomers (1946 and 1964)

3.60

64

0.81

Millennials (1978 and 2000)

3.68

115

0.80

Generation Xers (1965 and 1977)

3.19

110

0.99

Baby Boomers (1946 and 1964)

3.30

64

0.91

Millennials (1978 and 2000)

3.65

115

0.79

Generation Xers (1965 and 1977)

3.41

110

1.09

Baby Boomers (1946 and 1964)

3.57

64

0.92

Millennials (1978 and 2000)

3.82

115

0.78

Generation Xers (1965 and 1977)

3.66

110

0.84

Baby Boomers (1946 and 1964)

3.71

64

0.86

Millennials (1978 and 2000)

3.71

115

0.65

Generation Xers (1965 and 1977)

3.40

110

0.82

Baby Boomers (1946 and 1964)

3.45

64

0.73

3.53

289

0.74

Generational Cohorts

Overall OJMI
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Table 5. Intercorrelations of the OJMI dimensions and reliabilities
Factors

D1

D2

D3

D4

D5

D6

D7

D8

D1:
Distributive justice

0.946

D2:
Ethical leadership
and management

.779**

0.942

D3:
Service delivery
innovation

.672**

.791**

0.909

D4:
Strategic direction

.633**

.581**

.576**

0.884

D5:
Interactional justice

.399**

.434**

.378**

.596**

0.862

D6:
Informational justice

.648**

.720**

.665**

.631**

.591**

0.887

D7:
Procedural justice

.801**

.811**

.697**

.669**

.499**

.773**

0.863

.633**

.664**

.600**

.566**

.589**

.831**

.705**

0.815

.629**

.741**

.643**

.657**

.640**

.785**

.679**

.715**

D8:
Diversity management
D9:
Customer relations

D9

0.799

n = 289; Alpha coefficients are presented in bold values.
** Correlation is significant at the 0.01 level (2 tailed): p ≤ 0.01 and p < .01.

The overall mean scores for all the three generational
cohorts and the overall mean score of OJMI (m =
3.53) are also between the “agree” and “strongly
agree” ratings on the Likert scale, indicating the
employees seem to have satisfactory or positive perceptions of organizational justice.
The intercorrelations between the dimensions of
organizational justice measured by the OJMI are
presented in Table 5. All the dimensions of organizational justice correlate significantly with each other,
namely, strategic direction, distributive, procedural,
interactional, informational, service delivery innovation, customer relations, diversity management,
and ethical leadership and management. Their correlations range from a minimum of r = 0.399 (p =
<0.01) to a maximum of r = 0.831 (p = <0.01).

The results of the ANOVA to determine significant
differences in organizational justice perceptions
mean scores for generational cohorts are depicted
in Table 6. The overall results indicates that the three
generational cohorts differ significantly in terms
of the overall organizational justice mean score
(p ≤ 0.01). In addition, the cohorts differ significantly in the dimensions distributive (p ≤ 0.05), ethical
leadership and management (p ≤ 0.05), service delivery and innovation (p ≤ 0.05), strategic direction
(p ≤ 0.05), interactional, informational (p ≤ 0.05),
and procedural justices (p ≤ 0.000).
Table 7 also indicates that there are a significant
difference between the mean scores of the Millennials, Generation Xers, and the Baby Boomers in several dimensions of organizational justice.
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Table 6. Analysis of variance (ANOVA)
Sum
of Squares

df

Mean
Square

F

Sig.

between groups

8.139

2

4.069

4.347

0.014*

within groups

267.723

286

0.936

total

275.861

288

between groups

6.832

2

3.416

3.988

0.020*

within groups

244.972

286

0.857

total

251.804

288

between groups

8.954

2

4.477

4.576

0.011*

within groups

279.829

286

0.978

total

288.784

288

between groups

5.449

2

2.724

3.170

0.043*

within groups

245.755

286

0.859

total

251.204

288

between groups

3.969

2

1.985

2.703

0.069*

within groups

210.032

286

0.734

total

214.001

288

between groups

6.152

2

3.076

4.455

0.012*

within groups

197.480

286

0.690

total

203.632

288

between groups

14.520

2

7.260

8.870

0.000***

within groups

234.086

286

0.818

total

248.607

288

between groups

3.259

2

1.630

1.828

0.163

within groups

254.950

286

0.891

total

258.209

288

between groups

1.461

2

0.731

1.075

0.343

within groups

194.303

286

0.679

total

195.764

288

between groups

6.046

2

3.023

5.572

0.004**

within groups

155.163

286

0.543

Dimensions

Distributive Justice

Ethical leadership and management

Service delivery and innovation

Strategic direction justice

Interactional justice

Informational Justice

Procedural justice

Diversity justice

Customer relations justice

OJMI

Note: ***p ≤ 0.000; **p ≤ 0.01; *p ≤ 0.05
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Table 7. Multiple comparison results
Organizational
justice

Distributive Justice

Ethical leadership
and management

Service delivery
and innovation

Generational

born between 1978
and 2000

born between 1978
and 2000

born between 1978
and 2000

Strategic direction
justice

born between 1978
and 2000

Interactional justice

born between 1978
and 2000

Informational justice

Procedural justice

OJMI

born between 1978
and 2000

born between 1978
and 2000

born between 1978
and 2000

Mean Difference

Standard
Error

Significance

born between 1965
and 1977

0.281

0.129

0.089

born between 1946
and 1964

0.409*

0.150

0.021

born between 1965
and 1977

0.320*

0.123

0.030

born between 1946
and 1964

0.302

0.144

0.111

born between 1965
and 1977

0.394*

0.131

0.009

born between 1946
and 1964

0.257

0.154

0.290

born between 1965
and 1977

0.310*

0.123

0.038

born between 1946
and 1964

0.129

0.144

1.000

born between 1965
and 1977

0.262*

0.114

0.067

born between 1946
and 1964

0.082

0.133

1.000

born between 1965
and 1977

0.302*

0.110

0.020

born between 1946
and 1964

0.290

0.129

0.077

born between 1965
and 1977

0.490*

0.120

0.000

born between 1946
and 1964

0.380*

0.141

0.022

born between 1965
and 1977

0.311*

0.098

0.005

born between 1946
and 1964

0.260

0.114

0.072

(J) Cohorts

Note: ***p ≤ 0.000; **p ≤ 0.01; *p ≤ 0.05

The following dimensions reflected differences
among the three cohorts:
 First, the significant differences in the dimension
distributive justice (0.409*) imply that Millennials
scored high with the mean score of 3.51 when
compared to the Baby Boomers with the mean
score of 3.10 in this dimensions.
 Second, the significant differences in the dimension ethical leadership and management (0.320*)
suggest that Millennials scored high with the

mean score of 3.58 when compared to the Generation Xers with the mean score of 3.26 in this dimensions.
 Third, the significant differences in the dimension
service delivery and innovation (0.394*) indicate
that Millennials scored high with the mean score
of 3.78 when compared to the Generation Xers
with the mean score of 3.39 in this dimensions.
 Fourth, the significant differences in the dimension strategic direction justice (0.310*) reflect that
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Millennials scored high with the mean score
of 3.76 when compared to the Generation Xers
with the mean score of 3.45 in this dimensions.
 Fifth, the significant differences in the dimension
interactional justice (0.262*) reflect that Millennials scored high with the mean score of 3.95 when
compared to the Generation Xers with the mean
score of 3.68 in this dimensions.
 Sixth, the significant differences in the dimension
informational justice (0.302*) indicate that Millennials scored high with the mean score of 3.89
when compared to the Generation Xers with the
mean score of 3.59 in this dimensions.
 Lastly, the significant differences in the dimension procedural justice between Millennials when
compared with Generational Xers (0.490*) and
Baby Boomers (0.380*) highlight that Millennials scored high with the mean score of 3.68 when
compared to the Generation Xers with the mean
score of 3.19 and Baby Boomers with the mean
score of 3.30 in this dimensions.
These results indicate that there were no significant
mean score differences between the three generational cohorts in the dimensions diversity and customer relations justice.
5

Discussion and implications

To date, there has been little research of generational
difference on organizational justice within the context of a public service organization. An examination
of the literature review indicates that organizational
justice is positively associated to work performance,
commitment, trust, retention, job satisfaction,
and employee wellness. The aim of this study was
to explore the role of organizational justice on employees’ levels of work engagement.
The results indicate that both the OJMI have acceptable levels of internal consistency within the
multicultural context of the South African public
service organization. The correlational analysis
shows that there is a positive correlation between
organizational justice dimensions. The results of the
mean as the descriptive statistic indicates that employees of the public service organization seem
to have positive perception of all organizational jus-
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tice dimensions, namely, interactional justice, customer relations, informational, strategic direction,
service delivery and innovation, diversity management, procedural, ethical leadership and management, and distributive justice.
When assessing the differences between the generational cohorts, post hoc comparisons revealed a consistent trend that Millennials were significantly
higher in their mean scores than both Generation
Xers and Baby Boomers on all dimensions of organizational justice. This indicates that Millennials generation seems to have a more positive perception that
their organization is just and fair in its practices.
The mean differences between Baby Boomers
and the two other cohorts, however, may reflect agerelated changes to some extent [24]. Although Generation Xers mean scores were higher than Baby
boomers in five dimensions (distributive, ethical
leadership and management, service delivery innovation, interactional, and customer relations justice),
there were no significant differences between
the two generational cohorts. This pattern appears
to suggest that Millennials demonstrated the highest
positive perception of organizational justice across
the three cohorts. Literature indicates that these generational differences may be partially attributable
to age or the career stages of the three generations
[20]. Millennials with respect to the age at which
they completed the OJMI were significantly younger
than the participants representing Generation Xers
and the Baby Boomer cohorts [24, 20]. This implies
that younger employees are inclined to have high
positive perceptions on organizational justice. These
positive perceptions by young employees may also
be attributed to the human resource practices of the
knowledge economy organization, which endorses
high performance as criteria for promotions and remuneration increases rather than seniority or years
of service in an organization. In addition, the use
of technology in today’s organizations may be another factor that may be attributed to the positive
perceptions.
This study has several practical implications for employees and organizations. First, these finding are
noteworthy because it gives organizations inexpensive means of enhancing their employees’ positive
perception on organizational justice.
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Second, practitioners and managers in public service
organizations need to identify generational differences that influence organizational justice perceptions. Lastly, organizations are able to develop
relevant interventions to ensure positive perceptions
of organizational justice when managing multigenerational groups; ultimately, this may help to create
a more engaged workforce in the public service organization.
6

Conclusions, limitation, and recommendations for future research

This study aimed to provide insight into the generational differences of employees in a public service
organization regarding their organizational justice
perceptions. The purpose of this study was achieved
because the results explain the generational differences between the Millennials, Generation Xers,
and Baby Boomers cohorts’ perception of organizational justice. Young generation in this organization
that are Millennials seems to have a high positive
perception of their organization in terms of its practices and processes of creating a fair and just work
environment.
Limitation of this study is that it cannot be generalized to other organizational context other than the
one from which data were gathered. Participants
of this study sample are from a single organization
in a specific public service organization. This approach reinforces the internal validity of this study;
but it also limits its external validity. Conducting
a cross-sectional study rather than a longitudinal
design has challenges and limitations in establishing
a causal relationship between the variables being
studies.
In terms of future research, it is that a replica of this
study be conducted in a variety of organizational
context in order to allow the results to be extrapolated to other context. A longitudinal studies would
also assist in establishing a causal relationship between organizational justice and generational cohorts.

7
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Abstract: The authors are interested in some aspects of a development project entitled “The methodology of risk assessment for the purposes of crisis management system RP (ID 193751)”. The project
funded by the National Research and Development Centre under the Competition 3/2012 (security
and defense). As part of the project the following items were reviewed and analyzed: materials related
to the Government Security Centre, already completed and available products of the project ID 193751,
and literature relating to, among other things, crisis management, critical infrastructure, business continuity, security, and threats. The basic emphasis of the article is focused on the resource-critical infrastructure interpretation of the state, whereby the state is perceived as a complex administrative structure
in which, on the basis of external and internal interactions of resources, the risk of threats measurement
is done.
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1

Introduction

The material analysis carried out during the work
on the project1 ID 193751, funded by The National
Research Centre, showed that it is devoted mainly
to pragmatic issues having to do with analyzing,
evaluating and ensuring the security of the critical
infrastructure (CI) of the state. There is no theoretical apparatus that would allow:
 uniform interpretation and modeling of CI,

modification of the functional aspects do not cause
significant structural changes to the adopted solutions [1-4, 8].
Since we are considering in this paper the safety
of CI, we use the resource approach based on the
concept of resources, interpreted as a part of material
reality (physical) or virtual (e.g. conceptual, information, metalinguistic), which is a non-empty set
of features and their values [6].

 the carrying out of integral analysis related to the
risk associated with crisis and crisis management
at all levels and in all areas related to CI,

2

 a dynamic analysis of the structure and functioning of CI.

Designing systems with organizational and technical
characteristics specific for the resources can be implemented in many ways. The main difficulty lies in
the proper selection of the methodological apparatus
of systems theory. The key to a solution is the separation the functional aspects of the proposed system
from its structural features that any modification of
its structure does not cause “structural revolution”
for the previously obtained solutions [1, 6, and 8].

It seems that the solution might be to treat CI as an
organizational and technical system, and to choose
the appropriate methodological apparatus of systems
theory to its modeling and analysis, as well as separating the functional aspects of the proposed system
of its structural features – so that the operational
1

The main objective of the project ID 193751 is to develop a
methodology for estimating the risk of a crisis, including the
destruction or disruption of the state’s critical infrastructure,
adapted to the requirements of planning documents and software
developed for the purpose of a crisis management system.

The genesis of the subject of research
and comparative analysis

The sine qua non of a satisfactory design and its
implementation is the definition of the axioms’ proper functioning (operation) of the future system.
On the basis of the axioms’ proper functioning one
can construct theories and theorems, and prove
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the design’s correctness (completeness and noncontradiction) as it pertains to the systems [10].
The determination of the variables and the aggregation of data are basic operations done in preparation
of the Multi-dimensional Comparative Analysis
(MDCA), by which it is possible to build logical
and arithmetic models for structural and functional
studies of real objects (resources and their complex
interrelationships in the form of physical infrastructure, in particular CI) [13-16].
MDCA is used to detect patterns and similarities
present in the investigated objects. The primary task
is to seek MDCA methods to simplify complex data
structures into separate categories, each of which
represents a specific data type. An example is the
concept of the universal category of the resource, its
features, and the repertoires of these characteristics.
With respect to the main tasks of MDCA, one may
include statistical analysis of the data and the optimization of the set of diagnostic variables. The main
methods of MDCA can be carried out using four
basic scales: nominal, ordinal, interval and quotient2.
With respect to the description of the CI3 of the resources, each of these scales can be used depending
on the structural characteristics of these resources.
This task becomes especially important when one is
looking for an effective way of classifying and comparing resources in the accompanying decisionmaking processes – especially in emergency situations concerning their functionality.
The advanced analysis of resources leads, in terms
of semiotic (semiotic signs), to its representation
in the form of a continuum of semiotic signs [1, 6].
Using the model of the resource, in semiotic terms,
we treat each resource as a triad: the reality, the identifier and the interpretation.

2

data analysis – the procedure leading to the clustering effect
data according to the adopted scale and the used criteria
3
Critical Infrastructure (CI) – in accordance with the Act of 26
April 2007. Crisis Management Art. 3 pt. Critical Infrastructure
as amended, includes the following resources and systems:
energy supply, energy raw materials and fuels; communications,
data communications networks; financial; food supplies; water
supply; health care; transport; rescue; ensuring business
continuity in public administration; production, stockpiling,
storage and use of chemical and radioactive substances,
including pipelines of hazardous substances; cultural resources
and heritage.

The resource in its real form – this is the objectively
existing physical or abstract element of the subject
area. The resource as an identifier (Lat. denotat, denotates) is the distinguished (individual) name of the
actual form of the resource. The resource in the sense
of the interpretation is the resource as belonging
to a particular class of resources, indicating its properties (among other things, which was awarded from
other resources).
The semiotic characteristics of the resources enable
to distinguish the names (denotates) from fragments
of reality with these names, as well as the properties
of these fragments (highlighted features) of the same
fragments of reality.
This distinction is particularly important when
the modeled subject area have become models (semiotic signs) of other realities. The phenomenon of
this kind often happens, for example, when designing a hierarchical decision-making system [11, 12].
3

Resource interpretation
of the Critical Infrastructure

The resource critical infrastructure interpretation is
carried out from four different perspectives: in the
form of a resource (unified) interpretation of a variety of CI resources; in the form of reactor technology
realizing the uniform processing of data structures
regardless of the specifics of the technological CI;
in the acceptance of hyper graphs notation channels
and objects that describe the resources and their internal and external impact; in recognition of the dynamics of resource states as a description of the
interaction of functional and structural compounds
and the memory resources phenomenon [17, 18].
3.1

Identification of CI systems

The interpretation of CI in terms of resources allows
the use of a simple conceptual apparatus to describe
the complex question concerning the identification
and analysis of CI systems, which is the basis
for specific actions related to national security.
The use of the resource approach allows to define
a single CI as a system and its component functionally interrelated objects, such as: building structures,
equipment, installations, services essential to the
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security of the state and its citizens, and to ensure the
efficient functioning of the public administration,
as well as institutions and entrepreneurs.
As stated in the National Program for Critical Infrastructure Protection (NP-CIP)4: “Identification of
facilities, equipment, installation or services for
which the destruction or disruption of the functioning could cause a crisis is a key step in the process
of protection CI” [19-21].
The resources are described and grouped by concepts
of class resources arising as a result of the use of the
method MDCA to the universe of CI5 stocks, which
is the subject of analysis and operations [23, 24].
Each class of resources has a specified (possible
to refill) repertoire of features, which should include
the following elements:
1) the characteristics of the resource;
2) the definition of the geographical allocation

of resources;
3) the representation of the parameters relating

to the consequences of the destruction or nonfunctioning a resource that matches the crosssectional, as defined in the document NPCI (p.
11)4, which includes: casualties, the financial
implications, the need to evacuate, loss of services, recovery time, the effect of international
and uniqueness;
4) the characteristics describing the state of the

resource as falling within the limit values maxmin, which would allow the introduction of hazard information;
5) an attribute indicating the significance (meaning)

of the resource in the CI system;
6) the characteristics defining the resource suscep-

tibility to destruction, disruption of the operation, reducing potential or effectiveness or
improper use;
7) the characteristics useful for the purposes of risk

analysis and to develop scenarios for the development of adverse events.
4

National Programme for Critical Infrastructure Protection
2013, p. 11.
http://rcb.gov.pl/wp-content/uploads/NPCIP-dokumentgłówny.pdf
5
universe of resources - all distinguished collection of resources
for research, analysis and operational activities
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The repertoires of features should be harmonized
for the entire CI, which will develop and apply the
same tools for collecting operational data, reporting,
aggregation of data, and conducting analytical
and decision support.
The distinguishing characteristics of the respective
class is always whenever we begin to describe
the different resource groups; and also in this case
when, with respect to the same set of characteristics,
there are different repertoires of their value.
The dynamics of the changes in the characteristics
of the resource should include only the features most
important from the point of view of ensuring the
continuity of the proper functioning (operation)
of a particular class of resources. The failure to follow this rule (excessive number of features with
a significant number of limit values) – due to the
exponential increase in the complexity of state – will
prevent an estimation of the effects of the interaction
of resources.
For example, only with respect to 15 features of resource A, with five values of each feature, do we
obtain about 30,5x109 states of that resource. If the
resource A will have the same impact in terms
of complexity as with respect to resource B,
the number of possible such states the system will
grow to 9,3x1019.
It is obvious that simplify the description of the interaction of normal and critical (and thus of risks)
must be conducted and evaluated in a way that ensures their relevance to the objective function, which
is to preserve the continuity of CI [5, 7, 9, 22-24, and
26].
From the above reasoning it follows that the analysis
of the continuity of CI can be effectively conducted
(with a chance of counteracting threats) only by using "highly simplified" modeling tools of logic
and the potential impact of External Resources (ER)
and through the impact of Internal Resources (IR),
which are identifiable in structures of resources.
Modeling of logic is possible by means of hypergraph structures; modeling of the potential impacts –
using additive operations on risk potentials, calculated taking into account the changes of the dynamics
(speed and acceleration). The development of methodological examples of positioning risks detailed
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in the structures of resources should not be too difficult6.
The resource can be subjected to three types of structural operations [6]:
 operations as a result of which class (set of features resources) is determined and the type of resource (due to the organization of the constituent
stocks),
 operations as a result of which occurs class
or type of resource change (for obvious reasons,
not all variants of these changes are acceptable),
 operations as a result of which, in relation to the

collective resource, one of the four measures
is made:

3.2

-

the resource is introduced into population,

-

the resource is derived from the community,

-

the resource in the community is replaced
by a resource from the outside,

-

checking whether the community contains
a particular resource.
Technological reactors

The study of threats is being caused by the consequences of the interaction of human, material objects
and physical phenomena. These consequences lead
to an increased risk of adverse events, and in the case
of severe intensity, also to the emergence of a crisis
– and the resulting need for risk assessment.
A risk assessment is performed to determine the
likelihood of an occurrence (as the relationship between the number of events that have occurred and
that may be the cause of incidents, and the number
of events that implement these risks) as well as the
size of the loss (determined by: the new value, the
replacement value or book value, and indirect losses). Risk should be expressed in the form of a model
of risk assessment and a risk management model
(including the transfer of risk).
The risk is a function (result) of two phenomena:
threats and vulnerabilities. Estimating the risk in
6
Ostrowska T. - The determination and description of the criteria
for passing an emergency situation in a crisis situation and threats
to national security. The term methodical and the guidelines
described. The final product stage PEVII.14 to be used in part
to other products. Warsaw University of Technology, Faculty
of Management, September 2014.

a specific area of activity, subject to observation
and assessment, is the starting point to build a Crisis
Management (CM)7 system, the essence of which is
to make decisions under time pressure in an emergency, maintaining key functions in the area.
This statement implies the need to establish a working definition of a group of initial concepts, and then
expand them in accordance with the needs of the CM
plan. The basic concepts are the keywords: resource,
event, process, decision, threat, risk and crisis situation [25, 27-29].
Each of these concepts is the starting point for defining and developing a system of concepts, deciding
test methods with respect to hazards, risk assessments, and the process of crisis management. A welldesigned ontology (a system of concepts) of the affected area of activity may have a significant impact
on the architecture (spatial structure) and function
(effectiveness) of the CM system.
The simplicity of the structure and effectiveness
of the operation in this case are the key to the design
of hierarchical (pyramidal) structure of the a CM
system. The base of this pyramid are material objects
or natural phenomena regarded as resources of reactors, and related organizations and companies that
are operating in this environment. All these resources
are management entities8 responsible for the prevention, coordination and cope with emergencies
by appropriately conducted management and technological processes.
The theoretical considerations should assume
the existence of both negative impacts (risks) as well
as positive impacts (benefits). These effects are cumulative and cancel each other as a result of synergies of the simultaneous operation of multiple
resources. Modeling positive impacts can assist the
processes of prevention and compensation and can
overcome the effects of threats.

7

Crisis Management (CM) - is an activity consisting of: (1) predicting and recognizing the signs of rising crisis; (2) inhibition
and prevention of the formation and development of the crisis; (3)
mastered, leveling and dealing with the consequences of crisis.
8
The entity in charge is the person or entity acting as management
at the level of the organizational structure of the state, responsible
for the reliable operation of the critical infrastructure CIx allocated
to it.
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Figure 1. Examples of hypergraph models of threats clusters

3.3

External and internal resource impact

The external and internal resource impact of structures (see Fig. 1) are realized through the process
structure, in which the primary role is played
by sequences of discrete events, executing on virtual
channels formed by the pair <susceptibility> :
<threat>, which decide about the functional and
structural condition of CIx resources.
Fig. 1 shows hypergraphs models of two clusters
of threats caused by displacement relative to another
resource – which has caused negative impacts in the
resources of these clusters. Identified risks inherent
in the resource are shown as shaded circles.
The hypergraph’s arches point to the direction of the
negative impacts among resources; one of the arches
illustrates the feedback risk of “self-destruction” the
negative impacts among resources; one of the arches
illustrates the feedback risk of “self-destruction”.
The illustrated diversity of resources and links
to related hazards indicates the need for a very flexible "channel" of treatment effects for the pair <susceptibility> : < threat > between resources and the
environment in which they are sited.
The analysis of the process of workflow structures,
as a product of processes carried out on the channels
in the form of the interaction pair <susceptibility> :
<threat> is decisive for determining.
 the effects of loss of functionality and opportunities for it to maintain or restore collectivities resources {CIx},
 halt and reverse transition from a situation
of increasing threats to the crisis, as assessed on
the base of chains of events and their probabilistic

characteristics to measure the effects and risks
of threats in relation to thresholds set by the gambling companies operating with precision to different channels (U/Z)x,; the entire resource (all
channels resource); all the resources of a given
type of critical infrastructure CIX and a set of subsets of all types of resources {CIX}.
The impact of ER, and their impact on IR, determines the structure of different shelf lives. The resource structure is so long in terms of business
continuity, as long as the operating entity, given the
structure of the aggregated accept the risk of positive
and negative interactions of its resources.
If the combined risk of the resource’s structure9 exceeds a safe threshold10 then the carrier structure
decomposes it by changing the balance of the potential risks by including new resources or disconnection of used one and change in the way the total
potential of the risk11 of the entire structure.
The effective positioning of the risks in the structures
of the resources is significantly dependent on methods for monitoring the speed and direction of the
change of the potential threats.
9
Aggregated risk structure of the resources – the sum of risks
on all virtual channels of the resource structure
10
Safe threshold – in the deliberations adopted the following
classification: acceptable, warning, and unacceptable I,
unacceptable II, and crisis
11
Risk potential – the difference between hazard
and vulnerability; threat – is the expected impact on the object
or between objects, as a result of which they can degrade their
functional
and
structural
characteristics;
compliance
(submission) – the opposite of resilience understood as a basic
feature of infrastructure CIx opposite danger (decrease
or increase susceptibility is done with the resources available
infrastructure CIx)
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Table 1. State transition matrix of the object
(source: own )

3.4

system status

00

01

10

11

00

0,06

0,14

0,24

0,56

01

0,08

0,12

0,32

0,48

10

0,18

0,42

0,12

0,28

11

0,24

0,36

0,16

0,24

Memory of resources

An inherent feature of any object as a model resource is its memory. The memory object is used
to model the dynamics of the resource states12.
The memory object should not be confused with the
state of the resource, which is modeled, or the state
of the object channels. The memory object is a list
of statuses showing all the permissible combinations
of pairs {<state input channel> : <state output channel>} and stochastic rule changes in statuses with
parameters relevant to stochastic state changes the
rules of the modeled resource.
The dynamics of the memory states of the object is
a sequence of the states of an object, obtained as
a Cartesian product of the input channel and output
channel of this object – carrying the dynamic states
of the input and output channels of the object13.
The dynamics of the input channel status object is
expressed by a sequence of the input channel status
of this object, described as a sequence of input vector
states of the sub channels of the object, which is
the product of the state chart of the input channel
of this object (describing the effect of internal influences on the considered channel of the object).
Similarly, the growth in the output channel states
object is expressed by the sequence of states of the
output channel object vectors, described as the sequence of states of the sub channels output of this
12

Resource state – is a vector of the current values of attributes
created with individual values for each of the resource features,
describing the current state of the resource at a given moment
or in a given interval of time
13
Channel status object - corresponds clearly to the characteristics of the resource corresponding to the channel, which is the
object model of the resource

object, which is the product of the state chart output
channel of this object (describing the effect of impacts considered internal to the channel of the object).
An example of state changes at the input and output
channels of the object is stored in the form of a state
transition matrix (see Table 1) and its corresponding
object to a graph object states (see Fig. 2) with 4
highlighted states, which are accompanied by symmetrical 16 events on the input and output channels
of the object.
Using the transition matrix switch contained in the
Table 1 one can efficiently calculate the probability
of a particular state succession on the current state
of the system at different trajectories of state changes. Thus, the probability of direct transition from
state 00 to state 11 is 0.56; while the probability
of transition from state 00 to state 11 via state 01 is
only 0.0672.
Importantly, nearly a 10-fold reduction in the likelihood of the state 11 immediately after the state 00
may be the reduced risk value associated with the
state 11, provided that the total risk of a intermediate
state 01, then state 11 will not be larger.
Estimating the value of risk across the trajectory
of the system state changes will be even more meaningful if we assign the system states the cost to restore them after the incident (realized risk)
associated with the considered state of the system.
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(0→0)p0.06
00
(0→0)p0.18

(0→0)p.08
(0→0)p0.24

(1→0)p0.24

(0→1)p0.14
(0→1)p0.12

(0→1)p0.42

01
(0→1)p0.36

(1→0)p0.32

(1→1)p0.56

(1→1)p0.48

10

(1→0)p0.12

(1→0)p0.16
(1→1)p0.28

11
(1→1)p0.24

Figure 2. Graf states of stochastic system with four events on channels facility: 00, 01, 10, and 11
(source: own)

4

Risk measurement of risks and its essence
in terms of calculation

The concept of risk is an abstract (numerical value)
expressing the percentage of the expected loss
of functionality on the channels of the portion of the
resource, or set of resources – also called the level
of risk14.
The risk value R is expressed as the product of:
R=PxUxZ

(1)

where:
R – risk is the product of probability, vulnerability
and threat, expressed as (0..1) x [0..1] x
[20..100]%,
P – likely to be understood as a function of assigning
values hazard within the closed numerical value

[20..100]% in the range wiped away (0..1)15,
U – susceptibility within closed borders [0..1] is
understood as a basic feature of the infrastructure CIx the opposite danger; control susceptibility (increase or decrease) is carried out with the
available infrastructure CIx,
Z – threat within the closed borders [20..100]% construed as the expected impact on the object
or between objects, as a result of which they can
degrade their functional and appropriate
for their structural characteristics.
The percentage record of the effects of threats
Z from the channel (U/Z)x, is not likely to occur,
but their percentage of loss of functionality of the
resource as a result of the actual implementation
of the event describes this threat.

14

The level of risk – for practical reasons adopts a 5-stage classification of risk levels: level acceptable [0..20), warning [20..40),
unacceptable I [40..60), unacceptable II [60..80), and crisis
[80..100)

15

Closed borders [p..q] mean that a particular function for them
can take the values  q and  p; open borders (p..q) mean that
a particular function for them can take the values < q and > p
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According to this clause, the sum of the effects of the
loss of functionality on all channels (U/Z)x, of the
affected resource infrastructure may in the calculation model and the method of proceeding exceed
a value of 100%, even several times, although the
actual loss of the intended functionality of the infrastructure resources, for obvious reasons, will not
exceed 100%, even in the event of the physical liquidation of that resource.
With the threats and risks of their formation comes
the danger of a crisis situation – i.e. a situation where
the expected impact of the implementation of (the
consequences) the threats have reached a critical
level (threshold gambling H16): (1) for the given
channel infrastructure CIx within the municipality,
county or state; (2) for the indicated resource CIx
infrastructure with respect to the territory of the municipality, county, state, or country; (3) for the indicated CIx infrastructure on the territory of the
municipality, county, state, or country; (4) or for
a specified combination of channels, resources,
and infrastructure CIx within the municipality, county, state, or country.
5

Infrastructure

The classification of CI in terms of technology
and of area depends on the type and the geographical
and administrative allocation of this infrastructure.
The classification process of CI should be carried out
by the operators at the level of direct contact with the
infrastructure objects and channels, in order to recognize and cope with the threats.
5.1

Geography deployment of CI resources

The infrastructure type CIx17 determines its susceptibility to the typical risks inherent to the technological
specifics of this infrastructure.

16

Threshold gambling H is the situation on the designated channel resource, infrastructure or a combination thereof, which has
reached a point of discontinuity risk, expressed symbolically
by H = P x U x Z ≥ 50% (value of H = 50% is determined
a priori assuming that: P = 0.8, U = 0.8 and Z = 80%, the next
level of P = 0.9, U = 0.9 and Z = 90% would result in approximately 50% increase in the value H, i.e. H = 73, 9%)
17
Type CIx – one of the highlighted infrastructures CI1, CI2, CI3,
... CI12

The effectiveness of the diagnosis determines
the behavior of the operators and the methodology
used in the heuristic rule simplification. These rules
should be subjected to systematic review with respect to the consistency of the reality of the threats.
Particular attention is required to recognize hazards
from low intensity and diffuse areas of the country
or region (e.g. poisonings, epidemics, flooding, road
disasters), bringing together a domino effect that
could lead to a crisis or even a threat to national security, if advanced (polynomial and correlated) analysis is not carried out of the dynamics of gambling
diffuse threats.
5.2

Integral model of a crisis situation in CI

A fixed duty of government is a constant observation
of the Critical Infrastructure CIX. Continuously is
providing the monitoring of increased growth rate
of the degree of risk in relation to a group of identical CIx features (the Act of 26 April 2007 Crisis
Management, Journal of Laws 2007 No. 89 item
590, as amended).
An an example of a group of identical CIx shown
in Figure 3, demonstratively illustrates the situation
on 10 highlighted CIx:
 infrastructure CI1 type: CI11, CI12,
 infrastructure type Cl2: CI21, CI22,
 infrastructure CI3 type: CI31, CI32, CI33,
 infrastructure CI4 type: CI41, CI42,
 infrastructure type CI5: CI51.
The term "homogeneous CIxi, where x is the identifier of the type CIx" means that there are contemplated
within the CIj  CIxi other than the type CIx, due
to their optionality in relation to the risks. This limitation is illustrated by the example in Figure 4, which
marked CIj infrastructure that was neglected in the
modeling and exemplary implementation of infrastructures CI1, CI2 and CI3.
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Figure 3. Groups of identical CI, for which monitoring of the recorded increase the risk above tolerable,
where:
CIxi i-type infrastructure x,
Zxj - a threat kinds j for CIx,
j – hazard identification of infrastructure CIx
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Figure 4. Example of three neglected infrastructure CIi type 
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Table 2. Infrastructure and their hypothetical threats list

IKa

<name of infrastructure>
threats:

Z a1

<the essence of threat threat>

a

<the essence of threat threat>

Z2

authentic descriptions from
official sources*

...
IKb

<name of infrastructure>
threats:

Zb 1

<the essence of threat threat>

b

<the essence of threat threat>

Z

2

...
*) comment: some sources list of threats are treated as “confidential”

Table 3. Infrastructure model and their symbolic threat
critical infrastructure CIa

CIa

threats:
a

Z1

-

threat Za1

Z a2

-

threat Za2

...

...

a

Z5

-

threat Zb5

critical infrastructure CIb

CIb

threats:
1

-

threat Zb1

Zb 2

-

threat Zb2

...

...

Z

Z

b

b

5

-

threat Zb5

...
critical infrastructure CIx

CIx

threats:
1

-

threat Zx1

Zx 2

-

threat Zx2

...

...

Z

Z

x

x

5

-

threat Zx5

authentic descriptions from
official sources*
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Z

1

U
Z

5

Z

U

U

2

CIa1

U
4

Z

U
3
Z

Figure 5. Infrastructure model CIa1 in terms of object, in which communication channels “vulnerability a threat” are highlighted
(a dotted line is used to indicate relationship of mutual substitution
of vulnerability protection resources in an emergency)

5.3

Procedures to be followed in assessing
and addressing the crisis situation

For each type of the Critical Infrastructure CIx presented in the Act on Crisis Management of 26 April
2007 have been described a corresponding groups
of hazards and the resulting risks.
The hypothetical list of possible CIx types and risks
are presented in Table 2.
List of threats are presented in Table 3 symbolically
(simplified for purposes of modeling and construction of methodology).
The list of threats in Table 3 are fixed in relation
to the model shown in Fig. 3. In any case, the model
has the list of threats limited to five. For each hazard
from Table 3, a uniform percentage scale was adopted to meet its current level (in the evaluation of monitoring).

Fig. 5 shows the object model of infrastructure CIa1
(see. Fig. 3), on which channels (U/Z)1a,1-5 are shown
to illustrate the phenomenon of compensation
of threats Za1,1-5 by the vulnerability Ua1,1-5 of the
infrastructure CIa1.
Table 4 shows the percentage scale of the threat,
uniform for the entire model.
All the assumptions made in Table 2, Table 3
and Table 4 are contractual and used to build models
of vector vulnerabilities (U), threats (Z), consequences (S), and risks (R).
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Table 4. The percentage scale of the degree fulfillment of threats
extent of the risks

a symbolic designation

term verbal threats

1% ÷ 20%

20%

minimum

21% ÷ 40%

40%

little

41% ÷ 60%

60%

medium

61% ÷ 80%

80%

big

81% ÷ 100%

100%

extreme

Table 5. Vectors susceptibility (U) and threats (Z) for infrastructure CIa1 and the effects (S)
IKa1

t0 – phase 1

t1 – phase 2

t2 – phase 3

channel
U/Z

susceptibility
[0..1]

threat
[%]

effect
[0..1] x
[20..100]%

susceptibility
[0..1]

threat
[%]

effect
[0..1] x
[20..100]%

susceptibility
[0..1]

threat
[%]

effect
[0..1] x
[20..100]%

U/Za1,1

1

20

20

0,5

40

20

0,7

40

28

U/Za1,2

1

20

20

0,5

20

10

0,3

20

6

U/Za1,3

1

20

20

0,5

20

10

0,1

20

2

U/Za1,4

1

20

20

0,5

40

20

0,4

40

16

U/Za1,5

1

20

20

0,5

60

30

0,9

60

54

5.4

Estimating the state of emergency
on simulated areas

Fig. 3 is an illustration of the experiment computing,
which consists of assigning infrastructures CIX:
 varying in time the threats expressed in % loss
of functionality for infrastructure,
 continuing vulnerability Ui() for different moments of time t0, t1, t2, t3 succession of threats,
 and the moments of time , in which occurred
extortion by threats or decrease of susceptibility
change caused by the operator CIX.
The values entered for threats were selected from
Table 4. The initial value of the threats was adopted
at 20%, which corresponds to the verbal definition
of “minimal”.
In the prepared phase of the experiment shown
in Table 5 provides an analysis of the functioning
of infrastructure such as CIa1 at three points in time:

1) from time t0, for the purpose of simulations it was
found that the vulnerability is 1 on the scale
[0..1], for each type of threat and the maximum
value of the risk for each type of hazard is 20%
of the total CIa1; this means that the effect of the
implementation of the risks is the loss of ability
to function 1/5 of that infrastructure (see Tables 5
and 6);
2) from the time t1 for the simulation it was found
that the susceptibility is reduced for each channel
risks for 0,5 of the current value of risk because,
for example, the high cost of maintaining a low
susceptibility – a risk, however, increased 2-fold
at the 1st and 4th of the channel U/Z and 3 times
on the 6th channel;
3) at the time t2 drawn new vector susceptibility
while maintaining the same risks.

Dynamic Hazards in Critical Infrastructure of State

The basis for estimating the risks is Table 4, whereby
as a result of monitoring determined to be the possible (probable) current effect of threats and vulnerabilities in all CIx, wherein:
x - the type of infrastructure,
 - an index of 1, 2, … infrastructures x.
Table 5 is used in situations where the probability
of occurrences are known risks Zx, for CIx on the
channel “vulnerability/threat” (U/Z)x,, where:
 - index infrastructures CIx (in the example shown
in Fig. 5 type x: a, b, c, d, e,
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 - the index of the hazard (in this example: from 1
to 5).
In the presented example, a percentage of the consequence channels (U/Z) x, is the percentage of the
loss of functionality of the resource as a result of the
threat. According to this principle the sum of the
effects of the loss of functionality on all channels
(U/Z) x, of the infrastructure resource could theoretically exceed 100%.

Table 6. Vectors of risk (R) for infrastructure CIa1
channel
U/Z

probability [0..1]

effect
[%]

risk
[%]

probability [0..1]

effect
[%]

risk
[%]

probability [0..1]

effect
[%]

risk
[%]

U/Za1,1

0,10

20

2

0,10

20

2,0

0,15

28

4,2

U/Za1,2

0,10

20

2

0,15

10

1,5

0,20

6

1,2

U/Za1,3

0,10

20

2

0,20

10

2,0

0,25

2

0,5

U/Za1,4

0,10

20

2

0,10

20

2,2

0,15

16

2,4

U/Za1,5

0,10

20

2

0,15

30

4,5

0,20

54

10,8

5.5

Signals crisis

In the first stage of the experiment, it was assumed,
as a signal of rising crisis, that at least on a one
channel of the CI possible threat exceeded 50% loss
of functionality conveyed through this channel (see.
Tables 5 and 6, channel U/Z11,5) – for example, the
temporary loss of access to 50% of the drinking water caused the failure of filters.
The evaluation crisis in the prescribed area of the
territory is carried out by means of the ongoing monitoring of the expected impact of the implementation
of (the consequences of) threats.
For this, a specified range of functionality and the
corresponding channels defined the threshold value
of the expected effects of the implementation risks:
 the highlighted channel of infrastructure within
the municipality, county, state or country (see in-

stance channel to channel in the infrastructure index 5 in an unspecified threat municipality),
 the highlighted resource of the infrastructure CIx
for the sum of the expected impact of the implementation of risks on all channels within the municipality, county, state or country,
 highlighted the infrastructure CIx for the sum
of the expected impact of the implementation
of risks on all channels within the municipality,
county, state or country,
 highlighted the combination of resources and
infrastructure CIx for the sum of the expected impact of the implementation of risks on all channels within the municipality, county, state
or country.
The crisis rating is conducted at five levels, as shown
in Fig. 6.
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Figure 6. 5-leveling the assessment of the crisis in the levels of meta infrastructures of state,
provinces, districts and communes at the infrastructure level

The data monitoring was limited to all the distinguished physical channels (U/Z) of the resources CIX
(operating resources of municipalities) to the following activities:

 assessing the risks R of loss of functionality

as a result of threats on open a percentage scale
[0 ...]% as the product of the probability (P), vulnerability (U) and threats (Z) in the form of formula (0..1) x [0 ..1] x [20..100]%.

 estimating the probability P succession of threats
functionality on the scale [0..1],
 estimating susceptibility U to threats functionality
Z,

6

 assessing threats Z to the highlighted features
on a percentage scale [20..100]%,

The main aim of this study was to determine
the mechanisms to measure the risks to which they
may find themselves useful for diagnostic processes
in management of critical situations in the Critical
Infrastructure of the resources. Our intentions,
in some cases significantly exceeded the scope
of work that could be performed by the authors.

 assessing the effects of loss S of functionality as

a result of threats on open a percentage scale
[0 ...]% as the product of vulnerability (U)
and threats (Z) in the form of a formula [0..1] x
[20..100]%,

Conclusions

Dynamic Hazards in Critical Infrastructure of State

Our intentions, in some cases, far exceeded the scope
of work that had been possible to perform by the
author.
In conclusion we can say that in this article we approached to the nature of the problem of dynamic
assessment of the crisis situations - in the Critical
Infrastructures of resources - with many promising
perspectives to which we included following theoretical and practical issues: (1) resource interpretation
of the Critical Infrastructure concept; (2) the concept
of technology reactor modeling the impact of internal and external resources; (3) the internal memory
of resources; (4) the risk measurement in terms
of the calculation; (5) the integral model of a crisis
in the Critical Infrastructure environment; (6) the
point of gambling as a start of the risk management,
connected with the geographical and administrative
deployment of the Critical Infrastructure.
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Abstract: This article elaborates an existence of a positive effect of the use of mobile technologies
by managers, according to their competences, on the efficiency of explicit knowledge transfer
in a manufacturing company. It focuses on the set of the competences of managers, who use the mobile technologies in manufacturing companies and is based on a survey and data obtained from 119
Polish manufacturing enterprises. This article develops a framework of how managers can determinate
the knowledge transfer in a manufacturing company and further discusses the research results.
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1

Introduction

This research analyzes the use of mobile technology
by management in Polish manufacturing companies
in order to identify its influence on the efficiency
of knowledge transfer among employees in those
enterprises. According to Albino et al. [4], the firm
management has to be evaluated in terms of interest
to develop relationships also within an organization.
The use of mobile technologies in manufacturing
companies is understood to be able to provide workers with a real-time insight into operational and business activities regardless of their physical location.
Additionally, it is assumed that the use of mobile
applications, for example, smartphones, can be often
integrated into legacy systems in manufacturing
companies. Naturally, companies still have problems with how to integrate mobile applications with
a pre-established and well-used information system.
According to Chituc, Americo and Cesar [5]; many
companies are in the process of adapting business
concepts from traditional practices to e-businesses.
Although changes in the currently-used information
systems in manufacturing companies (e.g. MES,
ERP) are often needed, it is not an easy task because
of the heterogeneity of information resources.
According to Santoro and Saparito [23] and Williams [25], this study focuses on inter-organizational
knowledge transfer and tries to explore the role
of the use of knowledge-transfer support applications
as a mobile technology. Effective knowledge transfer

within a company is not easy to achieve the wide
variety of business processes. There are strong indications of knowledge transfer among workers for
potential collaboration, and generally speaking, information technology (IT) is essentially regarded as
a natural medium for managing knowledge [13].
The work of Nonaka and Von Krogh [18] was chosen as the foundation of this research and three objectives were identified to provide direction for this
exploratory research. The first objective explores
whether managers appropriately exploit the usage
of mobile technologies across different processes
and whether, as described by Nonaka and Von
Krogh, this has a significant influence on knowledge
transfer within a company. The second objective was
to explore whether the managers’ usage of mobile
technologies is different for tacit and explicit
knowledge transfer. Inter-organizational knowledge
includes both explicit knowledge, such as work reports and official documents and tacit knowledge,
such as like experience, ideas, and expertise from
employees. The third objective explores the efficiency of knowledge transfer and whether the use
of mobile technology may have some influence
on this.
This study explores the use of knowledge transfer
support applications as a mobile technology and as
an important construct for understanding what tacit
or explicit knowledge may be transferred more effectively in manufacturing companies.
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The remainder of this paper is organized as follows:
Section 2 presents the theoretical background of the
study. Section 3 describes a conceptual model
and the research methodology. Section 4 examines
the research results. Section 5 discusses the implications of the results, provides a conclusion and highlights the limitations of this research.
2

Objectives to be explored

Albino et al [3] defined four elements that have
an positive impact on the knowledge transfer: the
actors in the knowledge transfer process and the
context of this process, the content and the media.
In this study are also those items involved understood as: actors are managers with the competences
in the polish manufacturing companies, knowledge is
transferred across different processes via mobile
technologies in a company to improve the number
of successful projects within an organization.

Added value for a company can be determined
among others as an effective investment in
knowledge [8, 20, 21, and 22].

So, in this study, the following competencies
of managers in manufacturing companies for the
success of realized projects are defined [2, 7]:

Knowledge transfer is adopted from Ko et al. [12]
and defined as a process with two sub-processes:
sending knowledge and receiving knowledge. Kim
et al. [11] defined inter-organizational knowledge
transfer as a critical factor for collaborative resource
coordination. Moreover, Joshi et al. [10] found empirical evidence to support the positive role that
a knowledge source plays in team knowledge transfer.

 organizational and management competencies
(OMC),

Generally speaking, knowledge can be classified as
either tacit or explicit. Explicit knowledge can be
transferred through verbal explanation, documents
and/or information systems and tacit knowledge
transfer may be achieved through the re-creation
of knowledge [16]. According to Nonaka et al. [17];
tacit and explicit knowledge can exist on a continuum. This research explores the following types
of explicit interorganizational knowledge in a manufacturing company  policies (EK-P), procedures
(EK-PR), and data bases (EK-DB)  and types
of tacit inter-organizational knowledge  research
excellence (TK-RE), management know-how (TKKH) and organizational culture (TK-OC) [14].
Cotora [6] stated that it is necessary to identify the
relationships among competencies and partnerships
in a company for the success of a company.
This research elaborates the efficiency of knowledge
transfer, both explicit and tacit, in a manufacturing
company according to the principles of Hausman
and Johnston [9] and suggested that we should understand the manifestation of this efficiency as
an influence on the number of successful projects
that are achieved.

 technical competencies (TC),
 behavioral competences (BC).
The three issues defined for further investigation
that follow from this are:
 Objective 1
Managers in manufacturing companies use mobile
technologies across different processes according
to their competences and those competences influence the type of knowledge that is transferred.
 Objective 2
Managers in manufacturing companies use mobile
technologies across different processes according
to their competences and those competences have
a different influence on tacit and explicit knowledge
transfer.
 Objective 3
The use of mobile technologies by managers in manufacturing companies influences the efficiency
of knowledge transfer that can be understood via
an improvement in the number of successful projects.
This study posits that knowledge (both explicit
and tacit) is transferred by the sender(s) to the receiver(s) via the use of mobile technologies by managers across the different processes in a manufacturing company. Managers need to know why and how
the knowledge can influence positive on business
performance [24]. The conceptual model shown
in Fig. 1 depicts the relationships that is examined.

The Effect of the Use of Mobile Technologies by Management in Polish Manufacturing Enterprises …

Managers in manufacturing companies (M):

161

The use of mobile
technologies across
different processes

M = {M1, M2, …, Mn}, n N

T1: Overseeing production and sales processes
T2: Formulating strategic plans

Organizational and Management
Competencies (OMC):

T3: Monitoring the quality of products and product

OMC = {OMC =
1 OMC=2 OMC=3 OMC=4 OMC=5}

T4: Reviewing performance data
T5: Formulating department/unit policies and practices
T6: Coordinating financial and budgetary activities

Technical Competencies (TC): TC =

T7: Monitoring the needs of human resources

{TC=1 TC=2 TC=3 TC=4 TC=5}

T8: Monitoring the needs for material resources
T9: Evaluating current business processes
T10: Evaluating the selection and maintenance
of equipment

Behavioral Competencies (BC): BC
= {BC=1 BC=2 BC=3 BC=4 BC=5}

T11: Facilitating the preparation and analysis of reports
T12: Working with managers among different
departments

Efficiency of explicit knowledge
transfer (EEKT)
within a company

T13: Reviewing worker performance

Efficiency of tacit
knowledge transfer
(ETKT) within
a company

Figure 1. The conceptual model

The conceptual model also incorporated the findings
of Park, Vertinsky and Becerra [19], and it is stated
that explicit knowledge is knowledge that may be
articulated, codified, and stored, whereas tacit
knowledge may be acquired mainly through observations and interactions.
The conceptual model also incorporated the findings
of Park, Vertinsky and Becerra (2015) [19] and it
is stated that explicit knowledge is knowledge that
may be articulated, codified, and stored; whereas

tacit knowledge may be acquired mainly through
observations and interactions.
3

Measures and methods

The methodology chosen was qualitative research,
starting with carrying out surveys in a number
of Polish manufacturing companies. Before the
study, it was assumed that in those companies
that took part in the research, managers would typically realize at least 80% of the defined activities
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in their manufacturing company (Fig. 1) and that
mobile technologies were used to support these processes.
This study expects that managers with a defined
level of competence can effectively transform
knowledge within Polish manufacturing companies
(according to Marra et al. [15] it is stated that
knowledge flows from one worker to another)
and that using mobile technologies will positively
influence the improvement of the number of successful projects.
Factors that describe the competences of managers
to transfer knowledge in a Polish manufacturing
company were based on the feedback surveys
and their sources are listed as follows:
Competence of a manager: The degree of my competence can help to transform knowledge among others:
 C-factor1: I know that in my organization,
my competence is completely unimportant
for knowledge transfer,
 C-factor2: I know that in my organization,
my competence is not important for knowledge
transfer,
 C-factor3: I know that in my organization,
my competence
is
marginally
important
for knowledge transfer,
 C-factor4: I know that in my organization, my
competence is important for knowledge transfer,
 C-factor5: I know that in my organization,
my competence is very important for knowledge
transfer.
Factors of explicit and tacit interorganizational
knowledge were based on the feedback surveys
and their sources are listed as follows.

Explicit/tacit interorganizational knowledge:
The degree to which the transfer of explicit
knowledge  policies (EK-P), procedures (EK-PR),
and databases (EK-DB)  and tacit knowledge 
research excellence (TK-RE), management knowhow (TK-KH), and organizational culture (TK-OC)
[14]  within an enterprise improves the number
of successful projects.
 Know-factor1: I know that in my organization,
explicit/tacit knowledge transfer is completely

unimportant for increasing the number of successful projects,
 Know-factor2: I know that in my organization,
explicit/tacit knowledge transfer is not important
for increasing the number of successful projects,
 Know-factor3: I know that in my organization,
explicit/tacit knowledge transfer is quite important for increasing the number of successful
projects,
 Know-factor4: I know that in my organization,
explicit/tacit knowledge transfer is important
for increasing the number of successful projects,
 Know-factor5: I know that in my organization,
explicit/tacit knowledge transfer is very important
for increasing the number of successful projects.
The surveys used for testing the research model were
developed by defining scales to fit the knowledge
codification context. A five-point scale was used for
all survey items. The data for this study were collected from 119 Polish manufacturing companies between January and September, 2014. The Polish
manufacturing companies consisted of various manufacturing types: industry: 88 companies (74%),
construction: 16 companies (13%), and others: 15
companies (13%). The respondents were managers
(95 companies, 80%) and chief executive officers
(24 companies, 20%); hence, the defined objectives
can be discussed based on these research results.
4

Research results

The research model was analyzed using a correlation
and further regression approach in order to estimate
the effect of the use of mobile technologies by management on the efficiency of knowledge transfer
in the studied Polish manufacturing enterprises.
A moderated correlation approach, using Statistica
ver.10.0, was used to test the defined objectives.
The data were carefully examined with respect
to linearity, equality of variance and normality.
No significant deviations were detected. Table 1
presents descriptive correlations for the main variables. The study tests the hypotheses using a correlation analysis because an interaction effect exists only
if the interaction term makes a significant contribution.
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Table 1. The results of the effect of the use of mobile technologies by managers of manufacturing companies,
according to their competences, on the efficiency of explicit and tacit knowledge transfer
Construct
Item:
C-factor1/C-factor2/C-factor3/Cfactor4/C-factor5
Know-factor1/ Know-factor2/ Knowfactor3/ Know-factor4/ Know-factor5)

Correlation

r2

t

p

OMC/ EK-P

0.4387

0.1925

5.2812

0.0000

OMC/ EK-PR

0.3765

0.1418

4.3960

0.0000

OMC/ EK-DB

0.1602

0.0257

1.7555

0.0818

TC/ EK-P

0.3407

0.1161

3.9200

0.0002

TC/ EK-PR

0.3202

0.1025

3.6554

0.0004

TC/ EK-DB

0.0820

0.0067

0.8896

0.3755

BC/ EK-P

0.2640

0.0697

2.9607

0.0037

BC/ EK-PR

0.3938

0.1551

4.6338

0.0000

BC/ EK-DB

0.1255

0.0157

1.3680

0.1739

OMC/ TK -RE

0.0187

0.0003

0.2019

0.8404

OMC/ TK-KH

0.0612

0.0037

0.6632

0.5085

OMC/ TK-OC

0.1407

0.0198

1.5373

0.1269

TC/ TK -RE

0.0446

0.0020

0.4832

0.6298

TC/ TK-KH

0.0631

0.0040

0.6842

0.4952

TC/ TK-OC

0.0450

0.0020

0.4868

0.6273

BC/ TK -RE

0.0386

0.0015

0.4174

0.6772

BC/ TK-KH

0.0214

0.0005

0.2313

0.8175

BC/ TK-OC

0.0030

0.0000

0.0319

0.9746

Table 1 includes the results of the correlation analyses which estimate the effect of the use of mobile
technologies by managers of manufacturing companies, according to their competences, on the efficiency of explicit and tacit knowledge transfer, understood via an improvement in the number of successful projects.
The interaction of the competences of managers
in a manufacturing company makes a significant
contribution only to the efficiency of explicit
knowledge transfer, such as policies and procedures.
The first objective that was identified from the literature was significant because the managers in the
manufacturing companies used mobile technologies

across different processes, according to their competences, and those competences had an influence
on the explicit knowledge that was transferred.
The second objective was also illustrated because
interaction involving the competencies of managers
and explicit knowledge transfer is very significant
and, unfortunately, this interaction between tacit
knowledge transfer is not observed.
Regarding the third objective, the use of mobile
technologies by managers in manufacturing companies influences the efficiency of knowledge transfer
understood via an improvement in the number
of successful projects, but this being true only
for explicit knowledge transfer.
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The research results, which are based on a survey
and data obtained from 119 managers and chief executive officers of 119 Polish manufacturing enterprises, show that the use of mobile technologies by
managers with specific competencies has a positive
effect on the efficiency of explicit knowledge transfer in an enterprise. By the use of mobile technologies, managers can transmit reports and statements
and have the possibility to make decisions in realtime. Those activities actually influence the implementation of successful projects. To determine the
nature of any significant interactions of the compe-

tences of managers and any explicit knowledge
transfer within a company, the study tests its objectives using regression analyses that are able to estimate this effect.
To determine the nature of the first significant interaction, the organizational and management competence of managers and explicit knowledge transfer
(policies) the study plots the effect (see Fig. 2).
The efficiency of explicit knowledge transfer (policies) clearly increases when managers use mobile
technologies and have organizational and management competences.

Figure 2. Interactions involving the organizational and management competencies of managers who use mobile
technologies and the resulting effects on explicit knowledge transfer (policies)

Fig. 3 indicates that the efficiency of knowledge
transfer (procedures) within a company clearly increases when managers use mobile technologies and
have organizational and management competences.
Fig. 4 and 5 present the effects of the significant
contributions of the technical competences of managers in a manufacturing company and the efficiency
of policies and procedures transfer.

Moreover, the relationship between the behavioral
competences of managers in a manufacturing company who use mobile technologies and the transfer of
policies and procedures is also positive (Figs. 6
and 7).
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Figure 3. Interactions involving the organizational and management competencies of managers who use mobile
technologies and the resulting effects on explicit knowledge transfer (procedures)

Figure 4. Interactions involving the technical competencies of managers who use mobile technologies and the resulting effects on explicit knowledge transfer (policies)

Figure 5. Interactions involving the technical competencies of managers who use mobile technologies
and the resulting effects on explicit knowledge transfer (procedures)
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Figure 6. Interactions involving the behavioral competencies of managers who use mobile technologies
and the resulting effects on explicit knowledge transfer (policies)

Figure 7. Interactions involving the behavioral competencies of managers who use mobile technologies
and the resulting effects on explicit knowledge transfer (procedures)

This study does not only testify to the influence
of the use of mobile technologies by managers, according to their competences, on the efficiency
of knowledge transfer in a manufacturing company,
but also explores how this mechanism works. Therefore, a potential model based on this research
for assessing the efficiency of inter-organizational
knowledge transfer can be formulated:
The efficiency of explicit knowledge transfer
(EEKT) = the organizational and management competencies (OMC) of managers in a manufacturing
company who use mobile technologies + the technical competencies (TC) of managers in a manufac-

turing company who use mobile technologies + the
behavioral competences (BC) of managers in a manufacturing company who use mobile technologies.
This study was motivated by the actual needs
of managers of manufacturing companies who have
a strong desire to make new products in order to be
more a knowledge-oriented company. A theoretical
model was developed and tested; however, it was
evident, that the competences of managers can play
a critical role only in the explicit knowledge transfer
process within a company.
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The research results indicate that the efficiency
of a knowledge transfer depend on the organizational
and management competencies of managers and also
on their technical competencies and the behavioral
competences of managers who use mobile technologies. However, the use of mobile technologies influences only on the transfer of explicit knowledge.

processes in a manufacturing company. Future work
includes how defined characteristics of managers
in a manufacturing company can lead to more effective knowledge transfer processes, as well as an improvement in the number of successful projects
in a company.

So, what kind of technologies should be used
by managers with defined competence to improve
the efficiency of the tacit knowledge transfer within
a company? A conversation is one of the medium
to transfer tacit knowledge, so why the use of naturally medium to conversation such as a mobile technology do not influence on the efficiency of this
process? So, the results indicate that the use of the
mobile technologies are exclusiv only for the transmission of short messages according to policies and
procedures adopted in a company. Also, the use of
mobile technologies in manufacturing companies,
understood in this research as providing workers
with a real-time insight into activities, is useful only
for the transfer of an explicit knowledge. Therefore,
as a practical implication, companies that aim
to achieve an improvement in the number of successful projects must adopt not only mobile technologies
to knowledge transfer but also all kinds of methods
and tools to tacit knowledge transfer such as
knowledge maps, face-to-face meetings, coffee
breaks and web blogs. So, it would be useful to provide such research in this context.
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Abstract: The relationship between entrepreneurial orientation and business performance using 500
small- and medium-sized enterprises (SMEs) in Gauteng province, South Africa was tested. Questionnaire was used to collect data from 500 SME owners. The findings from the survey among 500 SME
owners were modelled through a categorical regression model with business performance as dependent
variable. The level of significance of the 8 variables out of 12 variables suggests that entrepreneurial
orientation be classified as the strongest predictor of business performance. The ability to adjust one’s
business model to adapt to changed economic circumstances is an important thing as it dictates performance in increasingly competitive economic environment.
Keywords: SMEs, entrepreneurial orientation, business performance.

1

Introduction

The global competitive market rank South Africa
very low in global competitiveness. This implies that
South Africa has the smallest proportion of entrepreneurs compared with other developing countries.
This is a national concern, as the country’s entrepreneurial ventures account for one-third of total employment. GEM (2014) reported that the
unemployment rate in post-apartheid South Africa
remains extremely high, with unemployment especially among black South Africans worsening since
1994. With the increase in unemployment, which is
in part because of the apartheid legacy, current government policies are increasingly being questioned.
The GEM (2013) reported South Africa as ranking
110th out of 135 countries in terms of the unemployment rate.
It is, therefore, necessary to understand how the entrepreneurial start-up factors (motivation, culture,
self-efficacy, intention, and entrepreneurial orientation) affect the business performance - in other
words, there is needs to find out to what extent the
entrepreneurial start-up factors affect the performance of business. Therefore, the study will only
look at how entrepreneurial orientation as one
of start-up factors impact on business performance.
Entrepreneurship scholars have attempted to explain
performance by investigating the relationship between entrepreneurial orientation and firm performance (Lumpkin and Dess, 2001:436).

Entrepreneurial orientation refers to a firm’s strategic
orientation, acquiring specific entrepreneurial aspects of decision-making styles, practices and methods. Other studies have found that entrepreneurial
orientation enables small firms or new ventures
to perform better than their competitors and enhances firm performance (Wiklund and Shepherd, 2005).
Entrepreneurial orientation has become a central
concept in the domain of entrepreneurship that has
received a substantial amount of theoretical and empirical attention (Lumpkin and Dess, 2001).
This study adopts Lumpkin and Dess’s (2001) definition of entrepreneurial orientation as the strategymaking processes that provide organizations with
a basis for entrepreneurial decisions and actions.
The entrepreneur is the decision-maker in the business and he or she undertakes risk. Lumpkin and
Dess (2001) further indicated that entrepreneurial
orientation is a key ingredient for organisational
success and it has been found to lead to increased
performance.
Strategy-making is an organization-wide phenomenon that incorporates planning, analysis, decisionmaking, and other aspects of an organization’s culture, value system and mission. Wiklund and Shepherd (2005) argued that entrepreneurial orientation
leads to higher performance or that businesses that
adopt a strong entrepreneurial orientation perform
better than firms that do not adopt an entrepreneurial
orientation.
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Entrepreneurial orientation is demonstrated by the
extent to which management inclined to take business-related risks to favor changes and innovation,
in order to obtain a competitive advantage for the
business (Andendorff, 2004). Recent research suggests that there are three dimensions of entrepreneurial orientation that may vary independently from one
another. They are risk-taking, innovation, and proactiveness (Lumpkin, Dess, 2001). Rwigema, Venter,
and Urban (2008) indicated that innovativeness is at
the center of entrepreneurship and is the fundamental
endeavor of an entrepreneurial organization to develop new products or invent new processes.
Risk-taking is associated with the willingness of the
entrepreneur to take calculated business-related risks.
Proactiveness consists of autonomy and competitive
aggressiveness. Autonomy refers to the actions undertaken by individuals or teams intended to establish a new business concept or idea (Rwigema et al.,
2008) and further highlights that competitive aggressiveness refers to a response to threats that already
exist in the marketplace. Entrepreneurial orientation
has its roots in the strategy-making process literature
(Rauch, Wiklund, Lumpkin, and Frese, 2009). Strategy-making is an organizational phenomenon that
incorporates planning, analysis, decision-making,
and many aspects of an organization’s culture, value
system, and mission. Firm entrepreneurial orientation, therefore, represents policies and practices that
provide a basis for entrepreneurial decisions and
actions (Rauch et al., 2009).
According to literature, factors that affect a person’s
decision to start a business include culture, motivation, entrepreneurial orientation, entrepreneurial
intention and self-efficacy. Research assumes that
these factors impact on business performance.
This study aimed to examine the effect of entrepreneurial orientation on business performance.
This paper is structured in the following manner:
Section 1 presented the research background and aim
of the study. Section 2 presents literature review
on entrepreneurial orientation and business performance. The section further elaborates the constructs
used in this study and outlines proposed hypotheses.
Section 3 presents the research methodology
and finally, Section 4 concludes the paper with

a discussion of the findings and implications
for practitioners.
2

A firm’s entrepreneurial orientation
and performance - literature review

Businesses with entrepreneurial orientation have
the capability to discover and exploit new market
opportunities (Wiklund and Sheperd, 2003). Other
research has used a variety of financial measures
such as cash flow, return on assets, and return on
equity to assess firm performance. Some studies
suggest a combination of financial and non-financial
measures that offer more comprehensive evaluation
on a firm’s performance (Li et al. 2009). Subjective
non-financial measures include indicators such
as perceived market share, perceived sales growth,
customer satisfaction, loyalty and brand equity (Li et
al., 2009). Murphy, Trailer, and Hill (1996) examined 51 published entrepreneurial studies using performance as the dependent variable and found that
the most commonly considered dimensions of performance were related to efficiency, growth
and profit. Efficiency comprises some financial
measures such as return on investment and return
on equity; growth focuses on increase in sales, employees, or market share; and profit includes return
on sales and net profit margin.
Lumpkin and Dess (2001) indicated that the dimensions of entrepreneurial orientation can lead to market growth. The innovativeness dimension of entrepreneurial orientation reflects the tendency to engage
in and support the novelty to create and introduce
new products, services, or technology. The risktaking orientation indicates a willingness to engage
resources in strategies or projects where the outcome
may be highly uncertain. Proactiveness refers
to a firm’s response to promising market opportunities.
Competitive aggressiveness involves the propensity
to directly and intensely challenge its competitors.
Autonomy describes the authority and independence
given to an individual or team within the firm
to develop business concepts and visions and to carry
them through to completion. If new businesses have
more aptitude for innovativeness, risk-taking, proactiveness, competitive aggressiveness and autonomy,

Entrepreneurial Orientation: A Case of Gauteng Province, South Africa

they will gain greater competitive advantage and
accomplish higher firm performance. An effective
entrepreneurial orientation may be a good predictor
of a firm’s performance. The study adopts Lumpkin
and Dess’s (2001) approach of using five (instead of
three) dimensions of entrepreneurial orientation. It is
an acceptable expanded definition of entrepreneurship orientation (Antoncic and Hisrich 2003).
Cooper and Gascon (1992) highlighted individual
factors influencing performance as experience, education, occupation of parents, gender, race, age
and the entrepreneur’s goals. Studies of individual
factors influencing performance are prevalent, although the majority of these were carried out in the
United States, Canada, and the United Kingdom.
We used business performance as our dependent
variable because of its importance to organizations,
individual and society. Business performance is also
an outcome that all entrepreneurs must address.
We selected entrepreneurial orientation as an independent variable because it has theoretical relationship with business performance. Entrepreneurial
orientation has little attention in the entrepreneurship
literature, although it is found to be an important
determinant of many life and outcomes (Bandura,
1997). For our firm-level behavioral variable, we
looked at entrepreneurial orientation. Entrepreneurship literature revealed that there is little theoretical
and empirical work that has been offered to explain
the mechanism through which entrepreneurial orientation affect business performance.
The importance of entrepreneurial orientation and its
influence on business performance have been highlighted in theoretical discussions and empirical research. Entrepreneurial orientation at theoretical
level is said to have positive effect on performance
because firms with this strategic posture have advantage and are able to capitalize on emerging opportunities (Wiklund and Sheperd, 2003). Past
studies at empirical level have shown a positive relationship between entrepreneurial orientation and firm
performance, for example, a longitudinal study have
found that entrepreneurial orientation to have longterm effect on growth and financial performance
of small businesses (Wiklund and Sheperd, 2003).
In this study, we propose that entrepreneurial orientation may be a useful process variable to explain
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the effects on business performance. Firms led
by entrepreneurs who engage in certain behavioral
traits such as internal locus of control are likely
to adopt entrepreneurial orientation.
Therefore, the study suggest that H01: there is a significant positive relationship that exists between
entrepreneurial orientation and business performance
(H01a: my business income; H01b: my business profit; H01c: my market share; H01d: my return on investment; H01e: number of employees; H01f: product
line).
3

Methodology - measures

The population of the study is SMMEs (small, medium, and micro enterprises) in the retail sector of the
Gauteng province of South Africa. The researcher
uses the brabys.com populations of SMMEs in Gauteng because this organization is reliable and is the
leading registry of SMMEs in the country (GEM
2012). According to Brabys, the population size
of SMMEs in the retail industry is 10,000. The study
population was, therefore, based on 10,000 SMMEs.
Probability sampling was used to ensure that each
member of SMME population is given a known nonzero chance of selection. Simple random sampling
was used to identify the respondents. According to
Cooper and Schindler (2008:409), the sample size
that is acceptable is 5% of the total population. Given this study’s estimate of a population of 10,000,
it means that the targeted sample was 500 respondents (i.e., 10,000 entrepreneurs x 0.05 = 500 respondents). A structured research instrument
(a questionnaire) was used to collect data through
self-administration interviews and out of the targeted
sample, 466 responses were received which yielded
a 93.2% response rate.
The investigative questions concerned the following
constructs.
3.1

Entrepreneurial orientation

This concept was based on Lumpkin and Dess
(2001) who indicated that the dimensions of entrepreneurial orientation can lead to market growth.
Respondents were requested to rate the extent
to which they agree with the statements on entrepreneurial orientation. A five-point Likert scale (strong-
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ly agree, agree, don’t know, disagree, and strongly
disagree) was used for each of the sixteen questions
that were asked. The 16 items were aimed at finding
out the orientation of entrepreneurs.
The questions asked from this variable are based on
the following statement: there is a strong emphasis
on the marketing of tried and true products or services; one should try new ways of doing things; one
should adopt from competitors new ways of doing
business; one should try new lines of products
or service; one should try changes in product lines
that are mostly of a minor nature; one should try
many new lines of product services; in dealing with
competitors, my business typically responds to actions that competitors initiate; is seldom the first
business to introduce new product/services, administrative techniques, operating technologies; typically
initiates actions that competitors then respond to; is
very often the first business to introduce new product/services, administrative techniques, operating
technologies; is the one with strong tendency to follow the leader in introducing new product or ideas;
have a strong tendency to be ahead of other competitors in introducing novel ideas or products; it is important to have a strong proclivity for low-risk
projects (with normal and certain rates of return);
it is important to have a strong proclivity for highrisk projects (with chances of very high returns); it is
unimportant to have a strong proclivity for low-risk
projects; and it is unimportant to have a strong proclivity for high-risk projects.
The assumption was that there is a relationship between entrepreneurial orientation and business performance. The researcher, therefore, wanted to see
if this was true and to find out which factors affect
business positively and to what extent.
3.2

Business performance

Most researchers used growth as a proxy for business
performance. Growth as a measure of business performance may be more accurate and accessible
as same as accounting measures of financial performance. We ascribe to the view that performance
is multidimensional in nature and, therefore, advantageous to integrate different dimensions of performance in empirical studies. To capture different
aspects of small business performance, we combined
measures of financial performance and growth. List

of independent variables used to quantify business
performance are my business income, my business
profit, market share, return on investment, number
of employees, and product line. Respondents were
requested to rate the extent to which they agree with
the statements on business performance. A five-point
Likert scale (strongly agree, agree, don’t know, disagree, and strongly disagree) was used for each of the
six questions that were asked. The six items were
aimed at finding out the performance of business.
The assumption was that there is a relationship between entrepreneurial orientation and business performance. The researcher, therefore, wanted to see
if this was true and to find out which factors affect
business positively and to what extent.
3.3

Analysis

The statistical analysis makes use of a categorical
regression model to facilitate the investigation
of causal relationship in the data. This model was
preferred over other categorical association measures
such as chi-square, Cromer’s V, and Lambda, which
would not allow the same level of analysis, especially with regard to causal relationships. Another reason
of using categorical regression model derives from
the usage of ordinal and nominal data in the model
and also that the dependent variable is dichotomous.
The dependent variable is defined as the performance of a business with six categories, namely, my
business income, my business profit, market share,
return on investment, number of employees, and
product line. The reliability for the construct “entrepreneurial orientation” is acceptable, with an overall
Cronbach’s alpha value of 0.814.
4

Results

4.1

My business income

There is a significant positive relationship exists
between entrepreneurial orientation and business
performance (H01a: my business income).
The results from the analysis of variance are depicted
in Table 1. These show that the model variance
(1.490) is considerably higher than the error variance
(0.969), indicating that the different predictors separately and conjointly succeeded in predicting business performance significantly at 95% level
of certainty.
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Table 1. ANOVA: my business income
Sum of Squares

Regression

Df

Mean Square

F

Significance

1.538

.044

40.230

27

1.490

Residual

379.770

392

0.969

Total

420.000

419

Table 2. Regression coefficients indicating the significance of entrepreneurial orientation variables
to business performance (my business income)
Standardized Coefficients
Bootstrap
(1,000) EstiBeta
mate of Std.
Error

Df

F

Significance

One should try new ways of doing
things.

.187

.059

2

11.080

.002

One should adopt from competitors
new ways of doing business.

.097

.145

2

.447

.750

One should try new lines
of products or service

.162

.069

3

5.496

.014

One should try many new lines of
product services

.045

.138

2

3.167

.003

Typically responds to actions that
competitors initiate

.226

.137

3

2.732

.004

Is seldom the first business
to introduce new product/services,
administrative techniques, operating
technologies etc.

.081

.131

2

.382

.783

Is very often the first business to
introduce new product/services,
administrative techniques, operating
technologies

.165

.078

2

4.414

.015

Is the one with strong tendency to
follow the leader in introducing new
product or ideas.

.017

.131

2

.017

.383

It is important to have a strong proclivity for low-risk projects (with
normal and certain rates of return)

.068

.113

1

.365

.546

It is important to have a strong proclivity for high-risk projects (with
chances of very high returns).

.188

.113

3

2.641

.019

It is unimportant to have a strong
proclivity for low-risk projects

.068

.104

3

.419

.640

It is unimportant to have a strong
proclivity for high risk projects

.057

.126

3

.202

.595
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The regression coefficients obtained by estimating
the full model is presented in Table 2. Given that
a total of 500 observations were used, the fairly large
number of variables listed can be included in the
regression to determine which ones are significant
in determining business performance.
The standardized coefficients with regard to “my
business income” in Table 2 were found to present
strong predictors of business performance. With
regard to my business income, some of the variables
are above 0.050 level of significance and can therefore be regarded as weak predictors of business performance. These include the following: there is
a strong emphasis on the marketing of tried and true
products or services; one should adopt from competitors new ways of doing business; one should try
changes in product lines that are mostly of a minor
nature; in dealing with competitors, my business is
seldom the first business to introduce new product/services, administrative techniques, and operating technologies; typically initiates actions that
competitors then respond to; is the one with strong
tendency to follow the leader in introducing new
product or ideas; have a strong tendency to be ahead
of other competitors in introducing novel ideas
or products; it is important to have a strong proclivity for high-risk projects (with chances of very high
returns); it is unimportant to have a strong proclivity
for low-risk projects and it is unimportant to have
a strong proclivity for high-risk projects.
These factors do not relate strongly to entrepreneurial orientation to start a business and are not predictors of business performance under “my business
income”. Table 2 shows some entrepreneurial orientation factor between 5% and 20% level of significance. Statistically, these factor (namely, it is
important to have a strong proclivity for high-risk
projects, with chances of very high returns) can be

considered as of marginal significance. These can be
tested further in another research project.
Table 2 shows regression coefficient indicating the
significance of entrepreneurial orientation variables
to business performance.
With regard to business income, some of the variables are above 0.050 level of significance and can,
therefore, be regarded as weak predictors of business
performance but only six (is very often the first business to introduce new product; one should try new
ways of doing things; one should try new ways
of doing things; one should try many new lines
of product services; typically responds to actions
that competitors initiate; is very often the first business to introduce new; it is important to have
a strong proclivity for high-risk projects) are predictors of business performance under “my business
income” with significance level of 0.002, 0.014,
0.003, 0.004, 0.015, and 0.019. The hypothesis H01a
is accepted for these variables.
4.2

My business profit

There is a significant positive relationship exists
between entrepreneurial orientation and business
performance (H01a: my business profit).
With regard to “my business profit” most variables
do not affect business performance. The significance
level of most of the variables falls above the 0.05%
level of significance. There are few strong predictors
of business performance.
The results from the analysis of variance are depicted
in Table 3. These show that the model variance
(1.985) is considerably higher than the error variance
(0.940), indicating that the different predictors separately and conjointly succeeded in predicting business performance significantly at 95% level
of certainty.

Table 3. ANOVA: my business profit
Sum of Squares

Df

Mean Square

F

Significance

49.628

25

1.985

2.112

.002

Residual

369.372

393

.940

Total

419.000

418

Regression
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Table 4. Regression coefficients indicating the significance of entrepreneurial orientation variables
to business performance (my business profit)
Standardized Coefficients
Bootstrap
(1,000) Estimate
of Std. Error

Df

F

Significance

Beta

One should try new ways of doing
things.

.187

.159

2

11.80

.002

One should adopt from competitors new ways of doing business.

.162

.080

2

4.077

.014

One should try new lines
of products or service

.161

.110

3

2.141

.095

One should try many new lines
of product services

.222

.123

2

3.238

.018

Typically responds to actions
that competitors initiate

.173

.078

2

4.892

.003

Is seldom the first business
to introduce new product/services,
administrative techniques, operating technologies etc.

.169

.106

2

2.567

.075

Is very often the first business
to introduce new product/services,
administrative techniques, operating technologies

.215

.073

2

8.678

.014

Is the one with strong tendency
to follow the leader in introducing
new product or ideas.

.063

.126

3

.251

.760

It is important to have a strong
proclivity for low-risk projects
(with normal and certain rates
of return)

.070

.126

2

.312

.932

It is important to have a strong
proclivity for high-risk projects
(with chances of very high
returns).

.243

.138

2

3.167

.022

It is unimportant to have a strong
proclivity for low-risk projects

.034

.110

1

.097

.556

It is unimportant to have a strong
proclivity for high risk projects

.035

.131

2

.070

.932

176

Simon Radipere

With regard to “my business profit” the majority
of variables are above 0.050 level of significance and
can, therefore, be regarded as weak predictors
of business performance. This implies that these
variables should not be considered for any improvement in business performance.
Table 4 shows the regression coefficients indicating
the significance of entrepreneurial orientation variables to business performance.
With regard to “my business profit”, some of the
variables (from entrepreneurial orientation) are
above 0.050 level of significance and can, therefore,
be regarded as weak predictors of business performance but only six (is very often the first business to
introduce new”; one should try new ways of doing
things; one should try new ways of doing things;
one should try many new lines of product services;
typically responds to actions that competitors initiate; it is important to have a strong proclivity
for high-risk projects) are predictors of business
performance under “my business profit” with significance level of 0.002, 0.014, 0.018, 0.003, 0.014,
and 0.022. Hypothesis H01b is accepted for these
variables.
Table 4 shows some entrepreneurial orientation factor between 5% and 20% level of significance. Statistically, these factor (namely, is seldom the first
business to introduce new; one should try new lines
of products or service) can be considered as of marginal significance. These factors can be tested further
in another research project.
4.3

My market share

There is a significant positive relationship exists
between entrepreneurial orientation and business
performance (H01a: my market share).

With regard to “my market share” some variables
affect business performance. The significance level
of most variables falls above the 0.05% level
of significance. They are not strong predictors
of business performance.
The results from the analysis of variance are depicted
in Table 5. These show that the model variance
(2.201) is considerably higher than the error variance
(0.924), indicating that the different predictors separately and conjointly succeeded in predicting business performance significantly at 95% level of cercertainty.
With regard to “my market share”, some variables
are above 0.050 level of significance and can, therefore, be regarded as weak predictors of business
performance.
Table 6 above shows the regression coefficients indicating the significance of entrepreneurial orientation variables to business performance.
With regard to “my market share”, most variables
are above 0.050 level of significance and cannot be
regarded as predictors of business performance but
only four (one should try new ways of doing things;
one should try new lines of products or service; one
should try many new lines of product services and is
very often the first business to introduce new product/services, administrative techniques, operating
technologies) are regarded as predictors of business
performance with significance level of 0.012, 0.014,
0.001, and 0.015, respectively. These variables are
strong predictors of market share under business
performance. Hypothesis H01c is accepted for these
variables. Negative factors will be tested again
in another project.

Table 5. ANOVA: my market share
Sum of Squares

Df

Mean Square

F

Significance

Regression

57.237

26

2.201

2.383

.000

Residual

365.763

396

.924

Total

423.000

422
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Table 6. Regression coefficients indicating the significance
of entrepreneurial orientation variables to business performance (my market share)
Standardized Coefficients
Bootstrap
(1,000) Estimate
of Std. Error

Df

F

Significance

Beta

One should try new ways of doing
things.

.165

.078

2

4.414

.012

One should adopt from competitors new ways of doing business.

.026

.128

1

.042

.837

One should try new lines of products or service

.188

.092

3

4.212

.014

One should try many new lines
of product services

.189

.079

2

5.811

.001

Typically responds to actions that
competitors initiate

.179

.177

2

1.025

.360

Is seldom the first business to introduce new product/services,
administrative techniques, operating technologies etc.

.069

.140

2

.246

.782

Is very often the first business to
introduce new product/services,
administrative techniques, operating technologies

.188

.123

2

5.811

.015

Is the one with strong tendency
to follow the leader in introducing
new product or ideas

-.150

.153

1

.961

.328

It is important to have a strong
proclivity for low-risk projects
(with normal and certain rates
of return)

.100

.091

3

1.212

.305

It is important to have a strong
proclivity for high-risk projects
(with chances of very high returns)

.208

.186

3

1.244

.293

It is unimportant to have a strong
proclivity for low-risk projects

.120

.118

2

1.047

.352

It is unimportant to have a strong
proclivity for high risk projects

.066

.142

2

.215

.807
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Table 7. ANOVA: my return on investment
Sum of Squares

Df

Mean Square

F

Significance

2.049

.003

46.447

24

1.935

Residual

364.553

386

.944

Total

411.000

410

Regression

Table 8. Regression coefficients indicating the significance
of entrepreneurial orientation variables to business performance
Standardized Coefficients
Beta

Bootstrap
(1,000) Estimate
of Std. Error

Df

F

Significance

One should try new ways of doing
things.

.104

.112

1

.864

.353

One should adopt from competitors new ways of doing business.

.176

.150

2

1.375

.254

One should try new lines of products or service

.128

.146

1

.764

.018

One should try many new lines of
product services

.055

.122

1

.205

.651

Typically responds to actions that
competitors initiate

.092

.135

1

.469

.494

Is seldom the first business to introduce new product/services,
administrative techniques, operating technologies etc.

.112

.102

3

1.206

.307

Is very often the first business to
introduce new product/services,
administrative techniques, operating technologies

.172

.105

3

2.685

.016

.012

.136

1

.008

.928

.096

.127

2

.571

.566

.216

.103

3

4.412

.012

It is unimportant to have a strong
proclivity for low-risk projects

.115

.112

4

1.045

.384

It is unimportant to have a strong
proclivity for high risk projects

.036

.140

2

.066

.936

Is the one with strong tendency to
follow the leader in introducing
new product or ideas.
It is important to have a strong
proclivity for low-risk projects
(with normal and certain rates of
return)
It is important to have a strong
proclivity for high-risk projects
(with chances of very high returns).
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4.4

My return on investment

There is a significant positive relationship exists
between entrepreneurial orientation and business
performance (H01a: my return on investment).
With regard to “my return on investment”, some
variables affect business performance. The significance level of some of the variables falls above
the 0.05% level of significance. There are few predictors of business performance.
The results from the analysis of variance are depicted
in Table 7. These show that the model variance
(1.935) is considerably higher than the error variance
(0.944), indicating that the different predictors separately and conjointly succeeded in predicting business performance significantly at 95% level
of certainty.
With regard to “my return on investment”, the majority of variables are above 0.050 level of significance and can therefore be regarded as weak
predictors of business performance.
With regard to “my return on investment”, the majority of variables (from entrepreneurial orientation)
are above 0.050 level of significance and can therefore be regarded as weak predictors of business performance but only three (one should try new lines
of products or service; it is important to have
a strong proclivity for high-risk projects (with
chances of very high returns); is very often the first
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business to introduce new product/services) are predictor of business performance with significance
level of 0.018, 0.016, and 0.012, respectively. Hypothesis H01d is accepted on these variables only and
rejected on variables that are negative. Further test
on weak predictors will be done in another study.
4.5

Number of employees

There is a significant positive relationship exists
between entrepreneurial orientation and business
performance (H01e: number of employees).
With regard to “number of employees” some variables (from entrepreneurial orientation) affect business performance. The significance level of all the
variables falls above the 0.05% level of significance.
There are few strong predictors of business performance.
The results from the analysis of variance are depicted
in Table 9. These show that the model variance
(2.109) is considerably higher than the error variance
(0.930), indicating that the different predictors separately and conjointly succeeded in predicting business performance significantly at 95% level
of certainty. With regard to “number of employees”,
the majority of variables are above 0.050 level
of significance and can, therefore, be regarded
as weak predictors of business performance.

Table 9. ANOVA: number of employees
Sum of Squares

Df

Regression

54.841

26

2.109

Residual

371.159

399

.930

Total

426.000

425

With regard to “number of employees”, some of the
variables are above 0.050 level of significance
and can therefore be regarded as weak predictors
of business performance but at least six (one should
try new ways of doing things; typically responds
to actions that competitors initiate; one should try
many new lines of products or service; one should
try new lines of products or service; is very often the
first business to introduce new product/services; it is

Mean Square

F

Significance

2.268

.000

important to have a strong proclivity for low-risk
projects (with normal and certain rates of return), are
predictors of business performance under “number
of employees” with significance level of 0.003,
0.015, 0.008, 0.016, 0.008, and 0.032 respectively.
Hypothesis H01e is accepted with these variables.
Negative variable are rejected and will need further
tests in another study.
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Table 10. Regression coefficients indicating the significance
of entrepreneurial orientation variables to business performance
Standardized Coefficients
Bootstrap
(1,000) Estimate
of Std. Error

Df

F

Significance

Beta

One should try new ways of doing
things

.222

.123

2

3.238

.003

One should adopt from competitors new ways of doing business

.109

.122

2

.808

.447

One should try new lines of products or service

.215

.079

3

7.377

.015

One should try many new lines
of product services

.207

.098

2

4.480

.008

Typically responds to actions that
competitors initiate

.165

.078

2

4.414

.016

Is seldom the first business to introduce new product/services,
administrative techniques, operating technologies etc.

.030

.143

1

.045

.833

Is very often the first business
to introduce new product/services,
administrative techniques, operating technologies

.186

.082

3

5.087

.008

Is the one with strong tendency
to follow the leader in introducing
new product or ideas

.134

.104

3

1.673

.172

It is important to have a strong
proclivity for low-risk projects
(with normal and certain rates
of return)

.184

.113

2

2.641

.032

It is important to have a strong
proclivity for high-risk projects
(with chances of very high returns)

.107

.099

2

1.165

.313

It is unimportant to have a strong
proclivity for low-risk projects

.034

.100

3

.119

.949

It is unimportant to have a strong
proclivity for high risk projects

.024

.118

1

.041

.840
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Table 11. ANOVA: product lines
Sum of Squares

Df

Mean Square

F

Significance

Regression

71.565

25

2.863

3.231

.000

Residual

354.435

400

.886

Total

426.000

425

Table 12. Regression coefficients indicating the significance
of entrepreneurial orientation variables to business performance
Standardized Coefficients
Beta

Bootstrap
(1,000) Estimate
of Std. Error

Df

F

Significance

One should try new ways of doing
things.

.098

.060

2

2.614

.075

One should adopt from competitors new ways of doing business.

.134

.091

2

2.176

.115

One should try new lines of products or service

.184

.113

2

2.641

.009

One should try many new lines of
product services

.212

.076

2

7.785

.005

Typically responds to actions that
competitors initiate

.207

.098

2

4.480

.004

Is seldom the first business to introduce new product/services,
administrative techniques, operating technologies etc.

.011

.114

1

.010

.922

Is very often the first business to
introduce new product/services,
administrative techniques, operating technologies

.186

.085

2

4.718

.001

Is the one with strong tendency to
follow the leader in introducing
new product or ideas

.016

.130

2

.014

.986

It is important to have a strong
proclivity for low-risk projects
(with normal and certain rates of
return)

.162

.080

2

4.077

.014

It is important to have a strong
proclivity for high-risk projects
(with chances of very high returns)

.147

.064

3

5.332

.000
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Table 12. Regression coefficients indicating the significance
of entrepreneurial orientation variables to business performance (cont.)
Standardized Coefficients

4.6

Bootstrap
(1,000) Estimate
of Std. Error

Df

F

Significance

Beta

It is unimportant to have a strong
proclivity for low-risk projects

.135

.097

3

1.940

.123

It is unimportant to have a strong
proclivity for high risk projects

.074

.117

2

.402

.669

Product lines

There is a significant positive relationship exists
between entrepreneurial orientation and business
performance (H01f: product lines).
With regard to “product lines” some variables (from
entrepreneurial orientation) affect business performance. The significance level of most of the variables falls above the 0.05% level of significance.
They are not strong predictors of business performance.
The results from the analysis of variance are depicted
in Table 11. These show that the model variance
(2.863) is considerably higher than the error variance
(0.886), indicating that the different predictors separately and conjointly succeeded in predicting business performance significantly at 95% level of
certainty.
With regard to “product lines”, some of the variables are above 0.050 level of significance and can
therefore be regarded as weak predictors of business
performance.
With regard to “product lines”, some variables (entrepreneurial orientation) are above 0.050 level
of significance and can, therefore, be regarded as
weak predictors of business performance but only
six (one should try many new lines of product services; is very often the first business to introduce
new product/services, administrative techniques,
operating technologies; one should try new lines
of products or service; it is important to have
a strong proclivity for low-risk projects; typically
responds to actions that competitors initiate; it is

important to have a strong proclivity for high-risk
projects), are predictor of business performance
under “product line” with significance level
of 0.009, 0.005, 0.004, 0.001, 0.014, and 0.000 respectively. Hypothesis H01f is accepted with these
variables and rejected with weak predictors of business performance factors.
These findings, depicting the magnitude of the business environment in the study area, clearly confirm
the positive impact of entrepreneurial orientation
on business performance. This conclusion enlightens
the first research question, namely, the possible positive impacts of entrepreneurial orientation on business performance.
The variables relating to this phenomenon are best
predictors of business performance. The strong predictive value of entrepreneurial orientation as independent variables of business performance confirms
that these factors should be there in individual entrepreneur for the business to perform better. It is clear
from the above tables that other variables do not
impact the business performance at all.
5

Conclusion and recommendations

As indicated earlier, some of entrepreneurial orientation factors are not predictors of business performance. The following were found to be the
predictors of business performance: is very often the
first business to introduce new product; one should
try many new lines of product services; it is important to have a strong proclivity for low-risk projects (with normal and certain rates of return);
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typically responds to actions that competitors initiate; it is important to have a strong proclivity
for high-risk projects (with chances of very high
returns);and one should try new lines of products
or service.
The rest of the factors were found to be weak predictors of business performance. Therefore they should
be taken out of the factors that predict business performance.
The study done by Radipere (2013) finds that there is
a significant correlation between entrepreneurial
orientation and business performance. This result
confirms Wiklund and Shepherd’s (2005:90) finding
that entrepreneurial orientation leads to higher performance and that businesses that adopt a strong
entrepreneurial orientation perform better than ones
that do not.
The findings of this article suggest that entrepreneurial orientation (proactiveness, innovativeness,
and risk taking) positively influence small business
performance. Entrepreneurial orientation is not
a luxury of firms in high growth industries with
abundant financial capital but entrepreneurial orientation can be used to overcome environmental and
resource constraints. Firms in these situations can be
superior performers if they have a high entrepreneurial orientation (Wiklund and Shepherd, 2005).
Entrepreneurial orientation provides the business
with the ability to find or discover new opportunities
that can differentiate them from other firms and create a competitive advantage.
The level of significance of the 7 of 12 independent
variables suggests that entrepreneurial orientation be
classified as the strongest predictor of business performance.
The study suggests that scholars may need to pay
greater attention to both joint and interdependent
effects of performance predictors rather than a reliance solely on main effects or two-way interactions.
By using entrepreneurial orientation, managers can
benefit from being innovative and proactive and
from pursuing risky new initiatives, thus differentiating their firms from competitors.

6
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Limitation and future research

Owing to localized nature of the study in Gauteng
province (South Africa) as well as small sample size
involved, the findings of this study cannot be generalized. This becomes a major limitation when the
small sample in Gauteng province only is considered
against the fact that there are more than 10,000
SMMEs in the country. It is suggested that future
studies could perhaps use sample from all nine provinces in South Africa to present an overall picture
of SMMEs.
7

References

[1]

Andendorff C.M. (2004) - The development
of a cultural family business model of good governance for Greek family business in South Africa. Doctoral thesis in Business Management,
Rhodes University, Grahamstown.

[2]

Antonic B., Hisrich R.D. (2003) - Clarifying the
intrapreneurship concept. Journal of Small
Business and Enterprise Development, 10 (1): 724.

[3]

Bandura A. (1997) - Self-efficacy. The exercise
of control. New York: Freeman & Co.

[4]

Cooper A.C, Gascon E.J.G.(1992) - Entrepreneurs, processes of founding, and new-firm performance in The state of art of entrepreneurship, edited by DL Sexton & JD Kassadra.
Boston: PWS-Kent.

[5]

Cooper D.R. Schindler P.S. (2008) - Business
research methods. 10th edition. Boston:
McGraw-Hill Irwin.

[6]

Global Entrepreneurship Monitor (GEM) (2013)
- 2013 Report on Higher Expectation Entrepreneurship from: www.gemconsortium.org (accessed on 1 June 2014).

[7]

Global Entrepreneurship Monitor (GEM) (2014)
- 2015 Report on Higher Expectation Entrepreneurship from: www.gemconsortium.org (accessed on 1 April 2015).

[8]

Li Y.H, Huang J.W, Tsai M.T. (2009) - Entrepreneurial orientation and company performance: The role of knowledge creation process.
Industrial Marketing Management 38(209):440449.

184

[9]

[10]

[11]

[12]

Simon Radipere

Lumpkin G.T., Dess G.G. (2001) - Linking
two dimensions of entrepreneurial orientation
to business performance: The moderating role
of environment and industry life cycle. Journal
of Business Venturing 16:429-451.
Murphy G.B., Trailer J.W., Hill R. (1996).
Measuring performance in entrepreneurship research. Journal of Business Research. Vol.
36(1): pp15-23.
Radipere N.S. (2013) - Analysis of local and
immigrant entrepreneurship in the South African
small enterprise sector (Gauteng province).
D Com (Business Management) thesis, University of South Africa, Pretoria.
Rauch A., Wiklund J., Lumpkin G.T., Frese M.
(2009) - Entrepreneurial orientation and busi-

ness performance: An assessment of past research and suggestions for the future. Entrepreneurship Theory and Practice 33(3):761-787.
[13]

Rwigema H., Urban B., Venter R. (2008) - Entrepreneurship. Theory in practice. 2nd edition.
Cape Town: Oxford University Press.

[14]

Wiklund J., Shepherd D. (2003) - Knowledgebased resources, entrepreneurial orientation and
performance of small and medium businesses.
Strategic Management Journal 24:1307–1314.

[15]

Wiklund J., Shepherd D. (2005) - Entrepreneurial orientation and small business performance:
A configurational approach. Journal of Business
Venturing 20:71-91.

Foundations of Management, Vol. 7 (2015), ISSN 2080-7279
DOI: 10.1515/fman-2015-0035

185
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Abstract: In the present paper, we investigate the Gompertz function, which is commonly used,
mostly as diffusion model, in economics and management. Our approach is based on indicating
in a given time series, presumably with a Gompertz trend, some characteristic points corresponding to zeroes of successive derivatives of this function. This allows us to predict the saturation level of a phenomenon under investigation, by using only the early values of the time series. We also
give an example of applications of this method.
Keywords: Gompertz function, time series, Stirling number of the II kind, mathematical model.
1

Introduction

 qt

u(t)  u max e  ce ,

The Gompertz function is described by the following
differential equation of the first order
u' (t)  q u log

u max
, u(0)  u 0  0 ,
u

(1)

where t denotes time (or expenditures), u  u(t) is
the unknown function (a solution of equation (1)),
q, u max are constants (parameters of the equation)
and log(x) stands for the natural logarithm. The constant u max is called a saturation level. The integral
curve u  u(t) of the equation (1), fulfilling condi-

tion 0  u(t)  u max is known as the Gompertz function.
A phenomenon described by equation (1) and
function u(t) has an important property that its rate
of growth u (t) is proportional to the level already
achieved i.e., u(t) . On the other hand, if u(t) is
sufficiently large and close to u max , then the factor
u max
is more significant and its influence
u
inhibits further growth of the function u(t) .
log

From mathematical point of view equation (1) is the
first order ordinary differential equation, which is
easily solved by the method of the separation
of variables. After solving it we obtain the following
formula for the Gompertz function

(2)

where constant c appears in the integration process
of (1) and is connected with the initial condition
u
u(0)  u0  u maxe  c , thus c  log max  0 .
u0
Mahjan et al. [4] show areas in which various
S-shaped curves are used as diffusion models. The
authors find that the Bass function can be used
for modeling of consumer durable goods, retail services, agricultural, education, and industrial innovations. The logistic curve serves as model in industrial, high technology, administrative innovations,
and the Gompertz function can be used for modeling
consumer durable goods and agriculture innovations.
This division into the areas of application is then
confirmed in other studies (see [2, and 3]). Many
different applications of the Gompertz curve are
given moreover in papers [7, and 8].
The main idea of the present paper is to look, among
the data of a given time series, for some
characteristic points, which correspond to zeroes
of derivatives of the Gompertz function. One
of these points is clearly the point corresponding
to the inflection point (i.e., the zero of u  ) of the
Gompertz curve, at which, as is well known,
the function takes value 0,368u max .
For a sufficiently long time series, the point
corresponding to the inflection point is easy to locate
approximately, even from the graph.
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If the data were collected for the times spaced
equally, then, instead of estimating the values of the
first derivative, it is sufficient to calculate successive
first order differences and seek for their maximum
to find an approximate value of the inflection point.
What we can do however, when the time series is
not long enough, and we expect that the investigated
phenomenon follows the Gompertz curve? When
the phenomenon is on an early stage of growth
and the data is available only in a relatively short
time interval? Statistical methods for estimating
the parameters of the Gompertz function based,
for example, on the method of the nonlinear least
squares may be unreliable, since functions having
significantly different values of the saturation level
may produce only slightly differing error values.

(maximum) of the second derivative u ) occurs at
the point, where the value of the logistic function is
approximately 0,0729 u max .
Similar method was used in our paper [5]
for phenomena having the logistic trend.
By considering examples from the field of economics and management we have demonstrated its
usefulness and effectiveness.
In the present article, we use some formulas
concerning the Gompertz function, which have been
proved in paper [6].
2

Properties of the Gompertz function

In contrast to the logistic function the Gompertz
function does not have a symmetrical first derivative.
Therefore, at the inflection point, the Gompertz function takes approximately the value 0,368u max , which

A way to explain of the situation seems in seeking,
in the time series, points corresponding to zeroes
of successive derivatives of the Gompertz function.
For equally spaced time points this is equivalent
to calculating successive differences.

function at its inflection point).

For example, as we will see in Section 3, the zero of
the third derivative u (i.e., the extreme

The graph of an exemplary Gompertz function is
shown in Fig. 1.

is less than u max /2 (it is the value of the logistic

u(t)

t

Figure 1. The Gompertz function with parameters q  0,7; u max  7; c  5
(source: own elaboration in a spreadsheet)

We will introduce now Stirling numbers of the II
kind because they are used in formulas for higher
derivatives of the Gompertz function (see [1]
for a good description of these numbers).

The Stirling number of the II kind, denoted by Knuth
by n  is defined in combinatorics as the number
k
 

of ways of partitioning a set of n elements into
k nonempty subsets.
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For example three elements set consisting, say
of numbers 1, 2, 3 can be partitioned into two
nonempty subsets in three ways ({1} and {2, 3}
or {2} and {1,3} or {3} and {1, 2}), only one way
into three nonempty subsets ({1}, {2} and {3})
and also one way into one nonempty subset (in this
case it is the whole set {1, 2, 3}).
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3
3
3
Thus    1,    3,    1 .
1

2 

3

The first few Stirling numbers of the II kind are given in Table 1.

Table 1. Stirling numbers of the II kind
(source: Graham, Knuth and Patashnik [1])

n

n 
 
1 

n 
 
2 

n 
 
3

n 
 
4 

1

1

2

1

1

3

1

3

1

4

1

7

6

1

5

1

15

25

10

1

6

1

31

90

65

15

1

7

1

63

301

350

140

21

The Stirling numbers of the II kind, as well as
Newton binomial numbers, in addition to use in
combinatorics, appear in many formulas of the
broadly understood mathematical analysis.

u (n) (t)  q n

n

 (1)

n 
 
6 

n 
 
7 

1

In paper [4] we have proved, among other results,
that if u(t) is a solution of the equation (1) then its
(n)
n -th derivative u (t) is given by the following

formula:

n  k n 

k 1

n 
 
5 

  u log
k 

k

u max
u

(3)

Using formula (3) and Table 1 let us write down formulas for the first few derivatives

u' ' (t)  q 2 u log
u' ' ' (t)  q3u log
u (4) (t)  q 4 u log

u 
u max 
  1  log max 
u 
u 

u max 
u

2 u
1  3 log max  log max 
u 
u
u 

u max 
u

2 u
3 u
  1  7 log max  6 log max  log max 
u
u
u 
u 

From formula (4) it follows, what we have already
mentioned, that the value of the Gompertz function
at the only inflection point is equal:
u max /e  0,368u max .
In turn, by analyzing the quadratic function defined
in brackets on the right hand side of (5), we easily

(4)
(5)
(6)

come to the conclusion that the value of the Gompertz function at the least zero point of its third derivative (it is simultaneously the maximum point
of the second derivative) is equal:

exp((3  5 )/2)umax  0,0729umax .

188

Grzegorz Rządkowski, Iwona Głażewska, Katarzyna Sawińska

Similarly, numerically computing the zeroes of the
cubic polynomial in the brackets of (6) (note that
the Cardano formulas give exact expressions but
they are too difficult for practical use in this case) we
are able to estimate the value of the Gompertz function at the least zero point of its fourth derivative as
exp( 4,49086)u max  0,0112u max .
3

Applications

We will now attempt to apply the results derived
in the previous section for actual data. The data are
presented in Table 2 in column 2 and are for sale

in the consecutive 41 weeks in year 2013 (Week,
column 1) of bicycle accessories (expressed in hundreds PLN rounded to the nearest hundred after
completing the calculation) in a large retail chain
of sport goods in Poland. The name of the retail
chain has been reserved. column 3 shows the Total
Sale, cumulatively in weeks 1 to 41 (see also Fig. 2).
column 4 contains the exponentially smoothed values from column 2, with a smoothing constant equal
to 0.17, and column 5 consecutive sums of the numbers from column 4. We will try to predict
the saturation level using only the early part of the
time series.

Table 2. Working table
(source: own elaboration based on the collected data)
Exponential
smoothing
-45 117

Total
-55 117

Δ2y

Δ3y

-6-

-7-

Week
-11

Sales
-25 117

Total Sales
-35 117

2

5 569

10 686

5 117

10 233

3

5 896

16 582

5 194

15 427

77

4

4 929

21 511

5 313

20 740

119

5

8 110

29 621

5 248

25 988

6

8 491

38 112

5 734

31 722

487

7

9 265

47 376

6 203

37 925

469

8

12 028

59 405

6 723

44 648

521

52

9

44 264

103 669

7 625

52 274

902

381

10

67 592

171 262

13 854

66 128

6 229

5 327

11

53 566

224 828

22 989

89 117

9 136

2 907

12

48 381

273 209

28 188

117 305

5 198

- 3 937

13

51 245

324 454

31 620

148 925

3 433

- 1 765

14

84 510

408 964

34 957

183 882

3 336

-

15

200 786

609 750

43 381

227 262

8 424

5 088

16

326 679

936 429

70 140

297 402

26 759

18 335

17

359 837

1 296 266

113 751

411 153

43 612

16 853

18

286 480

1 582 747

155 586

566 739

41 835

- 1 777

19

344 658

1 927 405

177 838

744 577

22 252

- 19 583

20

271 164

2 198 569

206 197

950 775

28 359

6 107

21

264 860

2 463 429

217 242

1 168 016

11 044

- 17 315

22

259 355

2 722 784

225 337

1 393 353

8 095

- 2 949

23

230 485

2 953 269

231 120

1 624 473

5 783

- 2 312

24

257 313

3 210 583

231 012

1 855 485

108

- 5 891

-

-

65

43
-

185
552

-

18

97
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Table 2. Working table, cont.
Week
-125

Sales
-2265 185

Total Sales
-33 475 767

Exponential
smoothing
-4235 483

Total
-52 090 968

2 y

3 y

-64 471

-74 579

26

214 461

3 690 228

240 532

2 331 501

5 049

578

27

233 047

3 923 275

236 100

2 567 601

-

4 432

- 9 481

28

216 963

4 140 238

235 581

2 803 182

-

519

3 913

29

217 461

4 357 699

232 416

3 035 599

-

3 165

- 2 646

30

219 114

4 576 813

229 874

3 265 472

-

2 542

623

31

203 742

4 780 555

228 045

3 493 517

-

1 829

713

32

187 717

4 968 272

223 913

3 717 430

-

4 131

- 2 302

33

148 933

5 117 205

217 760

3 935 190

-

6 153

- 2 022

34

130 007

5 247 212

206 059

4 141 249

- 11 701

- 5 547

35

123 898

5 371 110

193 130

4 334 380

- 12 929

- 1 228

36

98 856

5 469 966

181 361

4 515 741

- 11 770

1 159

37

61 598

5 531 564

167 335

4 683 076

- 14 026

- 2 256

38

42 018

5 573 582

149 360

4 832 435

- 17 975

- 3 949

39

42 823

5 616 404

131 112

4 963 547

- 18 248

-

40

35 153

5 651 558
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Denote by yn consecutive values in column 5, in-

formula (Δ2 y)n  y n  2 yn1  y n2 and the third one

dexed by the week numbers from column 1.
The columns 6 and 7 show respectively the second
and third differences of the numbers from column 5.
Let us recall that the second difference is defined by

as (Δ3y)n  y n  3 yn 1  3 yn 2  y n 3 .
Note that the greatest second difference appears
in the 17th week and corresponds to the number
y17  411,153 in column 5.

Figure 2. Total Sale of the bicycle accessories (data from column 3, Table 2)
(source: own elaboration based on the collected data)
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Thus, using the final conclusions from the previous
section we estimate the saturation level as:
y max  411,153/0. 0729  5,639,961 .
Since the next second difference (calculated for the
18th week) is only slightly less, that is, in 17th week
does not occur a distinct maximum, it seems that the
above obtained value could be slightly enlarged.
We also see that the maximum of the third difference
occurred in 10th week and corresponds to the value
y10  66,128. Therefore the estimated saturation
level will be equal to:
y max  66,128/0.0 112  5,904,241 .

We believe that our method, which consists of finding in a given time series, the points corresponding
to zeroes of subsequent derivatives of the function
describing the phenomenon under investigation, requires further study. One should examine its usefulness for others, possibly large datasets.
Furthermore, it seems that the method should
be used together with existing methods of determining the characteristics of an S-shaped curve, for example, with the nonlinear least squares method.
5
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Conclusions

The smoothing constant 0.17, used in the calculations of Table 2, has been selected empirically.
We wanted to remove random fluctuations from the
initial part of the time series. We have checked however, that one could take here any value in the range
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Abstract: When examining retail patronage, customer satisfaction must also be considered. Secondary
resources (American Marketing Association, 2007; Berman, 2011; Berry, 2008; Chang, 2006:209;
Helgesen & Nesset, 2007: 129 and Kong and Jogaratnam, 2007:279) observed that customer satisfaction is the degree to which a customer’s expectations agree with the actual performance of the product
and or service. South African consumers situated in Gauteng consider a sales person’s product
knowledge as the most important attribute when making purchasing decisions. American consumers
in contrast consider sales person respect as the most important attribute when making purchasing decisions. The implications for marketers and sales managers are that marketers and sales managers must
provide adequate training for their sales personnel in order for them to treat customers in such a way
to obtain their loyalty. The quality of the products sold at the retailer does not form part of the trade-off
options that customers are presented with.
Keywords: retail store customer, prices compared to competitors, sales person product knowledge, sales
person responsiveness, South African retail consumers.

1

Introduction

The ever changing retail environment creates several
challenges for retailers, such as emphasising quality,
value, customer satisfaction, and customer retention
(Reichheld, 2006; Siu and Cheung. 2011). Since
competition between retailers have increased due
to the increase in shopping centres and the steep rise
in product prises, retailers are forced to provide
a level of service that would make customers return
to their stores instead of going to competitors’ stores.
This study examines the importance that customers
place on service attributes of the sales personnel
in the retail sector.
This is a retail patronage intention study conducted
in Gauteng, South Africa amongst individuals who
had purchased a cell phone to the value of at least R2
500 or more. As the South African retail markets
move toward saturation and consumers take advantage of price competition, understanding the role
of price as a driver of retail selection.
Low prices, in the form of either price promotions or
general price levels, can create store traffic and increase category sales but the extent to which con-

sumers use price as an indicator of quality depends
on the information available to the consumer.
The study furthermore examines the impact of selected salesperson service attributes and levels
on consumer patronage intentions in a consumer
electronics store setting.
Some studies found that various aspects of convenience can be influential on customers satisfaction
with the service received. Two of these are a customer’s reduced mental effort and perceived waiting
time (Darian and Cohen, 2005; Darian, Tucci, and
Wiman 2001).
Therefore the following hypothesis was formulated:
H1a: The price of a product is negatively related
to retail patronage.
H0a: There is no relation between the price
of a product and retail patronage.
H2a: There is a positive correlation between salesperson’s product knowledge and retail patronage.
H0a: There is no correlation between a salesperson’s
product knowledge and retail patronage.
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Literature review

 Customer satisfaction and service quality
Customer satisfaction is the degree to which a customer’s expectations agree with the actual performance of the product and or service (American
Marketing Association, 2007; Berman, 2011; Berry,
2008; Chang, 2006:209; Helgesen & Nesset, 2007:
129 and Kong and Jogaratnam, 2007:279). Customers form service quality expectations based upon
previous retail store service received; they are further
influenced by information provided by people that
surround them and whose advice they would follow
(American Marketing Association, 2007 and Gilbert
and Veloutsou, 2006: 298). Darian et al (2001) observes that dissatisfied customers generally do not
enter complaints at the store but rather complain
about the service received to friends, family
and other people in their influential group. Furthermore, they pointed out that dissatisfied customers
tend to either switch to another store or spend less
time at the store that do not provide the expected
service or price that the customer is willing to pay.
In order to critically and successfully determine customers’ service quality, retailers must determine
the factors that customers use when they evaluate
the actual service quality (Sureshchandar, Chandrasekharan and Anantha-raman, 2002:368; Yap
and Sweeney, 2007:142).
 Product price and value
Value can be defined as a subjective process whereby the consumer weighs benefits received against
sacrifices incurred, where the benefits include
the entire service process, emotional and social aspects (Roig, Garcia, Tena and Monzonis, 2006:270).
The strong relationship between consumers’ perceived value and their intention to purchase, as well
as the effect of perceived value on word-of-mouth
communications have been demonstrated in previous
literature (Alexandris, Dimitiradis & Markata,
2012:227).
Secondary research (Moore & Carpenter, 2006:266)
suggests that retail customers perceive price in both
positive and negative cues that ultimately influence
their purchasing behaviour. When price is perceived
as a positive cue, it signals quality, prestige, or status
to the customer. When it is perceived as a negative

cue, it is perceived as an economic sacrifice. In both
positive and negative respects, perceptions of price
operate as marketplace cues that aid the customers
in their purchase decision making process. Moore
and Carpenter (2006:268) identified that customers
who are highly price conscious usually visit low
priced stores, mass discounters, and value priced
retailers, as they tend to be more sensitive towards
the prices that a retailer charge for a product.
In this study the researchers considered seven different retail situations, but were not product specific.
Thus, after considering the literature the following
hypothesis was decided on using cell phones as
a specific product category:
H1a: The price of a product is negatively related
to retail patronage.
 Sales people performance attributes
In a retail store setting, the interaction between sales
personnel and customers constitute a unique
and important dimension of performance. This is due
to the fact that customers form an image about the
store and its service quality based upon the service
provided by the sales personnel. As such, it stands
to have a strong impact on retail customer satisfaction (Babakus, Bienstock and Van Scotter, 2004:727723). The interaction between the retail store’s sales
personnel and the customer forms part of the personal interaction dimension of a service and the price
levels of the retail store form part of the reliability
dimension of the service (Siu & Cheung, 2001:89).
The personal interaction dimension of a service can
include whether personnel are courteous, helpful,
and knowledgeable and whether they inspire confidence and trust from the customer. The reliability
dimension include whether the retailer keep promises
made to customers through its various communication methods (Siu & Cheung, 2001:89). Therefore
knowledge about customer perceptions regarding
the critical dimensions of salesperson performance
is crucial if the retail firm is to provide quality, value
and satisfaction (Robledo, 2001:26). Despite this,
previous studies have shown 19% of salespeople
receive no training, not even introductory training;
resulting in sales personnel not considering the customer when delivering a service (Pettijohn and Pettijohn, 1994:21). For the purpose of this study,
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the focus will be placed on two of the salesperson
attributes that contribute to the consumer decision
making. This is namely salesperson’s product
knowledge and salesperson’s responsiveness. These
concepts will now be discussed in more detail.
 Salesperson product knowledge
The level of product knowledge illustrated by
a salesperson is believed to influence retail patronage. A study done by Discount Store News in 1995
showed that there is an increased demand from consumers for more knowledgeable salespeople.
The more knowledgeable the salesperson, the more
likely the consumer will be to return to the store
for similar purchases, as he/she knows that the sale
team will be able to assist them in making the right
choice. This gives the consumer peace of mind when
purchasing a product from the particular store.
Therefore the second hypothesis that will be tested
in this study is as follows:
H2a: There is a positive correlation between salesperson’s product knowledge and retail patronage.
 Salesperson responsiveness
Another factor that is believed to have an influence
on retail patronage is salesperson responsiveness.
Tucci (2001:206) highlighted a study done by Speer
(1995) that identified that salespeople who are overly
talkative or distant are viewed less favourably
by consumers. By doing proper training a salesperson can see when a consumer needs assistance.
The more approachable and open a salesperson is
towards the consumer the more likely the consumer
will be to return to the store where he/she made the
first purchase. From the above argument the following hypothesis were developed and will be tested
in this study:
H3a: There is a positive relationship between salesperson responsiveness and retail patronage.
Taking the above literature discussion into account
the following section will discuss the methodology
used in the study.
3

Methodology

100 consumers in Gauteng who purchased a cell
phone within the previous three months, to a value of
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at least R2 500, were asked to evaluate their preferences with regard to service levels at retail stores.
The service levels were:
 Prices compared to competitors (Prices about
R120 below competitors; Prices about the same
as competitors; Prices about R120 above competitors).
 Salesperson
knowledge
(Poor
product
knowledge; Fairly good product knowledge; Excellent product knowledge).
 Salespersons responsiveness (Not responsive –
uses hard sell approach; Fairly responsive to customers’ needs; Very responsive to customers’
needs).
The South African study used conjoint analysis as
the basis to investigate customers’ preferences for
customer service levels and features. Most people,
when asked to rate how important customer service
attributes are would indicate that all or most are important as will be seen with derived importance
of the attributes. With conjoint analysis, individuals
are presented with different levels within the attributes, and this approach therefore combines realistic
trade-offs when individuals indicate preferences.
Respondents within LSM (Living Standards Measure) 6-10 segments were approached with the objective of finding 100 who had purchased a cell phone
within the last three months. All interviews were
conducted on personal basis.
 Testing of two conjoint tables
The final research output confirms that the results
show specific differences in the asymmetrical design
vs. the symmetrical design. The summary of findings compares the output of the symmetrical design
and it was found that the output of the symmetrical
design is a more valid representation of customers
trade-off’s when making a purchasing decision.
4

Research results

Fig. 1 indicates retail customers’ perception about
the three attributes measured namely; price level,
salesperson product knowledge, and salesperson
responsiveness.
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Figure 1. South African consumer preferences for retail salesperson abilities and price levels (LSM 6-10)

In Fig. 1 it is evident that South African consumers
(in Gauteng) purchasing electronic goods (such as
cell phones) value excellent product knowledge
in a salesperson at a much higher level than the
salesperson/retailer offering lower or similar prices
to competitors.

negatively impact on the purchase of electronic
goods from such a retailer or salesperson. Therefore
H2a can be accepted, there is in fact a positive relationship between a salesperson’s product knowledge
and the retail patronage.

In fact, prices below competitors emerged with the
third lowest positive utility indicating that pricing,
compared to other service attributes, contributes
proportionately much less to a successful sale than
product knowledge and responsiveness do. The following hypothesis was formulated:

H3a: There is a positive relationship between salesperson responsiveness and retail patronage.

H1a: The price of a product is negatively related
to retail patronage
The results indicated that H1a can be neither accepted
nor rejected and therefore the null hypothesis will be
accepted, there is no relation between the price
of a product and retail patronage.
The following hypothesis was formulated:
H2a: There is a positive correlation between salesperson’s product knowledge and retail patronage.
It is also apparent in Fig. 1 that poor product
knowledge in a salesperson/retailer emerged with
the lowest negative utility. This implies that lack
of product knowledge in a salesperson/retailer will

The following hypothesis was formulated:

It is also apparent in Fig. 1 that poor responsiveness
in a salesperson/retailer is a factor which has an influence on retail patronage. This implies that poor
salespersons responsiveness will negatively impact
on the purchase of electronic goods from such a retailer or salesperson. Therefore H3a can be accepted,
there is in fact a positive relationship between
a salesperson’s product knowledge and the retail
patronage.
Fig. 2 shows the linear relationship between retail
consumers’ perceptions about the different levels
of retail store prices.
Fig. 2 indicates that it makes little difference whether
prices are about the same as competitors or below
that of competitors, but prices above competitors
(in and of itself) is viewed negatively by store consumers.
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Figure 2. Consumer perceptions about retail store prices
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Figure 3. Consumer perceptions about salesperson product knowledge
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Fig. 3 shows the linear relationship between retail
consumers’ perceptions about salesperson product
knowledge In Fig. 3 product knowledge has a reasonably linear relationship, although excellent product knowledge has three times the utility than fair
product knowledge. Poor product knowledge is
viewed extremely negatively. This shows that consumers are much less likely to purchase from
an outlet where there is poor product knowledge.
The following hypothesis was formulated:
H2a:

There is a positive correlation between salesperson’s product knowledge and retail patronage.

of risk, techno phobia or peer pressure. It shows that
consumers in South Africa (Gauteng) in general may
not be as knowledgeable about electronic goods
or do not always have the means (such as Internet
access) to gather information to make informed purchasing decisions. For many consumers a price tag
of at least R1000 does also offer a degree of risk and
reinforcement of the purchasing decision through
proper product knowledge and recommendation
of a product (brand) to satisfy each individual consumer’s specific needs is important when training
sales people.

The H2a was accepted and results show that there is
a linear relationship between retail consumers’ perceptions about salesperson responsiveness.

Although technical terminology may be of importance to use with certain customers that also have
above average of electronic goods, explanation
of product features in everyday language will engender trust amongst the average customers buying
an electronic good for the first time.

5

 Sales person responsiveness

Managerial implications

The initial interpretation of the results show that all
variables are regarded as important by customers
when making a purchase of cell phone of at least
R2500. The above variables can be regarded as minimum standards or entry level requirements for any
retail outlet if managed properly.
Compared to the restaurant industry for example,
a clean restaurant serving fresh food will also be two
variables that will be non-negotiable and be regarded
as entry level requirements. However, using conjoint
analysis to determine a trade off that customers will
make when choosing a retail outlet to buy electronic
goods does highlight preference as well as the extend
of these preferences of variables that may on face
level be regarded as equal in importance.
 Prices compared to competitors
It will be beneficial for sales staff to know the prices
of competitors and be trained with answers why
a cheaper or more expensive price adds more value
compared to competitors, either through, warranties,
after sales service or the other variables.
 Sales person product knowledge
This variable is regarded as the most important variable by Gauteng consumers which can be a function

Responsiveness is a function of a specific situation
and may differ from customer to customer.
The golden rule may at least be for sales staff
to offer their advice if so requested by the customer
as well as what the specifics of the advice will be,
such as:
- “I can give you a range of brands and prices
that the store offer.”
- “I can outline the price range of competitors.”
- “I can explain the basic product features of the
different brands and where they are manufactured.”
- “If you tell me what your main purpose
and use of the product is going to be, I can offer you a number of products to choose from
to best serve your needs.”
The conjoint trade off shows that responsiveness
should not be store policy, but should rather be one
that serves the needs of the customers. Being visible
and available when needed will likely be the first
step that management should put in place to meet the
different responsiveness needs that consumers might
have. Consumers want to see the salesperson but
only want their advice when needed.
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6

Conclusion

This study was inspired by a similar study conducted
in the States. The study explored the trade-offs made
by consumers during their purchasing decision
of electronic goods. It is evident that product
knowledge will have to form an important part of the
literature review as this is regarded as the most important attribute for South African consumers.
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The results of this study can be summaries as follows:
 H1a can be neither accepted nor rejected and
therefore the null hypothesis will be accepted,
there is no relation between the price of a product
and retail patronage.
 H2a was accepted and results show that there is
a linear relationship between retail consumers’
perceptions about salesperson responsiveness.
 H3a can be accepted, there is a positive relationship between a salesperson’s product knowledge
and the retail patronage.
South African consumers will find salesperson responsiveness, especially product knowledge important; consumers want to see the salesperson but
only want their advice when needed; and consumers
compare prices of competitors. The South African
consumer considered ‘proper product knowledge
and recommendation of a product (brand) to satisfy
each individual consumer’s specific needs as the
most important factor. The conclusion can be made
that may be the South African consumer is not that
knowledgeable about product feature. This is may
be due to the culture and technology level of the
country.
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Abstract: The goals of this research were to identify and describe the HTM sector in Warsaw and
to indicate which part had the highest market potential. The article presents the results of a multidimensional and multi-criteria classification analysis. The segmentation analysis performed made it possible
to extract the most distinguished subgroups of the HT population. Particular attention was paid to the
HTM exporters (HTME) group, which was identified as the most promising group of companies in the
HT sector. The description of the HTME subgroup paves the way for further research with the criteria
of differentiating and strengthening internal development in the HT population.
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1

Introduction

The analysis presented in this paper on the hightechnology manufacturing (HTM) sector in Warsaw
was undertaken as a part of the “Warsaw Entrepreneurship Forum”1 project.
The basic classification of the high-technology (HT)
industry, in terms of its technology level, divides it
into four categories: high technology, medium-high
technology, medium-low technology, and low technology [22]. The HT sector is important to the economy and has a significant impact on the nature
and pace of economic growth in developed countries.
Business activity in the area of high technology2
refers to the areas of manufacture, services, and
products, which are highly science-intensive, that is,
they are characterized by a high level of “science
intensity.” The latter manifests itself in the high values of two parameters: R&D intensity (calculated as
the ratio of expenditure on R&D in relation to sales

achieved by the company called) and the presence
of scientists and engineers in the staff [7, 9, 15, 16,
19, and 20].
A major distinction splits the HT sector into two
groups: manufacturers and service providers. Hightechnology Knowledge-Intensive Services (HT_KIS)
are as follows: motion picture, video, and television
production, sound recording, music publishing, programming and broadcasting, telecommunication,
computer programming, consultancy and related
services, information services, and, finally, scientific
research and development. However, the HT service
group is not the subject of this study. This study
focuses exclusively on the HT manufacturing (HTM)
branches, which are electronics, pharmaceuticals,
aviation, and spacecraft.
Statistics confirm a strong and growing position
of the HT sector in the overall market, as well as in
industrial production. Its share in added value of the
manufacturing industry3 in the European Union (EU)

1

The European Project is entitled “Stołeczne Forum Przedsiębiorczości” (Warsaw Entrepreneurship Forum) – “Development,
promotion and pilot implementation of new methods of collaboration between the Warsaw authorities and businesses in order
to ensure efficient management of economic change.” Cofounded by the EU under the European Social Fund, agreement
No. UDA-POKL.08.01.02-14-137/11.
2
In this article, the expressions “high-tech” and “high technology” are used synonymously, as well as represented by the abbreviation HT for the whole sector.

3

Value added at factor cost is the gross income from operating
activities after adjusting for operating subsidies and indirect
taxes. It can be calculated from turnover and capitalized production, plus other operating income, plus or minus the changes
in stocks, minus the purchases of goods and services, minus
other taxes on products that are linked to turnover, but not deductible, minus the duties and taxes linked to production (source:
Eurostat).

200

Agnieszka Skala, Katarzyna Rostek

in 2010 was 12%. Data from the years 2005 to 20134
indicate that while the global index of growth
in industrial production in this period remained at the
same level, the analogous rate for branches of the HT
industry increased by 26% [11]. The clear decrease
in production during the peak period of the economic
crisis, which fell between Q1_2008 and Q2_2009,
affected HT production much less than other branches (decreased by 10 percentage points, and not by 20
percentage points, as in the case of the whole industry). The growth in sold production in the HT sector
is primarily due to large increases in production
in the pharmaceutical sector (~3.2% annually) and,
above all, in the aviation and space industry sectors
(~5% annually).
What is interesting is that Eurostat reports the average annual production growth rate in the groups of
industry specified in terms of technological level
(low, medium-low, medium-high, and high) disaggregated into particular member states. In this list,
Poland fares very well, registering the second-best
result (after Estonia) in the HT sector: +14.5% annually in the period 2005–2011 (the EU average is
3.3%). This will not change the fact that Poland’s
share in the EU production of HT goods does not
exceed 2% (1.7% in 2010), and reaches only 6.7%
(2013) in export. Whereas, the average for EU-27 is
15.3%, and leaders (including the aforementioned
Estonia) achieve the value of this share in the 15%–
20% range [11].
Although statistics is collated and research is conducted on the HT sector, the definition of this term
continues to be rather ambiguous [1, 8, 9, 20, 28].
The boundaries between sectors in the economy
gradually disappear in the process of “industry convergence,” which also affects one of the most important HT industries: pharmaceuticals [6].
There is an ongoing debate on the question of the
criteria under which companies can or cannot be
considered as belonging to the HT industry [28].
As many as 19 definitions of tech. company have
counted Grinstein and Goldman analyzing literature
only until 2000 [9, p.126]. Owing to this ambiguity,
companies in the HT sector tend to be considered
a rather homogeneous group gathering similar enti4

It specifically concerns the period between the first quarter
of 2005 and the third quarter of 2013.

ties, when in fact it can be very varied and uneven
in terms of market potential and development stage.
An important consideration here is the accelerating
trend towards the reindustrialization of cities, which
has also reached the capital of Poland [12, 31].
The “purity” of technologies that come under the
“high-technology” heading has a beneficial effect
on the increase of employment rates among the most
highly skilled workforce, and especially amongst
young people. This is a strong case for an active
reindustrialization policy with respect to the development of the HT sector in metropolitan areas.
An incentive here is the fact that the sector already
has a significant presence in Warsaw, which is particularly visible in the central districts of the city.
All this creates a chance of dynamic development
in this direction for other city districts, and provides
an opportunity for those enterprises that see their
opportunity for market expansion in the revival
of production (rather than in the services sector
only).
The latest publications focus on this sector of the
economy as the subject and object of a new wave
of industrial revolution leading to the popularization
of the Industry 4.0 environment [13, 14]. Small
and medium HT entrepreneurs will create quick and
geographically proximate solutions, which will be
immediately used by large companies to produce
a short series of customized products ideally suited
to individual needs. Therefore, the first objective
of the present research was:
O1: To classify the characteristics of the Warsaw
population of HTM companies.
Given the above, the scope of this study is to explore
the criteria that identify the HT sector companies that
have a positive impact on the economy. This is reflected in the layout of this article, which begins with
a review of literature on the characteristics of HT
producers. Then, the methods and tools used in the
study are described, as well as the results of research
and its discussion are explained. In conclusion, further research directions are indicated.
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2

Features distinguishing HT manufacturers
 literature and knowledge perspectives

Classification of manufacturers into the HT industry
may be done based on affiliation to a sector of the
economy (sectorial approach) or goods produced
by them (product approach) [22, 27]. According
to the sectorial approach, the HT production category
now includes companies that declare their main activity in any of these three kinds of production:
pharmaceuticals, electronics, and air and spacecraft.
On the other hand, in the product approach, there are
nine groups of goods that are a result of the production processes: aerospace computers and office machines, electronics/ telecommunications, pharmacy,
scientific instruments, electrical machinery, chemistry, non-electrical machinery, and armament.
Factors characterizing the HT sector are discussed
in the literature. Among them, the high level of the
innovativeness of processes or final products is highlighted as well as the fact of stable, well-paid job
creation for highly skilled workforce [1, 2, 21, 29,
and 30]. These are highly productive and competitive
companies [2, 20, 21, 29, and 32] that raise the technological level in the entire economy [18, 26] usually having extremely short product lifecycles [28]
and cooperating with science. The high market and
investment risk in the sector is compensated by
a potential profit from successful investment and
a long-term benefit for the market and economy [20].
Moreover, irrespective of the selection criteria used,
HT companies provide an excellent space for research on the latest trends in technology, management, and marketing [25, 33].
While searching for the criteria that distinguish HT
companies, a high propensity to export appears often
in the research results [4, 5]. A popular argument is
that firms that export grow faster and stronger. Studies confirm the positive relationship between export
activity and high productivity [10, 17] as well as the
share of employees with higher education in total
employment and the expenditure level on R&D [3].
All three features  high productivity, raised share
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of employees with higher education, and a high level
of R&D expenditure  are characteristic of HT companies. Hence, the second objective of the present
research was::
O2: To verify the hypothesis that export is a strong
and important distinguishing criterion in the HTM
companies in Warsaw.
The realization of this goal required the development
of the characteristics of the research group, which
was Warsaw’s HTM sector. This analysis was also
used to search for new, atypical, and specific characteristics distinguishing leading companies in the
study group. The result is a characterization
of the HT Warsaw sector with particular emphasis
on the role and importance of exports.
3

Research methodology

Identification and descriptive characteristics of the
HTM population in Warsaw is addressed in the
fourth stage of the research, which has been in progress from 2013 to 2015. Table 1 presents the most
important elements of the successive stages of the
research: aims, data sources, methodology used,
and main findings.
The initial purpose of the research was to provide
material for the description of the Warsaw HT population. However, the study revealed a major difficulty in identifying HT entities. Therefore, the first step
was to identify HT companies from among other
business entities registered in Warsaw. The basic
criterion for qualifying HT companies, which is
based on the PKD declared by the companies, was
recognized as not reliable. Therefore, the need arose
to define a new method that would provide an unequivocal answer to the question that which companies should and should not be regarded as HT.
A hybrid method was proposed, which combined
the data from GUS, ZUS, and information available
online [27].
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Table 1. Research method used on the HTM population in Warsaw
(source: authors’ research)
Research
stage

1

Research
aim(s)

Identification
of HT sector

Analysis
methodology

quantitative /
qualitative

Data source(s)

PKD sector

Use of sectoral criterion,
1363 potentially HT entities identified

ZUS

Activity
indicator

Verification of the activity,
566 entities left

Company’s
website

Offer
(product)

Verification of the correctness
of the sectoral criterion,
137 companies identified as HT

8 attributes

The basic profile of HT sector:
type of activity, legal form, type
of ownership, employment (size
ranges at the moment of registration)

11 attributes

In-depth analyses of the sector,
type of activity and transactions,
cooperation with science,
employment, self-assessment
if innovativeness, foreign
language of the website,
import or export activities

Characteristics quantitative /
of HT sector
qualitative
Company’s
website

3

Features
distinguishing
HT sector

Segmentation
analysis:
Ward’s clustering and
SelfOrganizing
Map (SOM
Kohonen)

Research description

GUS
(REGON)

GUS
(REGON)

2

Data type

The strongest criteria differentiating Warsaw HT companies
(in the order of importance):
• export activity,
• scientific activity,
• searching for and employing
new staff,
• share of foreign capital in the
form of ownership.

All data collected

All data collected

4

Characteristics
quantitative /
of HT exportqualitative
ers (HTME)

CAAC

10 attributes

Company’s
website

2 attributes

Characteristics of the HTME
group

Abbreviations: PKD: Polish Classification of (business) Activity (NACE codes), GUS: National Office of Statistics,
ZUS: Social Insurance Institution, CAAC: Analytical Centre of Customs Office.
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Table 2. Classification of attributes of HT and HTME within all datasets
(source: authors’ research)
Used at the #
of research
stage

1, 2, 3, 4

Attribute
Name

REGON number; set identifier

GUS

HiTech

PKD group

GUS

Specific legal form

GUS

Share of foreign capital

GUS

Number of employees (ranges)

GUS

WA

Activity Indicator

ZUS

B2B

Type of sale: B2B

website_1study

B2C

Type of sale: B2C

website_1study

Certificates

website_1study

Assessment of activity

website_1study

Website in foreign language

website_1study

NAUKA

Cooperation with science centers

website_1study

PATENT

Patents

website_1study

PRACOW

Searching for new employees

website_1study

Social networking service account

website_1study

Export activity

website_1study

Self-assessment of innovative nature

website_1study

EKSPORT_12

Range of export value in 2012

CAAC

Eksporty_Kraj

Main destination of export in 2012 (country)

CAAC

E_Kraj/E %

% of the export value to the main destination

CAAC

E_EU/E %

Destination to EU as % of total exports

CAAC

Number of exports destinations in EU (countries)

CAAC

FZ_1
LPRAC

1, 2, 3, 4

CERT
AKTYW
LANG
2, 3, 4

SOCIAL
EKSPORT
INNO

Liczba_KrajEU
Liczba_KrajPoza
4

Data source

REGON
FP

2, 3, 4

Description

Liczba_Kraj

Number of exports destinations outside EU (counCAAC
tries)
Number of all exports destinations

CAAC

GrupaHT

Group of high-tech products exported

CAAC

E_HT/E %

High-tech products export value as % of total
export value

CAAC

Based on research center, having laboratory, established by scientists etc.

website_2study

The company is continuing activity of former
state institution or company

website_2study

Research-oriented

Successor

Abbreviations: PKD: Polish Classification of (business) Activity (NACE codes), GUS: National Office of Statistics, ZUS:
Social Insurance Institution, CAAC: Analytical Centre of Customs Office, website_2stud:y the second round of the screening of the companies’ websites.
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Table 3. HTME group classified by export value range in 2012
(source: authors’ research)
Symbol of the value range

Range of the export value in 2012 r.
(million PLN)

HTME group

Z

0

inactive

A

<1

micro

B

12

C

24

D

48

E

816

F

1632

G

3264

H

64128

I

128256

J

>256

The second step aimed at characterizing the HT sector (137 entities) using analytical methods enriched
by the data obtained from companies’ websites [23].
The goal of the third step was to differentiate it from
other sectors, and to find the features that distinguish
it [24]. In the course of the research, being an exporter company was indicated as one of the strongest
features characterizing the population of the HT
group of companies. The fourth stage of the research
was dedicated to exporters.
At this stage of the research, in addition to the
sources of information previously used, a new source
of data was used. The Analytical Centre of Customs
Office (CAAC) has provided information on exporters among Warsaw companies in 2012. Nine new
attributes supplied information about the range
of export value, the main destination of exports,
and the number and directions of export destinations.
Moreover, with this information, it was possible
to extract the companies that exported HT products,
and to identify which part in their exports these
products represented. The second round of screening
of the companies’ websites was undertaken in order
to discover new features common to the analyzed
population: HTME. The classification of attributes
used in the study follows the structure shown in Table 2.

small

medium

large

With regard to export data obtained from CAAC,
one of the attributes required additional explanation:
EKSPORT_12, which provides additional information rather than only the range of the export value.
The special value “Z” indicates that a company exported goods during one or more of the years from
2008 to 2011, but it did not export any goods
in 2012. In this case, the exporter was referred to as
“inactive” and was not selected for further analysis.
The other values of the attribute vary from “A”
to “J,” and refer to the company’s export value
in 2012.5 Detailed data are shown in Table 3.
In 2012, “micro exporters” exported up to 1 million
PLN (ca. 240 thousand Euros); “small exporters,”
up to 8 million PLN (ca. 2 MEUR); “medium exporters” up to 64 million PLN (ca. 15,3 MEUR);
and those referred to as “big exporters” exported
above 64 million PLN. The highest “J” value indicates that the company exceeded 256 million PLN
in exports in 2012 (ca. 61 MEUR).
The first step was to identify the HTME research
group. The Warsaw population of 137 HTMs was
compiled with the population of exporters (16,241
entities) operating in Warsaw as well. It appeared
5

The average EUR exchange rate in 2012, according to the
National Bank of Poland, was PLN 4,1850/EUR.
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that 110 of the 137 HT entities selected were
amongst the companies that showed exports in the
period considered. Among them, 61 (55%) have
a “Z” value and have been considered as inactive
exporters. The type of exported products in the remaining group of 49 companies has been verified
and 12 of them did not export any HT products.
Hence, the final number of firms that are both HT
manufacturers and HT exporters has been identified
as 37. This group of the selected 37 HTME comprises the subject of this study.

4
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Classification and segmentation
characteristics of the HT population

Stage 1-2 of The Research Method
The research undertaken in Stages 1 and 2 (Table 1)
led to the development of characteristics of the Warsaw HT population. The results of this analysis
is illustrated in Table 4.

Table 4. Results of distribution features characterizing the Warsaw HT enterprises population
(source: authors’ research)
Distribution of attribute value

Attribute

AKTYW

B2B

Value

14

10,2

1

120

87,6

None

3

2,2

0

7

5,1

1

127

92,7

3

2,2

0

89

65,0

1

45

32,8

3

2,2

0

51

37,2

1

83

60,6

3

2,2

0

59

43,1

1

75

54,7

3

2,2

16 Joint-stock company

15

10,9

17 Limited liability company

54

39,4

19 Civil law partnership

10

7,3

99 One-man business

49

35,8

9

6,6

214 Ownership of domestic physical persons

95

69,3

215 Other private domestic ownership

15

10,9

7

5,1

None
CERT

None
EKSPORT

None

FP

Other

FW

% of population

0

None
B2C

Quantity

216 Foreign ownership
224 Mixed ownership in private sector, with prevalence of ownership of domestic physical persons
226 Mixed ownership in private sector, with prevalence of foreign ownership
Other

5

3,6

5

3,6

10

7,3
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Table 4. Results of distribution features characterizing the Warsaw HT enterprises population, cont.
Distribution of attribute value

Attribute

FZ_1

GD

HiTech

INNO

Value

124

90,5

1

13

9,5

038 Białołęka

10

7,3

048 Bielany

12

8,8

078 Praga-Południe

12

8,8

138 Ursynów

15

10,9

148 Wawer

14

10,2

178 Włochy

11

8,0

188 Wola

15

10,9

48

35,0

17

12,4

17

12,4

16

11,7

11

8,0

35

25,5

41

29,9

0

36

26,3

1

98

71,5

3

2,2

0

55

40,1

1

79

57,7

3

2,2

09

99

72,2

1049

19

13,9

50

19

13,9

0

94

68,6

1

40

29,2

3

2,2

0

115

83,9

1

19

13,9

3

2,2

0

19

13,9

1

115

83,9

3

2,2

0

127

92,7

1

7

5,1

None

3

2,2

Other
2120 Manufacture of medicines
and other pharmaceutical products
2611 Manufacture of electronic components
2620 Manufacture of computers
and peripheral equipment
2630 Manufacture of telecommunication equipment
2651 Manufacture of measuring, control
and navigational instruments and equipment
Other

None
LPRAC

NAUKA

None
PATENT

None
PRACOW

None
SOCIAL

% of population

0

None
LANG

Quantity
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The most general description of the Warsaw HT
companies is as follows:
 more than 75% of the sector comprises companies manufacturing electronic products (77%),
with the main groups including manufacture
of measuring, control and navigational instruments and equipment,
 half of the sector (50%) consists of commercial
law companies (joint-stock companies or limited
liability companies),
 micro-companies are dominating (up to 9 employees),
 companies are located in the whole region of
Warsaw, mainly in Ursynów, Wola, and Wawer,
 dominating ownership type is ownership of domestic natural persons; foreign capital share is
limited and includes less than 10% of companies,
 the majority of companies are active on the Internet and maintain websites in foreign languages;
however, they do not maintain any social networking service accounts,
 the majority of companies (72%) describe themselves as innovative,
 companies strongly prefer B2B (business-tobusiness) than B2C (business-to-customer) type
of sale,
 companies have certificates, but only 1/3 of them
cooperate with science centers and only few
(14%) have their own patents, and
 they are developing companies  active in exporting and recruitment of new employees searching
for new employees.
Stage 3 of The Research Method
An in-depth analysis suggests that HT businesses
differ from other companies with respect to the following features: conducting B2B activity, export
activity, and searching for new employees. Certain
ambiguity arose with respect to some activities related to science: cooperation with research centers,
patents, and obtaining certification. On the one hand,
these seem to be the most important features of HT
companies; on the other hand, the number of companies that confirm that they conduct this type of activity is relatively low. To verify those assumptions,
a segmentation analysis of the set was performed
(Stage 3, Table 1) using two analytical methods:
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(1) Ward’s clustering method by means of which
three segments were identified, and (2) Kohonen’s
self-organizing map (SOM) where four segments
were identified. Segmentation carried out by these
two different methods confirmed that there is considerable variation between the criteria distinguishing particular subgroups of entities within the HT
population.
Segmentation by Ward’s method produced a visible
gradation of companies in terms of their export activity and scientific activity understood as: patenting,
obtaining certification, and cooperation in the field
of research (or running own laboratories). On the
basis of this segmentation, two growth segments
were distinguished: the exporting companies and the
scientifically active companies (the segments differ
in their level of development). The third segment
includes companies that maintain their status quo
rather than develop.
Using the self-organizing map, four segments were
distinguished. This type of segmentation also distinguished between companies with a lower and a higher level of export and scientific activity. However,
this description was enriched by adding new distinctive features. Thus, Segment 1a includes companies
that are active in export and scientific research, but
did not hold patents. Segment 3a, on the other hand,
comprises companies that are active in export
and hold patents. Segment 4a, whose characteristics
are very similar to Segment 1a, has the biggest foreign capital share of all groups. Segment 2a, whose
specification is similar to that of Segment 3a based
on cluster analysis, does not compare favorably with
other segments. It contains companies that currently
do not have many features conducive to development. In summary of the obtained results, it should
be concluded that the strongest criteria differentiating Warsaw HT companies are, in the order of importance:
 export activity,
 scientific activity, understood as: obtaining certification, cooperation with research centers (or
running own laboratory), or holding patents,
 searching for and employing new workers,
 share of foreign capital in the form of ownership,
and
 preference to B2B sale over B2C sale.
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Table 5. Characteristics of Segment 1a
(source: authors’ research)
Distribution of attribute value

Attribute

EKSPORT
CERT
LANG
NAUKA
Zg_PKD

Value

Quantity

0

3

5,9%

1

48

94,1%

0

2

3,9%

1

49

96,0%

0

3

5,9%

1

48

94,1%

0

22

43,1%

1

29

56,9%

1

51

100,0%

In addition, the segmentation of enriched data has
made it possible to specify the characteristics
of Segment 1a as follows (Table 5):
 having certificates (CERT = 1),
 cooperating with research centers (NAUKA = 1),
 establishing websites
(LANG = 1), and

in

foreign

languages

their activity is consistent with the declared PKD
group (Zg_PKD = 1).
The segmentation of the enriched data showed the
interesting group as a complete new one. This is
a segment 5 of the characteristics indicate companies
with great development potential (Table 6). They are
usually limited liability companies (FP = 17), and are
characterized by:

% of population

 high level of hiring new employees (PRACOW
= 1),
 offering products and services in the B2B model
(B2B = 1),
 almost complete absence of the occurrence of the
B2C model (B2C = 0), and
 compatibility of business activities with the declared PKD group (Zg_PKD = 1).
In view of the obtained and confirmed analysis results, the research group for further analysis was
selected. Taking into account the repeatability of the
segmentation analysis results, the HT exporters
group was indicated.

Table 6. Characteristics of Segment 5
(source: authors’ research)
Attribute

Distribution of attribute value
Value

Quantity

% of population

B2B

1

43

97,7%

B2C

0

40

90,9%

B2C

1

4

9,1%

PRACOW

0

3

6,8%

PRACOW

1

41

93,2%

FP

17

32

72,7%

FP

18, 19, 20, 99

10

27,3%

Zg_PKD

0

3

6,8%

Zg_PKD

1

41

93,2%
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The analysis of the HTME group will be divided into
parts corresponding to the data sources. In Table 7,
the results of the first part of the analysis, based
on information from GUS and ZUS, are shown.

Results of Stage 4 research HTE characteristic

Stage 4 of research method

Table 7. Distribution of attributes characterizing HTME (within GUS/ZUS datasets)
(source: authors’ research)
Distribution of value

Attribute
Name

HiTech

Value

3

8,1

2120 manufacture of medicines and other pharmaceutical
products

5

13,5

2611 manufacture of electronic components

4

10,8

2612 manufacture of electronic printed circuits

2

5,4

2620 manufacture of computer and peripheral equipment

5

13,5

2630 manufacture of telecommunication equipment

3

8,1

2640 manufacture of consumer electronic equipment

2

5,4

9

24,3

2

5,4

2

5,4

0

0

0

0

10

27,0

16
3
1
7
34
3
14
11
7
3
2
0
37

43,2
8,1
2,7
18,9
91,9
8,1
37,8
29,7
18,9
8,1
5,4
0
100

2680 manufacture of unrecorded magnetic and optical media
3030 manufacture of aircrafts, spacecraft, and similar machinery
16 joint-stock company

FZ_1

17 limited liability company
18 general partnership
19 civil law partnership
99 one-man business
0
1
09
1049

LPRAC

50249
250999
>999

WA

% of population

2110 manufacture of basis pharmaceutical substances

2651 manufacture of measuring control and navigational
instruments and equipment
2660 manufacture of radiating equipment, electromedical and
electrotherapeutical equipment
2670 manufacture of optical instruments and photographic
equipment

FP

Quantity

0
1
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There are four types of businesses that dominate
among the HTME entities: manufacturers of instruments and appliances for measuring, testing and
navigation (9 entities); manufactures of computers
and peripheral equipment; manufacturers of pharmaceutical preparations; and manufacturers of electronic components. This structure is similar to that of the
HT manufacturers category, although it is worth
noting the absence of aircraft and aerospace industries in the HTME group. As many as 26 out of 37
(70%) HTME entities have chosen the legal form
of a corporation (stock corp. or limited liability company), while in the HT group, this share is also high,
but reaches only 50%. Only three companies in the

HTME population have foreign equity participation
(two pharmaceutical companies and one electronics
manufacturer), which is similar to the entire group
of HT also dominated by Polish capital.
Information about the size of employment in HTME
indicates values greater than the average, but the data
is not very reliable, because it refers to the situation
at the time of company registration. All surveyed
companies pay contributions to ZUS, which means
that they are active and that they employ workers.
In Table 8, the results of the second part of the analysis, which is based on information from the first
screening of the companies’ websites, are shown.

Table 8. Distribution of attributes characterizing HTME (within Website_1 datasets
(source: author’s research)
Attribute Name

AKTYW
B2B

B2C

CERT
INNO

LANG

NAUKA
PATENT

PRACOW

SOCIAL

Distribution of value
Value

Quantity

% of population

0

0

0

1

37

100,0

0

0

0

1

37

100,0

0

23

62,2

1

14

37,8

0

7

18,9

1

30

81,1

0

5

13,5

1

32

86,5

0

4

10,8

1

33

89,2

0

12

32,4

1

25

67,6

0

30

81,1

1

7

18,9

0

1

2,7

1

36

97,3

0

35

94,6

1

2

5,4
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All HTME companies have active websites and lead
sales in the B2B model. Only in one case, the website is not clear that the company is looking
for and employing new workers. The vast majority
have certificates (81.1%), define themselves as innovative (86.5%), and also maintain a website in a
foreign language (89.2%).
The HTME companies outperformed the HT group
in terms of holding patents and, remarkably, in cooperation with science. The share of firms holding patents has increased from 12% (HT) to 19% (HTME)
and, from 27% (HT) to 70% (HTME) in the second
discussed. It shows that cooperation with science 
defined as running a research laboratory, having
an R&D department, or hiring scientists  is an important distinctive factor for companies that build
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their competitive advantage in foreign markets.
This kind of cooperation may be also related to the
possession of certificates, which is attributed to 80%
HTME (compared to 58% in the HT group).
A comparison of the HT and HTME groups in terms
of attributes obtained from the first websites’ screening is shown in Figure 1. It indicates better performance of HTME compared to HT group, which
justifies further, in-depth studies of this subgroup.
In Table 9, the results of the third part of the analysis, based on exports information from the CAAC,
are shown.

Figure 1. Comparison of HT and HTME groups based on attributes obtained
from first websites’ screening
(source: authors’ research)
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Table 9. Distribution of attributes characterizing HTME (CAAC datasets)
(source: authors’ research)
Distribution of value
Attribute
Value

A
EKSPORT12

Eksporty_kraj

51,4

B, C, D

7

18,9

E, F, G

8

21,6

H

3

8,1

Russia

5

13,5

Ukraine

5

13,5

Great Britain

3

8,1

USA

3

8,1

Germany

2

5,4

Lithuania

2

5,4

1 each

2,7 (x 17)

150

16

43,2

5199

14

37,8

7

18,9

22

59,5

150

6

16,2

51100

9

24,3

22

59,5

110

6

16,2

1120

8

21,6

> 20

1

2,7

110

30

81,1

1120

4

10,8

> 20

3

8,1

1

7

18,9

210

15

40,5

1120

8

21,6

> 20

7

18,9

1aerospace

1

2,7

2computers
3 – electronics - telecommunications

2

5,4

13

35,1

100
0
E_EU/E %

0
Liczba_krajEU

Liczba_krajPOZA

Liczba_kraj

grupaHT

% of population

19

other (12 countries)

E_Kraj/Exp %

Quantity

Multi-Criteria Classification and Segmentation Analysis of High-Technology Manufacturing …

213

Table 9. Distribution of attributes characterizing HTME (CAAC datasets), cont.
Distribution of value

Attribute

Value

Quantity

4 - pharmacy,

8

21,6

10

27

6 – electrical machinery

2

5,4

7–chemistry

1

2,7

8 – non-electrical machinery

0

0

9 – armament

0

0

10

27,0

25–49

3

8,1

50–74

1

2,7

75–100

23

62,2

5 – scientific instruments
grupaHT

<25
E_HT/E %

% of population

Among the HT products exported by HTME companies, four products clearly dominate with regard
to distribution of value: electronics and telecommunications equipment, scientific instruments, and
pharmaceuticals. With regard to the value of exports,
the population has been divided evenly between
exporters who sold goods abroad worth up to 1 million PLN in 2012 (19 companies) and those who
exceeded this value (18 companies). No HTME
company sold HT products for more than 128 million PLN.
The attribute “eksporty kraj” means a country
in which the largest share of a company’s exports is
sold. During this research, 23 countries were identified, of which 4 countries were indicated by more
than one firm. Results indicated Germany: 2 times,
UK: 3 times, and Russia and the Ukraine: 5 times
each. This means that in the HTME population there
is a significant group of companies (10 entities),

whose primary foreign trade partners are Russia
or Ukraine. The other 10 entities indicated EU countries as the primary destinations for their exports.
On the other hand, 22 companies (60%) did not export to the EU at all.
With regard to the number of countries being export
destinations, 22 companies exported to up to 10
countries, but the record holder showed as many as
57 countries as its export destinations (the company
sells industrial measurement and control equipment).
The last indicator (E_HT/E %) reflects the percentage of HT products in the total value of export.
For 12 firms (1/3 of HTME), HT products represented 100% of the exports. For 2/3 of them, HT products represented at least 50% of the export value.
While screening HTME websites, two additional
attributes of the group were identified (Table 10).
The first concerns the cooperation with science.

Table 10. Distribution of attributes characterizing HTME (within website_2study datasets)
(source: authors’ research)
Attribute

Research-oriented
Successor

Distribution of value
Value

Quantity

% of population

1

22

59,5

0 or ?

15

40,5

1

9

24,3

0

28

75,7
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The attribute “research-oriented” characterizes companies that were established based on scientific institutes cooperating with them, running their own
scientific labs, or entities founded by (former) scientists.
The second attribute “Successor” characterizes entities that continue the tradition of the former state
companies or institutions, established long before the
Polish economy transformation in 1989. The analysis
shows that the so-defined HTME subgroup is relatively significant and particularly interesting
The results of the last part of the study showed that
59% of HTME companies have close relationships
with the world of science, and every fourth entity
was founded on the basis of old state-owned enterprises or institutes
6

Summary

In this paper, two aims of the performed analysis
were defined. Below are the most important conclusions and summaries
O1: Preparation of the classification characteristics
of the Warsaw population of HTM companies.
To sum up the findings of the study, we can conclude that the HTMs based in Warsaw are mainly
producers of electronic products and especially
of measuring, control, and navigational instruments
and equipment. In this group, the micro-companies
are leading (up to 9 employees). They consist
of commercial law companies (joint-stock companies or limited liability companies). The leading
ownership type is the ownership of domestic natural
persons. The majority of companies are active on the
Internet and they maintain websites in foreign languages. However, they do not maintain any social
networking service accounts. They describe themselves as innovative and strongly prefer B2B than
B2C type of sale. Companies often have certificates
but rarely cooperate with science centers and even
more rarely have patents. Therefore, HTMs are developing by being active in export and searching
for new employees
The characteristics of HTME subgroups are similar,
but they enhance and highlight the most important
features of the entire HT population. HTME manu-

facturers are mainly producers of pharmaceuticals,
electronics, and electronic components. They sell
exclusively to other business entities (B2B type
of transaction). Their legal status is more frequently
corporate; their size is larger (in terms of employment). They show strong cooperation with science,
including certificates or patent holdings. It is worth
noting that their export destination to the East is
more popular than to the West, and this tendency
includes the highest value exports as well.
O2: To verify the hypothesis that export is strong
and important distinguish criterion in the Warsaw
population of manufacturing companies HT.
As shown in Figure 1, the HTME group strengthens
the key values of the factors distinguishing the HT
companies. These include such features as: having
active websites in Polish and foreign languages,
leading sales in the B2B model, looking for and employing new workers, having certificates, and being
innovative. But most important is that the HTME
companies outperformed the HT group in terms
of holding patents and, remarkably, in cooperation
with science. This shows that cooperation with science  defined as running a research laboratory,
having an R&D department, or hiring scientists  is
an important distinctive factor for companies that
build their competitive advantage in foreign markets.
This kind of cooperation may be also related to the
possession of certificates, which is much higher
in the HTME than within the entire HT group. All of
these features confirm the defined hypothesis.
Segment 1 was analyzed at Stage 4 of the research
method. It was HTME group. There was omitted the
second also highlighted segment 5. Its characteristics
include a high level of hiring new employees
and offering products and services in the B2B model
only. This is another interesting group that can be
further researched in the HT population.
In order to confirm the observed insights and trends,
it will be necessary to redo the analysis on updated
data and make comparisons. Long-term conclusions
could contribute to increased awareness about the
Polish HT population, thereby increasing the effectiveness of methods dedicated for their development.
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SELECTION OF EMPLOYEES IN THE METAL INDUSTRY BASED ON COMPETENCES,
ON THE EXAMPLE OF A DESIGNER POSITION
Katarzyna SKRZYPEK*, Karol DĄBROWSKI**
University of Zielona Góra, Faculty of Mechanical Engineering, Zielona Góra, Poland
*e-mail: k.skrzypek@iizp.uz.zgora.pl
**e-mail: k.dabrowski@iizp.uz.zgora.pl
Abstract: The selection of an effective team of employees is crucial to proper management of the company. The success of the project often depends on the competencies of employees who carry out those
projects. Therefore, the selection of the workers, whose competences complement each other in terms
of subject matter, in terms of personality, and also in practical terms, is very important. This article presents the proposal of applying the FAHP (fuzzy analytic hierarchy process) and TOPSIS (technique
for order preference by similarity to an ideal solution) methods as a tool to facilitate the management
of human resources in the metal production factories based on the skills of employees.
Keywords: FAHP, TOPSIS, metal industry, selection of employees, competences, fuzzy analytic hierarchy process, technique for order preference by similarity to an ideal solution.

1

Introduction

Effective enterprise management depends on many
factors occurring within the company, as well as on
faster changing environment. Internal factors relate
to the organization's resources, among which material, financial, information, and human resources are
mentioned. The condition and quality of all company
resources are considered as very important, but the
subject literature emphasizes that human resources,
today, play the most important role. Optimum utilization of other resources and skilful adaptation to the
environment in which or to whom the organization
works depends on the employees [10].
Team building is one of the first stages of the implementation of each task implemented in a manufacturing company. It is an essential activity for
the proper implementation of the whole project. The
substantive level of work depends on knowledge,
experience, and personality of the team members
cooperating in the given task; however, the proper
implementation in accordance with an approved
plan, depends on the leaders. The division of tasks,
control in points relevant to the task, and monitoring
the progress by performing the following steps are
key elements in managing the process of implementation of a given task. “This is the art that requires
ability to function in many job roles and to understand the meaning of the ‘human factor’ for the success of the project” [3]. “Individuals decide

on everything – this statement repeated multiple
times is always true when it comes to implementation of R&D projects” [6].
This publication consists of two parts  theoretical
and practical. In Section 2, the characteristics of the
metal industry in Poland are described. Subsequent
sections describes people  key positions from
the standpoint of execution of tasks occurring
in manufacturing companies in the metal industry 
and presents the methodology of establishing working groups in the described tasks using the FAHP
(fuzzy analytic hierarchy process) and ANFIS
methods.
2

The metal industry in Poland

The metal industry in Poland enjoys a history
of development rich with traditions. The interest
in this branch of business results from the access
to raw material located within the Polish territory 
a significant source of iron deposits and non-ferrous
metals. The first evidences for the existence
of mines, extracting iron ore, and factories that process them date back to ancient times and are associated with the presence of the Celts in the
Świętokrzyskie Mountains  “Near the village
of Rudka, Celts built the largest iron ore mine complex in prehistoric Europe” [2]. Although the name
of our country  Poland  is derived from the word
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“field,” evidences of involvement in activities related
to the work of which is a metal material, note that it
is one of the key Polish specialties. The rapid development of metal industry in the Polish lands began
in the first half of the nineteenth century. An important event affecting the further development
of this sector in Poland was the incorporation
of Upper Silesia after the plebiscites, where the metal industry has played an important role. The reforms
of Eugeniusz Kwiatkowski carried out in the interwar period led to the construction of the Central
Industrial District (CID), in which metal industry,
mechanical engineering, chemical engineering,
and aviation engineering were developed [11].
The extension of the CID was stopped by the outbreak of World War II.
Today, the biggest centres in Poland, which are focused on the metal industry, are: Bydgoszcz - Toruń
Industrial District, Wroclaw Industrial District, Warsaw Industrial District, Old-Polish Industrial Region,
Bielsko Biała Industrial District, Krakow Industrial
District, and Upper Silesian Industrial Region [11].

The difficulty is the determination of economic
space in which businesses operate with the described
industry, for example, the production of metal parts
for cars, but not the assembly/production of cars.
You can find companies engaged in metalwork qualified for the construction industry, for example,
Balex Metal (the manufacturer of steel tiles) and Luk
Metal Construction (the manufacturer of aluminium
and construction facade). Therefore, the authors are
seeking common denominator to determine what is
the metal industry draw on Polish Classification
of Activities.
By metal industries, the authors understand the industries located in the Polish Classification of Activities in the Section C  industrial processing,
especially of division 25 and some of the companies
operating within the divisions 28, 29, 30, and 33.
In the branch examined by the authors, it is necessary to distinguish metal industries that are engaged
in, among others, metalworking, from the metallurgical sector, which, among others, focuses on smelters. Table 1 shows us a list of the largest Polish
companies in the metal industry in 2012.

Table 1. Largest Polish companies in the metal industry in 2012 [4]
Top
500 list
position

44
70
90
125
152

Name

Grupa Can-Pack SA,
Kraków
Fiat Powertrain Technologies Poland
Sp. z o.o., Bielsko-Biała
CMC Poland Sp. z o.o.,
Zawiercie
CNH Polska Sp. z o.o.,
Płock
GK Stal Produkt SA

Revenues
from sales
[PLN ‘000]

Total income
[PLN ‘000]

Gross
profit
[PLN ‘000]

Net profit
[PLN ‘000]

4,545,498

4,598,108

319,032

268,963

3,808

3,440,421

No data

No data

No data

1,130

3,084,833

3,104,325

No data

No data

1,957

2,307,878

2,344,066

245,213

197,054

1,233

1,808,703

1,826,499

77,145

59,834

2,668

About how important is this sector for Polish industry confirms information that over 20% of all enterprises in the manufacturing sector is metal industry
[5].
The analysis of the data contained in the report
on the condition of the small- and medium-sized
enterprises (SMEs) in Poland. In 2011–2012, in relation to Section C, industrial enterprise, which con-

Number
of employees

tains, among others, businesses in the metal industry,
shows that in 2012, in this section, 39,000 new companies were created (7.5% of total newly created,
in 2012, companies), and the number of liquidated
companies in 2012 from the industrial processing
sector was 25,600 (8.2% of all companies liquidated
in 2012) [13]. In industry, large companies focus
mainly on manufacturing (47.4% of large entities
operates in this sector) [13]. The involvement
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of SMEs in industrial activity is 10.6% (the largest
percentage of SME involvement in the exercise
of service activities is 46.5%) [13].
The involvement of SMEs in industrial activity is 10.6% (the largest percentage of SME involvement
in the exercise of service activities  46.5%) [13].
The most dynamic growth is allocated to small
and medium-sized enterprises (SMEs). Currently,
this sector represents 99.8% of the total enterprises
and generates 47.3% of gross domestic product
(GDP) and employs 6.3 million people, representing
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70.2% of jobs in Polish enterprises [13]. The structure of the number of working people in SMEs
in Poland in 2011 by the section of PKD  industry
was 31.4% [13]. To illustrate the potential of the
surveyed companies, it should be provided that
the output sold in 2012 for industrial processing section was 1 018 710 million zloty. More detailed data
on sold production for this section is shown in the
Table 2.

Table 2. Data on sold PCA section industrial processing [13]
The percentage of sold industry
production in 2012

Department

Manufacture of metal
Manufacture of machinery
and equipment
Manufacture of motor vehicles,
trailers and semi-trailers
Manufacture of other transport
equipment and devices

From the interesting information showing the size of
the industry, you can get acquainted with the report

Production sold in million zloty
in 2012

6.6%

79 846

3.2%

38 308

8.6%

104 363

1.4%

17 250

in the production of selected products from the metal
industry in 2012.

Table 3. Production of selected products from the metal industry in 2012 [13]
Product

Quantity

Steel tubes

582 thousand tons

Bearings

206 million pieces

Vehicle

540 thousand pieces

Potential and needs of the Polish market in terms
of products produced in facilities qualified for the
metal industry highlight the comparative data on

import / export ratio of selected products in this industry.

Table 4. Comparison of import to export of products in million zloty in 2012 in selected sections,
the combined nomenclature (CN), corresponding to the range of the metal industry [13]
Product

Import [mln PLN]

Export [mln PLN]

No precious metals and pieces from them

66,886

70,087

Machinery and electronic and electromechanical appliances

142,107

141,479

Transportation equipment and devices

63,882

85,516
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Industry defined as metal industry  is a welldeveloping industry increasingly open to innovation.
Data published by the CSO show that among large
enterprises is more business than innovators among
SMEs, “In addition to insufficient financial and human resources, the innovativeness of SME (introduction of a new process, product or idea in the
organization) is limited by: lack of innovative culture, insufficient leadership skills in managing innovation, risk aversion, lack of recognition by management of the creative possibilities of employees,
insufficient knowledge about technology, market
and modern management methods. On the other
hand, it is pointed out that smaller companies compared with large, are characterized by: greater flexibility in adapting to changing market conditions, less
bureaucracy and a lack of conflicts of objectives
at the level of the owner – manager” [5]. To exist
in the structures of SMEs, permanent efforts to improve innovation in addition to technological resources, machinery, and financial services are
important factors: the attitude of management, employee involvement, and cooperation with other organizations [12].
The authors such as Karbownik A., Michna A.,
Męczyńska A. , Kmieciak R. suggest that “due to the
nature of SMEs the transfer of research results
in large organizations, which is why similar studies
should be conducted for SMEs is not explicitly authorized. In addition, the existing studies do not take
into account the specific characteristics of a specific
industry, in particular the metal industry, and various
types of innovation: product and technological types
(...)” [5].
3

Constructor. Product developer

Customer needs make the proposed product of high
quality and advanced technology. After a period
in which growth was seen only through the prism
of existing technologies, increasing emphasis is
placed on an intangible asset which are competences
of employees. The basic elements of competencies
are knowledge and skills [10]. Owning to the increased interest in this aspect, the emphasis on building effective work teams was increased.

One of the key sections in the factory is the section
of technical preparation of production. Actions taken
by this section focuses on the stages [1]:
 studies and research,
 the structural preparation of production (or how
to make the product?),
 technological preparation of production (i.e.,
what constitutes a product?),
 organizational preparation of production.
 start-up of production,
 organization of sales and service.
Constructors are responsible for actions taken
in a step. These employees develop the product, that
is, they. give it shape. Owing to the very important
position that they occupy in the factories of the metal
industry for the purposes of this study, this position
was selected.
4

FAHP Method

FAHP (fuzzy analytic hierarchy process) is the
method of fuzzy analytic hierarchy process is based
on AHP method, which is widely used in the development of decision-making models. FAHP uses experts opinions in order to establish the weighting
factors that determine the validity of features and,
additionally, eliminates the features of least importance, when it comes to question of linear ordering of objects. The importance of a feature in this
case is established on the basis of fuzzy opinions
of experts, the so-called, soft opinions, which are
more viable than hard opinions [9].
5

TOPSIS Method

TOPSIS (technique for order preference by similarity
to an ideal solution) method is a statistical process
leading to linear ordering of objects described
by metric and nonmetric features  professional order [9]. This method is used to establish order and
rank of various alternatives [7].
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6

Research methodology

The assessment procedure for the selection of staff
necessary to perform orders in the metal industry,
for example, the position of the constructor, is based
on FAHP, which is the method used to solve multicriteria decision-making problems. This method
proceeds by the following steps.
 Stage 1
Construction of a hierarchical decision-making
scheme. In this process, hierarchical decisionmaking scheme is constructed, which consists of a
main goal, intermediate objectives, and tasks.
The main objective is placed on the top of the hierarchy, which consists of several subobjectives, which
are its specific expression.
The next level of decision-making diagram form
a task in which the implementation is necessary
to achieve the low-priority objectives. Tasks can also
be distributed to subordinates operation. The deci-
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sion scheme is built with several levels in which the
number is dependent on the degree of generality,
which wants to keep in the discussion. The main
objective and goals and subtasks should be interrelated
 Stage II
The comparison of pairs of tasks within the subordinate objective. At each level of the hierarchy,
the validity of decision elements are compared
in pairs using the fuzzy nine-point scale (Table 1).
These comparisons are analyzed based on its importance in the decision making. Using the scale,
the comparisons of importance of lower priority are
made, in regards to main objective and tasks in the
scope of every lower-priority objective (Table 1).
The pairwise comparisons of importance of critical
elements on each level of hierarchy are conducted
by professionals (decision makers) who are directly
involved in careful decision-making process.

Table 5. The nine-grade evaluation scale of importance of pairwise elements [8]
The superiority of importance of
critical elements

Explanation

Priority Scales
, ,

Equivalence

Both factors contribute equally to achieve the objective.

1

1,1,1

Poor or moderate

Importance does not convince or poor priority of one
factor over another factor.

3

1,3,5

Important, fundamental Strong

Fundamental or strong meaning, or strong priority of
one factor over other factors.

5

3,5,7

Vast or very strong

Vast meaning or very strong priority of one factor
over other factors

7

5,7,9

Total

Total meaning or total priority of one factor over
others.

9

7,9,9

For comparisons compromising
between values stated above

Sometimes there is a need for numerical interpolation
of compromising opinions, because there is no appropriate vocabulary to describe them. That is the
reason for applying intermediate values between two
adjacent grades.

2
4
6
8

1,2,4
2,4,6
4,6,8
6,8,9

Transitivity of grades

If a factor A has assigned one of the above grades,
during a comparison with a factor B, then factor B
has opposite value, when being compared to A factor.

the inverse
of the above values
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Comparisons of results are summarized in the form of fuzzy matrix of pairwise comparisons A:
A

1,1,1
…
l ,m ,u

a

l ,m ,u
…
1,1,1

…
…
…

(1)

and where:
l ,m ,u

a

,a

1
1 1
,
,
u m l

a

, k, g

1, 2, … , p

are assessments of k g, a comparisons in pairs of importance of the duties under the sub-ordinate objective
indicated by experts or are geometric average of the ratings of the expert group. The number a
is called triangular fuzzy number, represented by three assessment: pessimistic l , most likely
l ,m ,u
m and optimistic u .
 Stage III
The determination of the sum of the elements of each line of the matrix of fuzzy pairwise comparisons A
and standardization of line sums through operations on fuzzy numbers:
Q

∑

l ,m ,u

l ,m ,u

⨂∑

∑

l ,m ,u

, k

1, 2, … , p

(2)

 Stage IV

The calculation of the degree of the fuzzy number is greater than or equal to the number Q , that is,
Q using the Q
Q equation:
V

Q

Q

μ

1, if m
0, if l

d
l

where Q
longs to Q

l ,m ,u

and Q

l ,m ,u

u

m

u

m
u
m

(3)
l

are two fuzzy number, and μ

, in other cases
d degree of belonging d be-

(Fig. 1).

Figure 1. Determination of coordinates of the point of intersection between Q and Q [8]
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 Stage V
Indication of the smallest stage of the opportunities V
numbers p 1 as:
V

Q

Q |g

1, … , p; k

g

min

∈ ,…,

Q

Q

V Q

Q

V Q

Q |g

of fuzzy number Q to all other fuzzy
d

μ

μ

d ;k

1, 2, … , p

(4)

 Stage VI
Calculation of rate of contribution
w

V

Q

Q |g

1, … , p; k

g /∑

1, … , p; h

g ; k=1, 2,…, p

(5)

in which they are taken as the weight of local tasks. Local priorities (weight) indicate the relative importance
of the tasks within the subordinate objective.
 Stage VII
Counting the value of global priorities The values
of global tasks represent their importance in relation
to the main objective. The sum of all global values
for tasks is 1. It is calculated by multiplying the local
priorities of tasks by the global priorities for the subordinate task
w

w

∙w

w ,w ,…,w

where ∑

w

 Stage VIII
The determination of the Si characteristics using
fuzzy TOPSIS method. Further steps are consistent
with theoretical descriptions proposed by A. Luczak
and F. Wysocki [9].
This will result in the determination of the distance
of objects from the model of development and antmodel of growth and the enumeration with the typological classification of objects on the characteristics
of synthetic accordance with the following principles
[9]:
- Class I (very high level):
S

2

S

S

2

S

(9)

- Class III (average-higher):
S

S

S

S

(10)

- Class IV (average-lower):
S

S

S

S

(11)

- Class V (low):
S

2

S

(7)

Similarly, according to the stages IIVI local priorities (weight) for the purposes of a given subordinate
objective can be calculated, where local and global
weighting factors for the purpose of a subordinate
objective are identical.

S

S

S

S

S

S

(12)

- Class VI (very low):

,

w, w≥0

S

S

(6)

As a result, the size w is taken as global priorities
for tasks and presents as a vector
W

- Class II (high level):

(8)

S

2

S

(13)

where:
S - is the arithmetic mean of the values from the
synthetic characteristic,
S – is their standard deviation.
7

Conclusions and future work

The purpose of this paper is to present the issue
of effectiveness of the method of FAHP for building
employee teams, for example, the position of the
constructor. The studies attempt to portray this issue
in a broader aspect of creating an effective business
management tools in an environment, where the
economy is based on knowledge of its existence.
It was found that the method of FAHP in preparing
the team of employees is possible to implement
in various organizations, including in factories in the
metal industry. The way in which the recruitment
was carried out seems to be rather a work of chance
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often based on subjective opinions and not on any indepth comparative analysis of the candidates.
To change this situation, the use of the method
of FAHP supplemented by a system of TOPSIS
is proposed.
The application of the current procedure based
on FAHP and TOPSIS must be preceded by an appropriate research material. This requires proper
development of research tools. The right seems to be
a survey form that contains a set of questions concerning the definition of the list of competencies
necessary for the job of a constructor, together with
the opinions of experts defining the “value” of individual data. It is important to note that the form
in which questions and answers are included must
comply with the requirements that impose the use
in data analysis apparatus of fuzzy sets. The construction of such a tool and a presentation of the
possibilities of its practical verification will be
the subject of further studies.
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DEVELOPING AND VALIDATING A MEASURE OF MONITORING AND EVALUATION
FOR THE SOUTH AFRICA SKILLS DEVELOPMENT CONTEXT
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University of South Africa, Pretoria, South Africa
e-mail: tshilmc@unisa.ac.za
Abstract: As nations around the world grapple with the deepening challenge of skills crunch, policies,
strategies and interventions are being devised to develop and retain a competitive workforce. South Africa is not spared from the global talent war, and the persistence of skills shortages across most economic sectors makes the country vulnerable economically and socially. Legislative instruments
and strategies were formulated and implemented to ameliorate the situation, but scientific evidence
suggests a looming crisis due to poor monitoring and evaluation systems regarding the success of these
instruments and strategies. This study develops and validates a monitoring and evaluation (ME) scale
for the South African skills development context. A quantitative nonexperimental cross-sectional survey design was used to collect data from 557 participants. Data were analyzed using SPSS and AMOS
software (version 23.0). The findings show that the ME scale is scientifically valid and reliable and can
be used with confidence in the South African skills development context. The findings provide scope
for a validation study on an independent sample, and an evaluation of structural invariance of the ME
scale across sample subgroups.
Keywords: skills development, occupational learning, learnership, apprenticeship, monitoring, evaluation,

1

Introduction

The skills development battlefield is a complex, ruthless and demanding environment driven by environmental forces, policies, international trends and
obligations, lifelong learning principles, human capital investments and effective training provision
benchmarks. South Africa is experiencing a persistent challenge of skills shortage, which is affecting
the level of economic productivity and is reducing
the country’s capacity to develop a knowledge society [1]. The South African government is giving the
issue of skills shortages considerable attention by
placing skills development at the core of socioeconomic development strategy [2]. The enactment
of the Skills Development Act 97 of 1998 (as
amended in 2008) marks a significant policy decision to transform the skills of the South African
workforce. The Act provides for the establishment
of an institutional architecture to coordinate skills
development at the national and sectoral levels; and
for the establishment of learning programs.
The goals of this legislation have to be monitored
and implemented through a National Skills Development Strategy (NSDS) which is reviewed every 5

years (the current one from 2011 to 2016 being
the third phase).
Developed as a cornerstone component of the skills
development strategy, learning programs are supposed to provide workplace learning in a structured
and systematic form; to link structured learning
to multiple sites and to do so in a manner that results
in a nationally-recognized qualification [2]. A learning program obligates the employer to employ
the learner, to provide specified work experience
and to allow the learner to attend education and
training [3]. The compulsory practical work-based
component aims to prepare learners for employability and to create closer synergy between education
and the world of work thereby narrowing the gap
between theory and practice and between classroom
learning and work experience.
International experience has shown that in order
to successfully implement skills training programs
in the workplace, there must be processes for implementing, evaluating and monitoring such training
to ensure that these programs continue to meet
the skills needs of employers and society effectively
[4, 5].
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Thus, systematic monitoring and evaluation is the
main tool to achieve effective evidence-based goals
[6]. However, it appears that before implementing
the learning program model, South Africa did not
evaluate the efficacy of such a model in the original
countries. This is a frequent omission in cases
of policy emulation [7].
Learning programs in South Africa are administered
by Sector Education and Training Authorities
(SETAs), which are in effect, a set of newly created
institutions that have yet to develop capacity to drive
skills development. There are 21existing SETAs
in South Africa currently, each being responsible
for the implementation of the NSDS in its own economic sector. SETAs have experienced considerable
difficulties and problems to date – such as the complexities of the implementation of the NSDS, lack
of capacity in monitoring and evaluation and a lack
of or poor quality assurance and management information system [8, 9].
Studies regarding the effectiveness of learning programs in South Africa have found problems inherent
at both the conceptualization and implementation
levels [10, 11]. A study by Kraak [12] found that
little monitoring and evaluation work has been done
on the success and impact of learnerships in South
Africa. In their study, Karlsson and Berger [13]
found that the ETDPSETA had not established
a system to effectively monitor learners participating
in the learnership program. There was no tracking
system to enable stakeholders to monitor and evaluate learners’ progress or to alert them when learners’
experience problems.
In addition, Smith, Jennings and Solanki [14] found
little mention of either monitoring or evaluating
learnerships by SETAs. They also reported that other
SETAs have failed woefully; are not in a position
to either administer the learnership or monitor
the performance of learners during the skills development phase; and that they have set aside insufficient time to critically reflect on whether the
learnerships are in fact achieving their overall objectives. Accordingly, SETAs are going to need to develop far more complex monitoring and evaluation
systems to assess progress toward achieving
the learning program objectives and outcomes [14].
To this end, this study seeks to contribute towards

an effective learning program monitoring and evaluation regime in South Africa by developing a monitoring and evaluation (ME) scale, which could be
used by stakeholders in the occupational learning
context.
2

Theoretical perspectives regarding
monitoring and evaluation

According to Cracknell [15], the term “monitoring
and evaluation” has come into common usage over
the last three decades. The mainstream position is
that monitoring is an ongoing process of data capture
and analysis for the purpose of control whereas evaluation is a periodic process of assessment for the
purpose of learning [16]. Monitoring has an internally focused, management-driven emphasis on the
efficiency of the project, while evaluation primarily
has an externally focused, stakeholder-driven emphasis on the effectiveness of the project.
Monitoring and evaluation is not just a question
of whether people completed an apprenticeship
or traineeship and obtained any relevant qualification. It is also a matter of the skills they have acquired that build on the skills they already possessed
before they took part [17]. According to Lange and
Luescher [18] for monitoring and evaluation to have
a function beyond mere accountability and resource
allocation, they have to transcend the generation
of baseline data and venture into the more complicated and contested terrain of explanation. In order
to achieve this, monitoring and evaluation systems
need to be deeply embedded in the socio-economic
and socio-political dynamics of the societies
in which organizations operate both at the conceptual
and the design level.
The OECD/DAC [19] defines evaluation as “the
systematic and objective assessment of an on-going
or completed project, programme or policy, its design, implementation and results”. Monitoring is
defined as “a continuous management function that
uses systematic collection of data on specified indicators to provide management and the main stakeholders of an on-going development intervention
with indications of the extent of progress
and achievement of objectives and progress in the
use of allocated resources” [19]. Monitoring is thus
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rather descriptive and assesses whether different
levels of an intervention (inputs, activities, outputs,
outcomes and impact) are realized as expected. According to UNICEF [20] monitoring is “the periodic
oversight of the implementation of any activity
which seeks to establish the extent to which input
deliveries, work schedules, other required actions
and targeted outputs are proceeding according
to plan so that timely action can be taken to correct
deficiencies detected.” Evaluation is “a process
which attempts to determine as systematically and
objectively as possible the relevance, effectiveness,
efficiency and impact of activities in the light
of specified objectives. It is a learning and actionoriented management tool and organizational process
for improving the current activities and future planning, programming and decision making” [20].
In this conceptualization, monitoring and evaluation
represent qualitatively different yet complimentary
activities.
While monitoring is viewed as the continuous observation of an activity and aims to identify the need for
corrective action by measuring change (input, output,
process, instruments) over time, evaluation is preoccupied with the interpretation of monitoring data,
and the attempt to discern, explain and assess change
patterns and causalities [21]. There is a blurring line
between monitoring and evaluation, especially if the
object of monitoring is not simply to produce data
regularly but to produce intelligence on data, which
in turn has some role in pointing to incipient problems and trends that cannot be simply signalled but
need some level of explanation and interpretation.
Explanation and interpretation in a monitoring
and evaluation system imply that the system itself
has to be embedded in social dynamics [18].
Evaluation is a complement to monitoring in that
when a monitoring system sends signals that the
efforts are going off track then good evaluative information can help clarify the realities and trends
noted with the monitoring system [19]. According
to Annecke [22], monitoring and evaluation are conducted for two major reasons: (1) to track implementation progress; (2) is to learn from the experience
and use this learning to design future projects better.
Monitoring usually implies a continuing operation
conducted by organisations during project imple-
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mentation to ensure that the project stays on track
to achieve its objectives. Thus, monitoring exercise
may be used to improve program efficacy as it is
implemented: the project should be flexible and able
to change and adapt to conditions on the ground as
indicated by the exercise. Evaluation is a periodic
assessment of the relevance and performance of the
project.
Given that there is little conceptual difference among
prevailing monitoring and evaluation approaches,
there is a great opportunity to work towards common
standards for how to do project and program monitoring and evaluation and to agree on common indicators for measuring key variables. Monitoring is
a continuous assessment of the functioning of project
activities, as compared with implementation schedules, the use of project inputs by the target population, and the effects of the project as measured
by physical, social or biological indicators [23].
The objectives of monitoring are to inform interested
parties about the performance of the project, to adjust project development, to identify measures that
can improve project quality, to make the project
more cost effective, to improve planning and measuring processes, and to be part of a learning process
for all involved stakeholders. Evaluation is a periodic
assessment of the relevance, performance, efficiency
and impact of the project in the context of its stated
objectives. Evaluation organizes and appraises
the information collected by the monitoring procedures, compares this information with information
collected in other ways and presents the resulting
analysis of the overall performance of a project
at a time and place convenient to stakeholders so that
they can make decisions about (1) whether to continue the project, (2) to compare the performance
of different projects, (3) to make changes in the project design, and (4) to make major changes in the
project’s management [23]. As with other areas
of the management system, the procedure for monitoring and evaluation should be constantly subject
to improvement and refinement.
Monitoring and evaluation can provide public and
internal accountability and help demonstrate impact
[24, 25]. Monitoring and evaluation answer questions related to how well a project or strategy
is working and identifies the conditions under which
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an action is likely to succeed or falter [26, 27]. It can
also serve as an early warning system for potential
problems and lead to ideas for potential remedial
actions [28].
Evaluation approaches vary by context and stakeholder interests, thus serving multiple and often
overlapping purposes, including knowledge generation, programme improvement, accountability, transparency, resource allocation, advocacy and impact
assessment. Mark, Henry and Julnes [29] developed
an evaluation framework that identified different
purposes, among others, basic research, accounting
and certification, status assessment, and effective
measurement. At the learning programme level,
monitoring and evaluation is most important
for determining whether or not the interventions are
effective [30]. Apprenticeships and traineeships involve complex governance arrangements and consideration needs to be given to how monitoring
and evaluation functions in this context [17]. Monitoring and evaluation needs to be part of quality assurance systems for apprenticeships and traineeships.
The NQI emphasizes the importance of monitoring
and evaluation of the progress made toward meeting
the goals of the organization [31]. In Singapore,
monitoring and evaluation are the key aspects of the
success of apprenticeships because this process begins when the program commences [32]. In South
Africa, the level of monitoring and evaluation
of occupational learning programs must be enhanced
and constant site visits may have to be introduced
in this endeavour since this is an aspect in which
weaknesses have been identified. The Quality Council for Trades and Occupations (QCTO) has to conduct research to monitor the effectiveness of learning
interventions in the context of the broader occupational learning system. The process of monitoring
and evaluation should revolve around the development and design processes, the implementation
of occupational learning programs and data analysis
and impact assessment (qualitative and quantitative)
[33]. SETAs have to focus on monitoring and evaluation of the implementation of occupational learning
programs in line with the Department of Higher Education and Training (DHET) regulations [34]. It is
therefore imperative that adequate monitoring
and evaluation be conducted constantly to ensure

proper conceptualization, development and implementation of occupational learning programs in
South Africa, hence this study that seeks to develop
a monitoring and evaluation (ME) scale.
3

Research design

3.1

Research approach

This study followed a quantitative, nonexperimental, cross-sectional survey design and primary data were collected from five Sector Education
and Training Authorities (SETAs) and a human resource (HR) professional body in South Africa.
3.2

Research participants

A total of 557 participants were drawn from six organizations (five SETAs and a human resource (HR)
professional body) in South Africa using a probabilistic simple random sampling technique. These participants were diverse in their occupational status
and included learning or training managers/employers, mentors/supervisors of learners/ apprentices, skills development officers/providers,
learning assessors/moderators as well as learners/apprentices. Adequate knowledge and understanding of the South African skills development
context, including the new occupational learning
system was very critical to the selection of participants into the sample. The majority of participants
(77%) were young people who were aged 35 years
or younger. About 52% of participants were females.
Fifty-six percent of the participants had achieved
a Senior Certificate as the highest qualification. Only
28% of the participants had a three years bachelor’s
degree or diploma as their highest qualification. Seventy-nine percent of the participants were involved
in learnerships. Occupationally, 62% of the participants were learners/apprentices, while 12% comprised manager/employers and mentors/supervisors.
The remaining percentage was distributed across
skills development providers/officers and assessors/facilitators.
3.3

Measuring instrument

A five-item monitoring and evaluation (ME) scale
developed by Tshilongamulenzhe [35] was used
for data collection. Responses were measured on a 6point Likert scale ranging from (1) “Strongly agree”
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to (6) “Strongly disagree.” Sample items included
“SETAs must monitor the performance quality
of skills development providers” and “Regular contact by SETAs with employers and learners must
occur.”
3.4

Research procedure

The researcher obtained permission to conduct this
research from five SETAs and an HR professional
body. After receiving approval, the researcher started
the process of planning for sampling and data collection with the respective organizations. The fieldwork
took place in the provinces of Gauteng, North West
and Mpumalanga in South Africa.
3.5

Statistical analysis

Statistical Package for Social Sciences (SPSS, Version 23) and Analysis of Moment Structures
(AMOS, Version 23) [36] were used to analyse the
data. Both the exploratory and confirmatory factor
analyses were computed. Exploratory factor analysis
(EFA) was executed using SPSS and AMOS was
used to conduct structural equation modeling as part
of confirmatory factor analysis (CFA). Exploratory
factor analysis focuses on whether the covariance
or correlations between a set of observed variables
can be explained in terms of a smaller number
of unobserved constructs known either as latent variables or common factors [37]. The analysis is often
used to gather information about inter-relationship
among the set variables. Tabachnick and Fidell [38]
give the following advice regarding sample size
for exploratory factor analysis: 50 is very poor, 100
is poor, 200 is fair, 300 is good, 500 is very good,
and 1000 or more is excellent. In the current research, a sample size comprising 557 cases was considered very adequate for factor analysis.
First, factor analysis was computed in the current
study to test the suitability of data for further analysis. An inspection of a correlation for a coefficient
above 0.30 was done followed by the calculation

of sample adequacy (Kaiser-Meyer-Olkin [KMO]
and Bartlett’s test for Sphericity). Suitability of
KMO sampling is connected with the suitability
of the correlations among the scale items. The values
vary between 0 and 1, and values closer to 1 are better. The suggested minimum value that is acceptable
for further analysis is 0.60 [38]. If KMO value is
high, Bartlett’s test becomes statistically significant.
Second, the factorial structure of the ES scale was
tested through the execution of principal components
analysis. A principal components analysis is essentially a method of data reduction that aims to produce a small number of derived variables that can be
used in place of the larger number of original variables to simplify subsequent analyses of data [37].
Construct validity was tested using structural equation modelling, a CFA technique that is applied
to estimate, analyze and test models that specify
relationships among variables [39]. A model is established at the beginning and thereafter tested to ascertain whether it is supported by the data obtained.
The factor structure obtained during EFA was tested
through CFA.
4

Results

As depicted in Table 1, the Kaiser-Meyer-Olkin
(KMO) index of .779 indicates that the items in the
monitoring and evaluation (ME) scale are very suitable for factor analysis [40], and therefore, the factorial structure to be obtained from the principal
component analysis (PCA) will be acceptable. KMO
is a measure of how much the items have in common. A KMO value closer to 1 indicates that the
variables have a lot in common. The Bartlett’s test
of sphericity was also conducted to test the null hypothesis that “the correlation matrix is an identity
matrix.” An identity matrix is a matrix in which all
the diagonal elements are 1 and off-diagonal elements are 0.

Table 1. KMO and Bartlett's Test values
Kaiser-Meyer-Olkin Measure of Sampling Adequacy
Bartlett's Test of Sphericity
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Approx. Chi-Square
df
Sig.

.779
789.831
10
.000

230

Maelekanyo Christopher Tshilongamulenzhe

As depicted in Table 1, the Bartlett’s test of sphericity was statistically significant (Approx x2 = 789.831;
df. 10; p ≤ .000) and thus the null hypothesis that
“the correlation matrix is an identity matrix” was
rejected. The determinant of the correlation matrix
between the factors was set to zero due to orthogonal
rotation restriction, which imposes the condition that
the factors cannot be correlated. Taken together,
the results of these tests meet a minimum standard
that should be passed before a PCA is conducted. A

single-factor structure was obtained during the PCA
(using varimax rotation) and the results are depicted
in Table 2. All items of the ME scale yielded communality values above .66, which is by far higher
than the .30 threshold suggested by Tabachnick
and Fidell [38]. These results suggest that all items
of the ME scale are working together in support
of the monitoring and evaluation construct, and this
proves the unidimensionality of the ME scale.

Table 2. Item factor load
Item

Factor load

1. SETAs must keep records of the registered occupational learning program agreement

.753

2. SETAs must oversee the implementation of occupational learning programs

.802

3. SETAs must monitor the performance quality of skills development providers

.770

4. Regular contact by SETAs with employers and learners must occur

.662

5. SETAs have the overall responsibility to monitor and evaluate the impact of occupational
learning programs
Extraction Method: Principal Component Analysis
1 component extracted

The scree plot representation shown in Figure 1 supports a single-factor structure obtained for the ME
scale. The first item accounts for 54.20% of the total

.685

variance explained for the ME scale (with 2.71 eigenvalue units).

Figure 1. Scree plot for items of ME scale
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4.1

Scale reliability

The ES scale was tested for its reliability and the
results are depicted in Table 3. The item mean values
ranged from 1.50 to 1.68 and that of the total scale
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was 8.04. The ES scale has yielded a good reliability
coefficient of 0.78 as shown in Table 3.

Table 3. Item statistics and reliability coefficients for the ES scale (n = 557)
Items
1. SETAs must keep records of the
registered occupational learning
program agreement.
2. SETAs must oversee the implementation of occupational learning
programs.
3. SETAs must monitor the performance quality of skills development providers.
4. Regular contact by SETAs with
employers and learners must occur.
5. SETAs have the overall responsibility to monitor and evaluate the
impact of occupational learning
programs.

Total scale (n = 5)

4.2

Mean

Std.
Dev

Scale
Mean if
Item
Deleted

1.50

.726

6.54

6.954

.569

.429

.741

1.67

.880

6.36

6.163

.623

.481

.718

1.54

.785

6.50

6.617

.601

.368

.729

1.68

.907

6.36

6.536

.496

.274

.763

1.64

.936

6.39

6.329

.521

.294

.756

8.04

3.108

Structural equation modeling

Structural equation modeling was computed to test
multiple relationships in the current study as well as
the construct validity of the ES scale. First,
the standardized regression estimates were computed
as depicted in Table 4. The standardized regression

Scale
Squared
Corrected
Variance
Multiple
Item-Total
if Item
CorrelaCorrelation
Deleted
tion

Cronbach's
Alpha if
Item Deleted

.782

estimates for the model tested in this study ranged
between .509 and .791, while the standard error coefficients ranged between .074 and .088 as depicted
in Table 4. All five items were found to be significant predictors of the monitoring and evaluation
construct (p ≤ .001).

Table 4. Regression weights for the items of ME scale
Estimate

S.E.

Std. Regression Estimate

C.R.

P

monitor

<---

MonitoringEvaluation

1.012

.074

.677

13.731

***

contact

<---

MonitoringEvaluation

.879

.083

.509

10.581

***

evaluate

<---

MonitoringEvaluation

.967

.086

.542

11.235

***

implementation

<---

MonitoringEvaluation

1.325

.088

.791

15.102

***

keep_records

<---

MonitoringEvaluation

1.000

A single-factor five-item model depicting the ME
scale as obtained from the PCA was developed
for CFA as shown in Figure 2 with calculated itemfactor correlations. Path coefficients in this model
ranged from .88 to 1.32. Kline [41] indicated
that path coefficients with absolute values less than

.723

.10 could indicate a “small” effect, values around .30
could suggest a “typical” or “medium” effect, and
a “large” effect could be indicated by coefficients
with absolute values ≥ .50. In the current study, all
the values were higher than .80, thus supporting
large effect.
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Figure 2. Initial hypothesised ME model

Several fit indices were computed in the current
study to test the structural equation model against
the data. The most widely used indices are the absolute fit indices (e.g., chi-square (x2), standardized
root mean square residual (SRMR)), relative fit indices (e.g., normed fit index (NFI), Tucker Lewis in-

dex (TLI), and incremental fit index (IFI)) and noncentrality-based indices (e.g., comparative fit index
(CFI) and root mean square error of approximation
(RMSEA)). The current study tested the data against
all these fit indices and the results are depicted
in Table 5.

Table 5. Fit indices for the initial structural equation model
X2

X2/df

TLI

IFI

NFI

CFI

SRMR

RMSEA

Criteria for a good fit

>.05

≤3

≥ .95

≥ .95

≥ .95

≥ .95

≤ .08

≤ .06

Initial model

70.61

14.12

.83

.91

.91

.91

.06

.15

Model

The relative chi-square (X2/df) was found to be
above the ≤ .3 value recommended by Kline [41].
The TLI was found to be very low (.83) and the other
relative fit indices (IFI and NFI) were at an acceptable level, but below the ≥ .95 threshold recommended by Hu and Bentler [42]. The CFI was also found
to be at an acceptable level, but also below the ≥ .95
threshold recommended by Hu and Bentler [42]. The
SRMR value was at an acceptable level (.06) relative
to ≤ .08 threshold recommended by Hu and Bentler
[42] and Schreiber et al [43]. The RMSEA value was
found to be extremely higher (.15) than the ≤ .06
threshold for a good fit as recommended by Hu
and Bentler [42]. In view of the findings that the
initial structural equation model for the ME scale
does not adequately fit the data, the researcher examined the standardized regression weights, squared
multiple correlations and modification indices

in order to explore the sources of lack-of-fit so as
to establish how the model can be respecified.
In a confirmatory factor analysis, an initial model
can be respecified in order to improve its goodness
of fit, parsimony and interpretability [44]. Model
respecification is based on modification indices (empirical evidence) and substantive justification (theoretical evidence). Trimming off variables with low
loadings and correlating errors of variables are two
general ways of model respecification [41]. Correlated errors are specified when some of the covariance
across two variables is not explained by the latent
construct [44]. Although correlated error can be
specified according to modification indices, they
need to be supported by a theoretical rationale.
After analyzing the initial model results, the researcher examined the standardized regression
weights and squared multiple correlations of ob-
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served variables in order to establish the source
of inadequate fit. As can be seen in Figure 2, no variable was found with low standardized regression
weight (less than .50) and/or low squared multiple
correlations (less than .15) as suggested by Liu [45].
The item loadings (standardized regression estimates) for all variables in the initial model were
statistically significant and higher than .50 (p <
.001). Similarly, the correlation estimates depicted
in Figure 2 for all the observed variables ranged
from .25 to .62 and were also statistically significant.
Thus, an examination of both the standardized regression weights and squared multiple correlations
offered no clear suggestions for model respecification. The next avenue was to explore the
modification indices. The results of modification
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indices are depicted in Table 6. Modification indices
are numerical estimates calculated in AMOS that
indicate places in the model where paths could be
added to improve model fit [46]. Specifically,
by allowing for error terms with similar sources
of measurement error to covary, the resulting observed scores are closer to respondents’ “true” scores
on those measures, and this will often improve model fit. Larger modification indices values (i.e., those
greater than 4.0) are considered to be an indication
that covariance paths should be considered; however,
additional paths were specified only when it made
sense theoretically [46]. As depicted in Table 6, priority had to be given to error covariance that is theoretically justifiable and that could yield a better
parameter change.

Table 6. Modification indices
Error terms
e2
e5
e4
e4
e4
e3

<-->
<-->
<-->
<-->
<-->
<-->

e1
e1
e1
e2
e5
e4

Consequently, e4 and e5 were covaried first (with
marginal model improvement), followed by e1
and e2 (with substantial model improvement) as

M.I.

Par Change

17.291
13.263
6.412
11.914
37.034
7.718

.061
-.070
-.048
-.075
.170
.059

depicted in Fig. 3. The path coefficients for the revised model ranged from 1.08 to 1.36.

Figure 3. Revised hypothesized ME model
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The results of the fit indices for the respecified
model are depicted in Table 7. It is clear that the
covariance allowed on error terms of applicable

observed variables as suggested by the modification
indices has yielded the best model fit.

Table 7. Fit indices for the revised structural equation model
X2

X2/df

TLI

IFI

NFI

CFI

SRMR

RMSEA

Criteria for a good fit

>.05

≤3

≥ .95

≥ .95

≥ .95

≥ .95

≤ .08

≤ .06

Initial model

4.75

1.58

.99

.99

.99

.99

.03

.01

Model

As shown in Table 7, the relative chi-square is below
the threshold of ≤ 3 as suggested by Kline (2005).
All other indices have shown an excellent model fit
(TLI = .99; IFI = .99; NFI = .99; CFI = .99; SRMR =
.03; RMSEA = .01).
5

Discussion

The purpose of this study was to develop and validate a measure of monitoring and evaluation
for occupational learning programs in South Africa.
Specifically, the construct of monitoring and evaluation was treated as a latent variable while its attendant items were manifest variables. A singlefactor model suggested by Tshilongamulenzhe [35]
was tested in the current study using principal components analysis (PCA) and rotated using varimax
technique. The findings of this study support a single-factor structure for monitoring and evaluation
(ME) scale that was developed by Tshilongamulenzhe [35].
As stated by Tshilongamulenzhe [35] and Tshilongamulenzhe, Coetzee and Masenge [47], the development of the ME scale complied with the
established scientific conventions suggested by Benson and Clark [48], DeVellis [49], and Worrington
and Whittaker [50]. The psychometric attributes
of the scale were examined in accordance with the
recommended practices as suggested by Gerbing
and Anderson [51], and these included assessment
of measures of scale validity and reliability. Scale
reliability is defined as the proportion of variance
in participants’ scores on an instrument due to true
differences in their scores [52]. Reliability reflects
the consistency of items over time, tests, and groups
[41, 53]. The internal consistency method uses vari-

ous algorithms to estimate the reliability of a measure from measure administration at one point in time
[54]. It assesses the equivalence, homogeneity
and inter-correlation of the items used in a measure.
This means that the items of a measure should hang
together as a set and should be capable of independently measuring the same construct. Nunnally
[55] states that newly developed measures can be
accepted with ≥ .60; otherwise ≥ .70 should be the
threshold [41, 52]. The findings of this study show
a good reliability coefficient of .78 for the ME scale
and this is above the .70 threshold. Therefore,
the items of the ME scale are measuring the same
construct, thus making the measure reliable.
The factorial structure of the ME scale was also subjected to structural equation modeling (SEM) as part
of confirmatory factor analysis. SEM estimates indirect effects as well as direct effects among latent
variables that allow for the estimation of the total
effect. The path diagram in the SEM helps to clearly
present the direction of each effect and the covariances among all variables in one complete picture
[56; 57]. The structural equation model specifies the
relationships among the latent variables, and describes the causal effects and amount of unexplained
variance [58]. The findings of this study show that
the model suggested for ME scale fits the data perfectly (x2/df = 1.58; TLI = .99; IFI = .99; NFI = .99;
CFI = .99; SRMR = .03; RMSEA = .01). A good
model fit would provide an insignificant x2 result at
p > .05 threshold [59; 60]. A general rule for acceptable model fit is that the ratio of the x2 to df (x2/
df ) should be ≤ 2 [38] or ≤ 3 [41]. The chi-square
test findings (x2 = 4.75; x2/df = 1.58) in the current
study show that the data provides a good model fit.
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A standardized root mean square residual (SRMR)
was tested in this study and the findings show a value of .03, thus denoting the best model-fit.
An SRMR is the square root of the difference between the residuals of the sample covariance matrix
and the hypothesized covariance model [60]. Values
of the SRMR range from zero to 1.0 with well-fitting
models obtaining values less than .05 [61; 62].
The smaller the SRMR, the better fit of the model.
Values as high as .08 are deemed acceptable [42;
43]. An SRMR of 0 indicates perfect fit.
The following relative fit indices were examined
to determine model fitness in this study: normed fit
index (NFI), incremental fit index (IFI), and TuckerLewis index (TLI). The findings show a perfect
model fit with a value of .99 for NFI, IFI, and TLI
respectively. Bentler and Bonnet [63] recommend
that values greater than .90 for NFI indicate a good
fit. According to Schumacker and Lomax [64],
by convention, NFI values above .95 are good, between .90 and .95 are acceptable, and below .90 indicate a need to respecify the model. A suggestion
by Hu and Bentler [42] is that the cut-off criterion
should be NFI ≥ .95. Regarding IFI, a suggestion
by Schreiber et al. [43] is that the cut-off criterion
should be IFI ≥ .95. For TLI, Hu and Bentler [42]
have suggested ≥ .95 as the cutoff for a good model
fit and this is widely accepted. TLI values below .90
indicate a need to respecify the model. All the relative fit indices in the current study are by far in excess of the set thresholds and therefore support
a perfect model fit.
Lastly, this study examined the two noncentralitybased indices, that is, the comparative fit index (CFI)
and root mean square error of approximation
(RMSEA). The CFI assumes that all latent variables
are
uncorrelated
(null/independence
model)
and compares the sample covariance matrix with this
null model [65]. A cut-off criterion of CFI ≥ .90 was
initially advanced [60]. However, studies have
shown that a value greater than 0.90 is needed
in order to ensure that misspecified models are not
accepted [42]. Schreiber et al. [43] have suggested
CFI ≥ .95 as the cutoff for a good model fit. The CFI
is the most popular index in the recent period to be
reported and included in structural equation modeling, because it is one of the measures least affected
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by sample size [66]. The findings of this study show
a CFI value of .99 and this is by far in excess of the
suggested threshold for a good model-fit.
The RMSEA tells of how well the model, with unknown but optimally chosen parameter estimates
would fit the population covariance matrix [61].
In recent times, this statistic has become one of the
most informative fit indices [62] due to its sensitivity
to the number of estimated parameters in the model.
Recommendations for RMSEA cut-off points have
been reduced considerably. Up until the early 1990s,
an RMSEA in the range of .05 and .10 was considered an indication of fair fit and values above .10
indicated poor fit [67]. It was then thought that
a RMSEA value of between .08 and .10 provides
a mediocre fit and below .08 shows a good fit [67].
However, in recent times, a cut-off value of .60
or less seems to be the general consensus among
authorities in this area [60, 43]. The findings of this
study show an RMSEA value of .01, which is extremely lower than the suggested threshold, thus
suggesting a perfect model-fit.
Overall, the findings of this study support a valid
and reliable ME scale for use in the South African
occupational learning context. The scale fits perfectly to the data and its items are working together
to support one construct (i.e., monitoring and evaluation), thus supporting unidimensionality and construct validity.
A conclusion that can be drawn from the findings is
that the ME scale is unidimensional, valid and reliable and could be used with confidence to examine
the effectiveness of monitoring and evaluation activities by stakeholders in the South African occupational learning context.
A limitation of this study is that the sample was
drawn from two types of learning programs, that is,
learner ship and apprenticeship. Therefore, the findings must be interpreted within the context of these
two learning programs and nothing else.
It is recommended that a validation study be conducted on a different population and/or sample
in South Africa and a careful consideration be made
to test the structural invariance of the ME scale
across population subgroups.
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Abstract: The public university is a peculiar mix of features of corporations, public office, and the
legacy of a tradition of federalism and academic freedom. Hence its programming information, understood as the primary management tool, requires a specific approach. This article (on the nature of the
study) discusses the challenges of research by referring to selected participating (action research) carried out in the course of the implementation of information technology (IT) projects at the Warsaw
University of Technology in the years 201315. Computerization of university is a complex, ongoing
process, which depends on many factors, limited all kinds of regulations that requires making the right
decision at every stage. The introduction of standardized and business processes is expensive and associated with organizational changes. However, it brings benefits in terms of new technologies, reduce
operating costs and increase flexibility to respond to changing external conditions. Informatics is a dynamic process, that usually lasts as long as the organization works and develops. Organization and her
environment are changing, it requires to adapt hardware and software solutions [2].

Keywords: public university, the strategy, the strategy of informatization, computerization program,
enterprise architecture, IT service management, information systems and technology, operational model, project management.
1

The specificity of public universities and its
operation

The university is a public institution that shall carry
out the functions of research, educational, social, and
cultural. It is a campus in which the students are
educated, the future elite of society, and research
center and Advisory Committee. Public school
“functions at the same time according to the laws
and rules of the market. Thus inherently significantly
differs from both entities only public and only business entities. In addition fulfill, special social role
full genetic centuries University tradition, which
means specific relationships with a very wide range
of stakeholders” [10].
1.1

Higher education environment
and environmental guidelines

The university operates in an environment of higher
education according to the rules that are defined by
the
provisions,
mainly
higher
education
act. They shall be governed by formal rules and environmental guidelines, for example, The Conference
of Rectors of Academic schools in which are the

subnational initiatives of the universities in Poland. They have an impact on government documents and regulations. An example is "The developdevelopment of higher education Strategy 20102020-environmental project" [12], which together
with the other public suggestions reflected in the
"Programme for the development of higher education and science for the years 2015-2030" [5] developed by the Polish Ministry of Science and Higher
Education.
The document contains guidance in directions of the
development of higher education and science,
in particular aspects of improving the quality of education and adapt it to the needs of society, improve
the quality of research, changes in organization management and financing, and increasing the impact
on the environment (social, economic, and international).
In each of these aspects, this paper puts a strong
emphasis on cooperation with foreign institutions. In accordance with the guidelines of the Warsaw University of Technology (WUT), their essential
internal documents have developed.
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Figure 1. The context of the functioning of the University
(source: own elaboration)

The Challenges of Public University Informatization

They are the following:

 The Mission of the Warsaw University of Technology, which outlines the vision plans and their
implementation within the framework of the education and research, taking into account the needs
and directions of the development of society
in conjunction with the prosocial university tradition,
 The Statutes of the Warsaw University of Technology, setting out the General principles of the
functioning and organization of the College,
 The Warsaw University of Technology Development Strategy up to 2020, that indicates the development in four key areas of its activities:
education, research and the commercialization
of research results, the university's interaction
with the environment, organization and management.
1.2

Formal conditions  legal

In addition to the environmental conditions,
the WUT is a public entity and subject to the legal
rules in this sector. It is required to conduct its business in accordance with the applicable legislation. Specific public finance act is here applicable,
the financing of science and public procurement
act. These are the tools of state bodies for the proper
and effective management of public assets. A specific role that organizes and, unfortunately, limits the
freedom of action, is the if public procurement act,
which serves the implementation of purchases
of goods and services subject to the requirement
for competitiveness.
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sphere of the market economy must meet its
rules. They are forced to compete with other universities for students. The competition takes place
in multiple dimensions (the attractiveness of studies,
conditions of the student life, the scholarships,
the university's position, attractiveness directions
and ability to acquire interesting and well paid job,
the possibility of doctoral studies and subsequent
career, international exchanges, technological advancement, professional internships, etc.).
The competition is so much stronger, as nonpublic
universities also participate, which often have a
close, very business, profile. They are not constrained by provisions relating to public bodies and
are better prepared to compete.
Competition in the field of education, but rather
to obtain the greatest number of students, is so important that universities receive special subsidy depending on the number of students. In the context
of the demographic decline, it is important because
the acquisition of students becomes increasingly
difficult.
In the research on the competition, in addition
to private universities, there is the typical research
centers that specialize in specific segments of the
science. Competition in the field of research affect
the number of obtained orders from the economy,
which entails financial benefits and creates prestige.
1.4

The tradition of university

“The market economy is associated with competitiveness, and this also applies to higher education”
[1]. Universities compete in our quest for the best
candidates for the students, the best scientists, most
grants, etc. “The competitiveness between them occurs not only in the field of science and teaching, but
also in services to the economy, government, nongovernmental organizations” [3, p. 74].

Independence and university tradition are still carefully cultivated in the public schools. This is the
legacy that integrates academic life and is an important cultural message in shaping personality. It strengthens
the
academic
community
and affects the image and prestige of the social [10]. It is believed that “centuries-old tradition
of the university is one of the highest forms of civilization achievements of humanity. (…) Public school
gets so to twofold challenges. First, keep the tradition. (...) Secondly, social expectations about a high
level of social aspiration to achieve individual
and collective” [3, p. 78].

Despite operating in a college environment, under
which the universities and their faculties receive
a financial subsidy from the state budget to carry out
statutory activity, at the same time, work in the

Tradition manifests itself in many aspects of university life, affects the implementation of the activities
and processes helps to fill cultural functions, whether
educational opinion-makers. It is the most important

1.3

Measurement of competition
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and natural part of the university's brand. Tradition
makes college life richer and fuller, but processes
and the scope of the operation of the colleges make
students little susceptible to change. This is particularly important in the reorganization and optimization of processes and the implementation of modern
information technology (IT) solutions, which has
a significant impact on the ability of universities
to the modern trends of development and their pace.

ness. Such behavior also determines the shape
and functioning of IT resources.

1.5

1.7

Public reporting

The university similar to every other public entity is
required to report to the public information and the
parent institutions in terms of statutory activity, financial reporting, statistics declarations, and notices
of public contracts. In the past five years, recognizing the need to increase the efficiency of management and financing of higher education, in
accordance with the "Programme for Development
of Higher Education and Research for the years
2015-2030" [5], by the Polish Ministry of Science
and Higher Education requires from college even
wider reporting of business activity  substantive
(e.g., human resources, degree courses, and scientific
achievements) and on the economy of their own
(e.g., investments, the properties owned, and their
use).
Support is a nationwide system of POL-on. If the
university is bigger and has a more complex structure and the degree of independence the departments
is greater, it is more difficult to perform these duties. In order to meet the vital importance of building
a uniform system of reporting within the framework
of an integrated IT systems that supports the management of the institution.
1.6

The university as the office,
or public duties

Although it sounds iconoclastic in the context
of university traditions, the current rules make the
university, as a public body, to officially adopt the
typical functions and behaviors. It is committed
to customer services, which are mainly students,
to administrative proceedings in accordance with the
laws of the duties and tasks of public entities,
to provide public information about their busi-

The university is required, for example, in accordance with the law on IT for bodies pursuing public
tasks, for sharing your secure electronic inbox, meeting the standards defined by the proper Minister
of Information Technology. Similarly, the university
is obliged to carrying out the public information
bulletin.
Cooperation with the environment

Cooperation may be considered at several levels. An important element of it is tracking the fate
of graduates. This can lead to cooperation (technical,
industrial, economic, educational) between alumni
and employers who employ them and university,
from which both parties will benefit.
Cooperation with the economic environment drives
and inspires research centers, including public universities, to undertake specific research directions. It ensures that specific productions problems
are solved, new technologies are implemented,
the modern materials are developed.
Cooperation with the business environment brings
benefits to the university, in addition to the financial
prestigious. In the university environment, specialized centers are created, whose job is to seize the
handle of the process of commercialization of research results. An example is the WUT Innovation
Management and Technology Transfer’s Centre 
financed from the resources of the European Union.
1.8

The university as a corporation, or conditions in the management and development

Higher public college is essentially a nonprofit institution (perhaps in a limited range of provisions
to make money on the services, but as a whole must
develop to cover the costs of activities and development), though organizationally it reminds economic
corporations, especially those traditional, heavily
burdened with fixed costs related to infrastructure
and an extensive staff and social services.
Meanwhile, the competitive position is always connected with the possibilities of development. In the
light of the described significant fixed costs,
the challenge is an appropriate change in the approach to the management of the university. It is
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necessary to seize the market rules of management
processes, but in a way that does not destroy
the tradition, and prestige. Investments are necessary, especially in the IT solutions that will facilitate
these processes, while, at the same time, will increase the attractiveness of studying and research
potential, thanks to the use of modern technology.
Way forward is particularly centralization of common services, including IT, because it prevents the
dissipation of the cost of services, which "do not see"
and the efficiency of their supply is low. This is
in conflict with a natural devolution to conduct
of education and research. Finding a solution to this
conflict, which is possible, promotes the latest trends
of economic development, putting emphasis on
a pedestal intellectual capital and innovation, which
should be introduced with caution “using the concept
of A. Giddens” – traditional school is orientated
towards the past, where the words of the past in the
form of ritual and symbolic policy has overwhelming
influence on the present or future control task ‘be
harnessed’ through the prism of the burden of the
past. “(…) Therefore, the space of traditional teachings with such difficulty is critical of modernization,
commercialization and technicality” [4].
2

Characteristics of the baseline

In accordance with the Polish Programme Development of Higher Education and Science for the years
20152030 "… an important element of the reform
should be to make a base unit of the University, and
not the Department. In the current legal framework
universities are rather federations of departments
assessment bodies, accreditation, permission to give
degrees. The changes, backed up by funding mechanisms, should lead to increased interdisciplinarity
and flexibility of constructing learning pathways,
to break the mutual isolation of faculties and the
optimal use of the resources of the University." [5]
Organization of faculty autonomy means that the
current environment management solutions are characterized by a high level of decentralization and,
in the field of IT solutions, a variety of technologies
and standards.
The level of standardization is, unfortunately, quite
different from the minimum to ensure that the uni-
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versity economically justifiable to support its activities. The main problems are:
 too high baskets the maintenance and development of IT systems on a scale of universities
and limited ability to control funds allocated
for this purpose,
 restrictions on the exchange of data between departments and access to current data,
 uncontrolled from the level of IT center redundant data,
 insufficient quality of IT services resulting from
the lack of a mature and modern organization
to support these services,
 the lack of a clear determination and consistent
application of standards, especially in the absence
of a definition of corporate architecture resources
and IT services,
 duplication of functionality in different systems,
 diverse and, in most cases, insufficient level
of security of information and communication
systems, resulting from the absence of homogeneous and consistent safety standards,
 limited ability to implement initiatives in the field
of information and communication services
for the coverage beyond a single frame of the
faculty of the university,
 limited ability to planning development systems
of information and communication services from
a level of university [11].
Fulfilling the role of the college, among others, is the
use of IT, which is crucial to improve both the quality and efficiency of the implementation of tasks
and the attractiveness of the services provided by
universities.
One of the elements that have an impact on the final
effect of the implementation and use of IT is an organization of information services departments, their
location in the universities structure, and processes
and cooperation with its administrative, teaching,
and scientific units, for which IT support built
the implemented processes.
Ordering the organization in the use of IT services,
which are changes in the entire public administration, aimed at stepping up electronic caller's service
projects and the exchange of electronic information,
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including replacing paper document with an electronic document. Process of change also enforces the
external environment, in the form of, among others, various reporting, taking into account the requirements of inter-operability.
In addition to the environment and determinants
of university activities that are shown earlier,
the following are the characteristics of the challenges
in the IT field, in particular for e-Government and eservices.
2.1

Selected items of the document "State 2.0"

The key to the success of the changes in the organization of the conclusions come from a report of the
Ministry of Administration and Digitization
of The report "The State 2.0.". A new start for eGovernment (2012) [7]. The report had two goals.
First of all, a synthetic information on the status
of implementation of projects relating to information
technology and digitalization. Second, it presented
guidelines for further action in the field of computerization and digitization of Polish, with a particular
focus on the development and improvement of eGovernment.

of IT projects leading to the creation of information
systems and computer scientists, not choosing IT
specialist, but experts in the field. They have
knowledge on purpose facing the organization (the
report "The State of Web 2.0", 2012).
2.2

The Program Integrated Informatization
of The State (PZIP)

PZIP [6] is a strategic document that describes
the actions of the government's efforts to provide
the public with high-quality electronic public services. The objective of the program is the preparation of a coherent, logical, and efficient information
system of the state, delivering e-services at national
and European level, in an efficient manner in terms
of quality and cost.
The program will provide the cooperation of existing
and new information and communication systems
of the public administration, while eliminating redundant functionality yet. By filling the objectives
PZIP will measure the percentage of citizens
and businesses benefiting from e-government services, and the level of user satisfaction [6].

A large part of the irregularities in the computerization of the different fields of activities and the implementation of individual projects has its origin
in the incorrect assignment of roles. In particular,
this applies to projects in which the departments
of computer science take over all roles, including owner, or principal unit of competent in matters
of organization and management and legally responsible. Meanwhile, remember that process owners
need to see the entire string action and then detail
the role of IT in the process, and reasonable information is able to define and supervise only one who
this information needs. It is so processes in public
entities (colleges) and services they provide.

The document stresses that the “current process
of computerization of island characterized by solutions that match the needs of the various sectors
of public administration, however, did not provide
sufficient interoperability of systems, which could
have a negative impact on the implementation of eservices. In the light of the above, it has become
necessary to introduce a new instrument for planning
and coordination of information technology for public entities, that is, established by resolution of the
Council of Ministers” [6] (The Program Integrated
the State Informatization, 2014). The essential thing
that it lacks of is that it does not deal with the place
and the role of the departments IT services in organization.

The owner of each process should be so no programmer, but substantively engaged employee who
really is responsible for the process. Passive attitude
of the people actually responsible for the area of the
organization that leads mostly to define requirements
and abnormal business justification, as well as the
excessive costs of computerization. The same quality

There is no reference to the issue of the standardization organization, which can be a source of failure
in maintaining and implementing next IT tools in the
longer term. In particular, this may cause further
construction of isolated systems supporting only
a single business process, so that the later integration
is more labor-intensive and expensive [8].
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The same is true in many universities. IT support,
pursue almost isolated cells in basic units of the University, using a variety of solutions, would not ensure interoperability, which leads to a different
support similar processes.
Meanwhile, the integrated computerization is based
on four pillars:
 Logical and efficient circulation of information that makes the administration to help the
citizen (in the university, employee or student)
in the execution of his/her obligations to the state
or the university and assisted him/her in carrying
out his/her aspirations. Computerization is, therefore, subordinated to the circulation of information.
 Focus on the processes and services it provides,
rather than on projects. The owner of each process is a public authority (the university) by an
official body, which is really responsible for the
contacts on the lines of the state’s citizen (student).
 Transparency and effectiveness in expending
public funds. All selected and implemented solution must guarantee the best possible results to relationship effort involved.
 Technological neutrality, which ensures that access to services and supplies for administration
(university) is not restricted to use technology
and results
only
from
the
functional
needs. Selection of solutions provides the possibility of future changes to the IT solution provider, if the cooperation with the present does not
guarantee the fulfillment of the expectations
of the public site [6].
2.3

State Enterprise Architecture: support for
interoperability of public administration

Development of European Reference Architecture
for Interoperability [15] is a project layer to increase
the interoperability of pan-European and the development of corporate architecture of the Polish State
(increasing cross-border and cross-sectoral stocktaking exercise interoperability Polish solutions), including the use of already existing solutions,
in accordance with the EIRA. In both cases, it is
assumed that the main tool would be the uniform
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description of electronic public services in the EU
(architectural construction blocks).
The effects of the project are:
 electronic public services: a common methodology and terminology of the description of services,
their components and interfaces, and the rules
for the exchange of data between services,
 to facilitate the design and construction of services using other solutions reduce costs,
 discovering candidates for shared services, solutions available for re-use; comparing solutions
to optimize them,
 the reference architecture for interoperability
for the segment,
 increase compliance solutions with national and
the European Interoperability Framework [15].
Given the above challenges in mind, the university
should have up their sleeve approved plans to computerize in view of the annual and multiannual basis,
forming the basis for a consistent build an integrated
information system. Its construction should be based
on proven solutions and experiences of implementing them. This requires having a strategy (hereinafter the strategy) together with the appropriate
organization covering both project management and
systems maintenance after deployment.
A major concern is the financing of such projects.
Analysis of National Operational Program indicates
that it will be possible to obtain resources on,
for example:
 support consolidation processes (Operational
Program Knowledge, Education, and Development - POWER),
 the modernization of ICT infrastructure in organizational units (Operational Program Infrastructure and Environment, themed objective No. 6 
preservation of cultural heritage and the development of cultural resources).
In the framework of the III priority axis of an Operational Program Knowledge, Education, and Development (POWER) will be able to:
 provide education at a higher level, corresponding
to the needs of the economy,
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Figure 2. The vision of the integrated system
(source: own elaboration)

 enhance the quality of doctoral studies and provide their participants with appropriate directions,

3

 increase openness and international mobility
in higher education,

Fig. 2 shows the architecture of the integrated system, which in the rest of the article will be approached by the example of the Warsaw University
of Technology. The vision of an integrated system is
presented based on layers, of which the construction,
modernization, development, and maintenance can
be reasonably independent, but which eventually will
consist on the system, to ensure the provision
of scheduled services on a given level, complying
with the requirements, resulting, for example, modern technologies used by students, security
policy (including providing continuity), or legal requirements.

 improve the quality of teaching and the development of management systems on college campuses.
In the framework of the operational program Digital
Poland deliver objectives such as, how to build effective and user-friendly e-services, including the
area of science and higher education.
In the framework of the II Investment Project of the
Operational Program, the following will be possible
by Digital Poland:
 digitization of learning resources and create interactive electronic services, for example, students,
researchers, entrepreneurs, public administration,
 creation of services and applications that use epublic services and public sector information.

The vision of the integrated system in WUT

There are no obstacles to attach to such a model
of the architecture additional modules, especially
if you have previously set out clear principles
of construction based on the concept of enterprise
architecture.
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From the point of view of analysis and design, there
are four layers of corporate architectures (TOGAF):
 business (business architecture),
 data (data architecture),
 application (application architecture),
 technical infrastructure (technology architecture).
Enterprise architecture is understood as an arrangement of business processes and it infrastructure according to the logic that reflects the requirements for
the integration and standardization of the operating
model [8] and may be considered as a tool to support
strategic decision making in response to the formulated previously possible paths of action. Enterprise
architecture models have a wide range of applications. The following are most commonly used:
 the matching of information technology to strategic objectives of the organization,
 removal of reengineering redundant and inefficient business processes,
 an integrated approach to the creation of processes and information systems,
 change in management (including strategic
change, and transformation of the organization)
and development of the organization [14].
In order to ensure systematic procedures for corporate architecture frameworks for enterprise architecture are used. They should provide a coherent
description of the organization; methods at the level
of principles, strategic objectives, business processes, data, software systems, technical infrastructure
and provide a conceptual apparatus for your enterprise architecture [14].
The purpose of the construction of an integrated
system for the University will be support service
processes as a result of the implementation of modern architecture, and not the hardware platform
and the system. This is consistent also with the new
prospect of EU funding, focusing on the effects
of systems but not on their construction.
The integrated system will provide both transactional, interactive and informational services.
In accordance with the above, the vision of an integrated system for the college shall be based on the
following layers:
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 the platform as a member of the integrity of the
organization's solutions used, from which
the quality and reliability depends on access to all
other services. Never so much service were dependent on this layer, in particular when using
a class cloud computing solutions,
 integrating security in both business processes
and functional requirements (including the law),
and the organization. In particular, the major
problem to be solved is the identity management
and access, also due to the provision of services
using a variety of technologies,
 knowledge management as a support to the implementation of the strategy, vision, mission, education, scientific research and university
management through sharing: relevant data
and their sections, applications and systems,
based on the competences of human teams,
 information services, as the bilateral channel,
universal communications based on a variety
of modern technologies and personalize the needs
of stakeholders.
The key to the success of the construction of an integrated system is to provide mechanisms for the supervision of information services in the University
and the use of quality indicators, which in the longer
term should ensure the implementation of identified
priorities, at a constant optimization costs of IT services. For informatization, which should support
the implementation of processes in organization,
that means the need to systematically modify deployed solutions, as well as search for new, more
efficient and effective for organization [2]. According to above make the universal nature of the proposed vision of architecture.
4

The initial stage of computerization on the
example of the Warsaw University of Technology (WUT)

In accordance with the vision of the integrated system as shown in Fig. 3, and the Warsaw University
of Technology informatization strategy until 2020
[11], the University has consistently built integrated
information platform.
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Figure 3. Integrated Platform
(source: own elaboration)

It is based on three main information systems: SAP1,
USOS, OMEGA-PSIR that are the pillars of this
platform [www.ci.pw.edu.pl].
The SAP system in addition to a collection of functional modules are used as resource tools (e.g., Data
Exchange Bus, Business Warehouse).
Built the platform we are motivated by the following
idea – data entered once and at the source, and all
reports will be generated from a single location-data
warehousing in SAP BW. Each implementation is
carried out in a formula as a separately project involving the information services of the University,
specialized external companies and numerous teams
of users with different units and organizational cells
WUT [10].

5

Strategic considerations of informatics

The implementation of information technology
in universities, an organization that works with complex environment in the legal conditions and, in particular, in a business environment based on compete1

The project implementation of the SAP system in the area
of Finance (FI) has been awarded the prestigious SAP Quality
Awards 2014.
https:///www.pw.edu.pl/Uczelnia/Aktualnosci/Wreczenienagrody-SAP-Quality-Awards-2014-przedstawicielomPolitechniki-Warszawskiej

tion, with the financial uncertainty is high risk.
As a result of the implementation of it projects, services should ensure availability and continuity, be
widespread and expected by users of the service.
The success of the organization depends on a number
of factors, and you have to base it on an efficient
organization knows your business processes, well
know management, equipped with appropriate information technologies. A particular role in developments should be served by an information
technology strategy. Strategy affects the other strategies and policies of the university, and, , marks lines
of action out in a strict role and place it services
in your organization, with well-appointed measures
success.
Fig. 4 shows the improvement cycle IT services
in your organization, based on the principles arising
from the strategy. Define strategies in particular:
the digital divide in areas; the objectives to be attained in the direction area; university IT model, will
let, in the long-term mutual feedback of improvement implement of selected by Committee decision:
 computerization program,
 analyses of measurement indicators (including
quality of service-related) and the results
achieved now,

The Challenges of Public University Informatization

Figure 4. Series of improvement of IT services in your organization
(source: own elaboration)
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 development plans adopted as a result of the
analysis,
 IT projects,
 priorities (to restrictions, especially financial)
and gradually achieve the appropriate level of implemented services using infrastructure and IT
tools. The complex structure of actions requires ongoing commitment to solving the problems to find
such a program information technology to ensure
the sustainable development of organizations.
The achievements will be evaluated using strategic
indicators of information technology. In particular,
the implemented services should support the processes and functioning of information technology
should take place in accordance with the principle
of minimizing the risk.
The management of information technology is complex, because in any case you need decision-making
include:
 priorities, but restrictions and so manage financial
for example (maintenance systems their own
or also develop them?),
 resources (decisions: growth the competence
of the teams and the level of employment),
 the availability of services and their continuity
and, above all, their quality (what to adopt service
level agreement, after all, dependent on many factors).
It should also be aware of the limitations of the competence of the project teams and the teams responsible for the exploitation, provide resources and
training time so, primarily with significant changes
of functional requirements, entailing changes
in technology. Do not forget about standards, held
with the aid of control non-functional requirements,
in order to use an existing, familiar and infested solutions for sufficient flexibility.
We must also remember that each project forces the
organizational changes, resulting in an even process
optimization, which is reflected for example. in the
need to update the procedures – this is so the area
decision, but formal in nature.
Any decision can significantly change the status quo,
while going beyond the limitations. Decisions should
therefore be based on the analysis, using the

knowledge in the organization, adopted standards,
the experience of teams and the methodologies
and good practices.
At the same time it is important to establish
measures and indicators, in order to set the cycle
control the quality of service, which may be the only
thing an objective assessment of the results achieved.
Decision-making requires knowledge in the organization. In accordance with [8, pp. 132-133] key
for building the foundation for the growing number
of practices:
 centralized funding applications,
 targeting corporate architecture principles,
 standard project management methodologies,
 business justification investment in architecture,
 the process of obtaining formal approval,
 annual funding for infrastructure protection,
 the formal management of exceptions,
 official processes and the adoption of technology,
 the evaluation of post deployment,
 It is necessary to include also,
 recommendations of the audits,
 service management, in particular the quality
of the services,
 risk management,
 security management,
 corporate governance,
 process management,
 rules for supervision of IT,
 non-functional requirements affecting the standards.
As indicated in [8, p. 147] and authors researches,
regardless of the knowledge gathered in the organization, support the highest leadership decides significantly about building the foundations of an organization based on information technologies.
The key issues for any decision on IT [8, p. 155]:
 the principle of IT (including the role of IT in the
operating model and funding IT),
 corporate architecture (including business processes, standardization of technology),
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 IT infrastructure (including infrastructure services, their pricing, update technology and outsourcing),
 business applications requirements (including
measures of success),
 investments and priorities IT (including changes
to processes, portfolio of projects, standardization
and innovation).
When making decisions, also on the IT services,
most often we meet with two categories: selection
and prediction. In addition to these two main categories of decision-making issues many types of decision-making purposes, such as:

of the pre implementation, which is the beginning
of any decision. A prerequisite for the implementation of changes is the regularity of building solutions, project after project, based on the organization
[13].
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Summary
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treated as well as a research field. The results are presented in two parts. The first part includes: a description of the classical approach to knowledge management and shows the concept of structure
of process of knowledge management with a description of the procedure in each step of the process.
The key idea is to divide the process in three spirals of actions: spiral of perfecting the collection
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“The irony of life lies in the fact that one lives it going
forward and understands it looking back”
Soren Kierkegaard: On the concept of irony with continuous
reference to Socrates

1

Introduction1

The article explains the classical approach
to knowledge management as a starting point for
further consideration. On the basis of this approach
the article presents an original (verified in the practical implementation of a large knowledge management project) concept of the structure of the process
of knowledge management as well as successive
steps of the implementation process. The author regards this to be original and valuable for the development of the theory of knowledge management
of the application of the approach of sustainable

1

The article is a generalization of a project executed for a municipal heating company in a large city that was organizing,
for the first time, systematic corporate knowledge management.
In the framework of this project a dedicated solution
of knowledge management was developed in a network organization with a large range of functionality. The project was the
implemented solution that enabled by knowledge management,
the challenge of ordering experience and potential competences:
R&D center, factories of heat, municipal distribution networks,
service centers, customer billing center, and specialized organizational units of business analytics. The specific aim of the
project was to increase the value of the company in connection
with the privatization prepared. This was treated as a starting
point for consideration of the operationalization of the approach

management [13, pp. 57-62]. The dominant research
method was action-research2.
2

The essence of the classical theory
of knowledge management

The “definitional” issue – what is knowledge – is
complicated and various interpretations based
on both the discipline of management and economics
are possible – either using an institutional or cognitive approach (for a review of approaches see [1, pp.
165-168]). For the purpose of this article, I assume
that knowledge is an intellectual resource, created
with the usage of data, information and experience,
which can be useful to utilize in conjunction with the
2

The action-research method is a democratic process, whose
purpose is to obtain practical knowledge. Its task is to join action
with reflection, theory with practice, by means of acting with
others in the process of searching for solutions to important
problems and to search for the development possibilities
of individuals and entire societies. This is a process in which the
researcher together with practitioners as the recipients of research, that is, with persons from the milieu in which the fundamental questions are asked, systematically look for answers
to existing problems. Experiments are undertaken in relation
to real, concrete problems in societal systems, for example,
in organizations, with the intention of their positive solution
(Reason P., Bradbury H. (red.) - Handbook of Action Research:
Participative Inquiry and Practice, Sage Publications, London
2001).
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goals of an organization or that can be at the service
of the organization and its employees or that can be
foreseen to be generated or obtained. The concept
of knowledge can be analyzed at various levels,
which in turn leads to the concept of the “hierarchy
of knowledge”, which is represented by a five-step
pyramid made up of the foundations of data, information, knowledge, its understanding and of wisdom.
The interpretation of the pyramid is the following:
information is data to which has been given a context
and meaning, and knowledge is information to which
can be given an application and wisdom
is knowledge based on experience [2, p. 22]. In this
approach, knowledge is tied in with its understanding
and acquaintance by man, while knowledge management is the domain of an organization that socializes people involved with it and utilizes information
codified in its surroundings (classical approach according to [5, pp. 80-81]).
While in the classical (psychological) understanding,
socialization is the process of acquiring identity and
values, convictions and approaches as well as the
rules in experiencing the world in order to efficiently
function in society, in the understanding of
knowledge management, it can mean the efficient
functioning in an enterprise [10, p. 442].
Knowledge management is part of the management
of an organization and, itself being a process, encompasses the processes involved with localizing,
obtaining, creating, transferring, utilization and retention of knowledge for goals of the organization
to which belong analysis, planning, operations
and control.
Knowledge management in an institutional aspect is
based upon an analogy of the utilization
of knowledge by a person or group of people.
It is to support the obtaining of such goals of the
organization as: the building of new competences,
the improvement of the effectiveness of organizational action, quick adaptation to changing surroundings and achieving a competitive advantage.
The effectiveness of such management requires that
formal and technical solutions serving knowledge
management were as flexible as possible to the level
in which man operates, obtains and uses knowledge.
[1, pp. 167-168].

Generally, knowledge is divided into open or explicit, and into hidden or tacit. Organizational theory
of utilizing knowledge places emphasis on the role
of tacit knowledge that is specific for given circumstances, and for a given organization. Enabling the
continual transformation from one type of
knowledge into another is the basis for the creation
of resources of new knowledge in an organization [5,
p. 85-86]. This process, designated as the converting
of knowledge, has four main manners (stretched out
in time and moving successively from one to the
next):
 converting tacit knowledge of an individual into
the tacit knowledge of a group (what is known
as socialization),
 converting of tacit knowledge into accessible
knowledge (what is known as externalization),
 converting accessible knowledge into accessible
knowledge for the organization (what is known
as combination,
 converting accessible knowledge into tacit
knowledge (what is known as internalization).
In this manner, the spiral of the processing of information takes place.
In order to picture how the process of knowledge
management takes place in an organization, it is
worthwhile to point out the fundamental model
of knowledge management [6, p. 42], in which six
basic actions, which make up the process of management knowledge, are defined. The model describes two cycles: internal and external. The internal
cycle encompasses: the identification, obtaining,
development, dissemination, storage and usage
of knowledge. The external cycle encompasses
the process of the internal cycle plus the additional
designation of the goals and evaluation of the possessed knowledge [7, pp. 530-543]. Utilizing
knowledge is described as the possibility of employing the knowledge resources in the process of production or provision of services and the key issue
of this field is to inculcate within the member of the
organization the need for making use of knowledge.
The storage of knowledge occurs on three levels:
individual, collective and technical-organizational [3,
pp. 88-93]. On the individual level, one must take
care that unique knowledge (basically expert

Structuring Knowledge Management – Classical Theory, Strategic Initiation and Operational Knowledge . . .

knowledge) remains in the organization. At the collective level – create the picture of the past of the
organization and make distinct use of obtained competencies. At the technical-organizational levels –
ensure access to all collected resources of knowledge
(mainly documents), taking into consideration the
continuity of the process of knowledge management.
The evaluation of the knowledge possessed serves
the purpose of critically looking upon the entirety
of knowledge management and of knowledge resources. To such evaluation are utilized such tools
as: the intellectual capital index, balanced scorecard,
the degrees of freedom of enterprise architecture
management, or process management [9, chapter 2].
3

Strategic initiation of systematic knowledge
management

In general, organizations, from the point of view
of knowledge management, are divided into two
types. The first are those for which knowledge
and information constitute a fundamental resource
and the management and providing of access
to knowledge and basic information is a business
process. Examples of such are research and development institutions, consulting firms, information
search systems and public administration registers.
The second type of organization bases its business
on the processes of producing goods and providing
services and information and knowledge serves
to more effectively realize their basic processes
while knowledge management is an accessory process or sub-process. It has major significance in obtaining a competitive position in the market but is
not a direct source of income.
In strategic knowledge management there are fundamentally only two strategic approaches that stand
out: personalization and codification. The personalization approach is strictly based on the creative role
of the person in the organization. The mechanisms
of this approach serves to strengthen interpersonal
contacts and in this manner make efficient the dissemination of knowledge. Its best illustration is the
model of the relation: teacher – pupil. The codification approach, on the other hand, means the introduction of mechanisms of knowledge registration and
in its extreme technical version – of IT mechanisms.
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It should be emphasized that these strategic approaches do not exclude each other. One should also
be aware that the personalization approach is quicker
and cheaper in its introduction (although that does
not mean easy or easier). For this reasons that is their
natural order of introduction. Between both strategic
approaches (codification and personalization) occur
differences that are visible in:
 the business strategy of an organization (repetitive or individual activity),
 an economic model (large or small scale of business),
 knowledge management mechanisms (persons
to knowledge or persons to persons),
 IT technologies (IT technologies or culture
of communication),
 human resources (standardization of proceeding
or nurturing of creativity), and
 relations with clients (client seen collectively
or individually).
Even such a basic review of differences show that
the management of each organization should consciously utilize the appropriate characteristics
of each of these approaches. The question is:
the appropriate proportions and the initial order
in which the solutions are introduced. Proportions,
to a significant degree, depend upon the specificity
of the given field of knowledge.
In designing a system of knowledge management the
proposed solution framework [8, pp. 136-139]
should:
 show the fields of knowledge and their owners
on the basis of searching for authorities (teachers)
and their professional doubles that accompany
them as their pupils/continuators,
 recommend individual career path type HR
mechanisms that favor knowledge management,
 propose for fields of knowledge, based on evidence and experience, codification techniques
that ensure the making public of registers
of knowledge (documents, descriptions, etc.),
 propose for fields of knowledge that are of an
analytical / application nature a codification technique that serves to more effectively conduct
analysis and the generation of syntheses.
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The gradual replacement of the strategic approach
of personalization with the approach of codification
also creates the possibility of agreeing the superficially contrary models of decentralized and centralized knowledge management.
The basic distinguishing points of the centralized
model are:
 building on explicit knowledge,
 building on the collection of data, information
and knowledge in computer databases,
 preparing mechanisms for the reaching of databases on experiences collected during projects
and one time, unique or experimental actions,
 the playing of a primary role by information
technologies,
 the dominance in an organization of problems
of an operational nature that are relatively easy
to code, store and present in the form of instructions, databases and repositories of knowledge.
On the other hand the basic distinguishing points
of a decentralized model is:
 building of transferable knowledge by direct actions on the basis of continuous monitoring,
 building upon the direct transfer of data, information and knowledge between employees
of the organization,
 focusing on the creation of new knowledge as
solutions for new challenges.
The mutual functioning of both models is possible.
The second model can be in place during the utilization of centralized databases and information systems (and in the future, IT systems), while the first
model can be in place during the operational usage
of knowledge in sophisticated professional activity
(for example, project management or just in design).
Analogically, this difference can be reflected in the
management at the highest and at the lowest levels
of the professional hierarchy.
In a strategic approach and then in a general, systemic, and long-term approach, knowledge management
is conditioned by general informational conditions
in the enterprise or in its surroundings, while within
the enterprise most important is the human factor.
If the situation in the organization can be described
as a clearly dynamic variable as concerns internal

conditions and relatively stable as concerns relations
with its surroundings, this signifies a situation known
as the “strategy of the codification of knowledge”
which is based on the quick transformation of personalized (individualized) knowledge into knowledge codified into the form of documents
and databases and in which emphasis is placed
on the registration of knowledge that hitherto had
been only personalized and which could have been
easily lost during employee rotation. In the longterm, such an arrangement can change, that is there
can occur an increase in the volatility of the surroundings and then the situation will show the need
for the “strategy of knowledge diversification” which
is based on the formalization of knowledge already
existing and the obtaining of new knowledge and its
application though, if, as a result of actions by the
organization there occurs a stabilization of internal
conditions, then, with the occurrence of expected
external turbulence, the situation creates the need
of a “strategy of new knowledge” which is based
on the observing of the appearance of new
knowledge and its acquisition creating the ability
of its absorption and which actually is contained
within the previous strategy.
4

Strategic knowledge management3

Actually, the indication in the theory of management
of multiple knowledge management strategies arouses a logical doubtfulness (can there be many strategies when each of them can in practice be joined
with others?). Thus it should be understood as modules of strategic actions for clearly distinct models
of acquisition and usage of knowledge. As criteria
for making such distinct the following are applied:
 the character of the process – creation or transfer
of knowledge,
 the fundamental source of knowledge – internal
or external,
 the dominating character of knowledge – existing
or new.
On this basis six possible modules can be distinguished:
3

The characterization put forth on this point is based on [3,
pp. 11-36]
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 module of strategic actions in the creation
of knowledge via mutual action,
 module of strategic actions of the creation of internal knowledge,
 module of strategic actions of the absorption
of external knowledge,
 module of strategic actions of the internal dissemination of knowledge,
 module of strategic actions of the protection
of knowledge, and
 module of strategic actions of the provision
of access to knowledge.
The module of strategic actions of the creation
of knowledge by mutual action is based on the
search (purchase) of new knowledge from a competency/knowledge center (for example, a research
institute) including for the purpose of inspiring of the
substantive creation of new knowledge by such
a center. Actions in this area can be, for example,
special market research ordered from a specialized
company or technical or organizational consultancy,
etc.
The module of strategic actions for the creation
of internal knowledge concerns research organizations and knowledge hitherto not existing either
within an organization or in its surroundings and
which is to be created. In these organizations the
process of knowledge management can even constitute a basic business function. Such a case can occur
in, for example, the form of conducting a research
and development institute within an industrial plant
or concern but also within lesser, and creative, forms
of professional activity such as the rationalization
movement or quality clubs.
The module of strategic actions for the absorption
of external knowledge concerns knowledge existing,
but from without the organization that needs it,
and thus it should be acquired. This is a pretty typical manner of operating in knowledge management.
The module of strategic actions of the internal dissemination of knowledge is based on knowledge
already existing within the organization (thanks to,
perhaps, the application of one of the earlier described strategies) and induces the preparation
of mechanisms of dissemination related to the character of the knowledge (explicit, tacit) as well as the
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relation between the degree of codification and the
personalization of knowledge. This is a pretty typical
manner of operating in knowledge management.
The module of strategic actions for the protection
of knowledge as well as the module of strategic actions of the provision of access of knowledge are
their opposites and are not applied together in relation to a given area and range of knowledge. They
have, although, their application in clearly indicated
information and areas of knowledge. In a specific
project, this matter is taken into consideration
in such a way that:
 the uniform fields of knowledge are separated
on their merits and grouped into functional megaareas,
 the policy of information security of the organization is modified in order to ensure the protection
of knowledge in keeping with the principles
of applying the attributes of informational security [11, pp. 21-22], and
 particular fields of knowledge are assigned to the
appropriate modules of strategic actions.
The actual strategy assumed by the organization is
a combination of these modules either in the sense
of the search of syntheses of solutions personified
by them or by the separation of information
and knowledge into fields of knowledge, which are
encompassed by a separate module of strategic actions. In light of this, even the two last modules,
which fundamentally exclude themselves, are simultaneously applied in managing various areas
of knowledge.
5

Operational knowledge management

It focuses on the wider development of knowledge,
because only this guarantees to keep up with development and a competitive market.
Examples of manners of developing knowledge are
presented in Table 1.
In an organization individual modules of strategic
actions coexist either in a sequential arrangement
during the perfecting of the level of knowledge management, or pertaining to various areas of
knowledge.
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Table 1. Manners of developing knowledge
(source: prepared on the basis of [3, pp. 29-33])
Modules of strategic actions
of knowledge management

Manners of realization

Module of strategic actions
in the creation of knowledge
via mutual action

 cooperation with academic and research (laboratories) centers
 commissioning analyses, for example market research
 ordering of consultancy/expert reports

Module of strategic actions
of the creation of internal
knowledge

 own research/development center or laboratory
 internal analytical teams organized ad hoc to solve an identified problem
 rationalization, quality clubs, etc.

Module of strategic actions
of the absorption
of knowledge

 benchmarking research
 courses, training, conferences and education
 active contact with clients
 cooperation with suppliers of specialist or expert knowledge
 purchase of licenses
 directing search in the Internet and in traditional publications
 outsourcing fragments of activity as to become acquainted the competencies
of others
 acquiring employees having particular competencies and potential
 e-learning platforms in cooperation with other organizations
 network of external experts for which footholds are internal professional association clubs
 scientific advisor council in the organization
 economic espionage

Module of strategic actions
of the internal dissemination
of knowledge

 codification of explicit knowledge as well as systems of access to codified
knowledge
 systems managing the content that enable the codification of documents
 milieu for exchange of experiences in the form of conducting videoconferences, discussion forums, electronic bulletins and libraries and internal
newsletters
 professional meeting seminars, discussion groups in the intranet
 training, including e-learning, coaching mechanisms
 lists of persons, experts who possess designated knowledge, places where one
could find answers to particular questions, also presented in the form of
knowledge maps
 movement of internal knowledge volunteers (for example translators)
 recruitment and motivational systems, career paths, etc.

Module of strategic actions
of the provision of access to
knowledge









information security policy
classification of information
exchange of information with interested external persons / entities
sale of knowledge
Internet sites
image creation
publications
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Table 1. Manners of developing knowledge (cont.)
Modules of strategic actions
of knowledge management

Module of strategic actions
of the protection
of knowledge

Manners of realization

 information security policy
 classification of information
 patenting
 clauses in agreements with employees
 propagation of an organizational culture with emphasis on values such as loyalty and awareness
 internal “counterintelligence”
 systems of physical and IT security etc.

A complicated phenomenon takes place made up
of the current realization of assumed principles
of knowledge management and simultaneously
the perfection of this management that is appropriate
to the assumed strategy of its development.
The directions of this development is most often
described as the method of researching gaps, that is,
the discrepancy between that which the organization
should do and that which it actually does and thus
between that which an organization should know
or know how to do and that which it actually knows
or knows how to do. This requires a series of analyses, beginning with the comparison of business
strategies and its resulting vision of essential
knowledge with the actual state of the organization,
its tools and resources (particularly information and
people as the conditions of existing and developing
knowledge).
6

The process of knowledge management

The process of knowledge management should realize the principle of continuous improvement, which
generally is a characteristic of a process-based approach in the management of an organization but
in a particular manner meets the challenge that is
efficient knowledge management. Knowledge increases in keeping with the operation of its elements
and in light of this each course of the process positively (increase in value) changes. This process
should be seen as analogous to the process of quality
management. The particularity of such processes is
based on the fact that persons responsible for the
processes themselves – their “owners” – do not have
to delve into the merits of their results and thus only
monitor their formal and methodological correctness

which constitutes a mechanism which should lead
to generating the appropriate results by those working on the resources (in this case of knowledge divided into areas) of specialists and their apparatus.
In particular areas of knowledge defined in the organization there are appointed managers of knowledge areas who are responsible for the organizational and substantive compliance of the conducting
of a process in a given area including for the quality
of the results of the process and for the planning
and settling of accounts of tasks laid upon
the employees and groups involved in the given area
of knowledge.
The proposed structure of the process of the further
processing of knowledge is based upon three spirals
of actions that are mutually cooperating but running
in separate cycles and which have different functions
and character of proceeding. The organizational
structure created for knowledge management basically only deals with the two first spirals, that is with
the spiral of perfecting the collection of knowledge
and the spiral of the perfecting of the formulation
of knowledge (codification), the third, that is,
the spiral of perfecting the utilization of knowledge is
already in the direct operational sphere (see Table 2),
in which knowledge is used in keeping with
the needs formed by the requirements of a given
business service supplied on behalf of an external
or internal client.
The process of knowledge management should
be closely related with the components of the system
of general management as well as the system
of knowledge management, such as:
 knowledge
and levels,

itself,

its

character,

structure,

260

Janusz Zawiła-Niedźwiecki

 the effective general process of management,
 human relations based on trust,

 measurements of effectiveness / performance
and motivational solutions related to them.

 efficient and user-friendly information technology,

The proposed approach to knowledge management is
illustrated by Fig. 2 and described in Table 2.

 an organizational culture orientated towards
knowledge,
 flexible organizational structure, and

Surroundings
of the organization

COLLECTION
OF KNOWLEDGE

External
sources

data, information
and interpretation

FORMULATION
OF KNOWLEDGE

Codified
knowledge
Problems,
questions

Answers

MAKING USE
OF KNOWLEDGE

External resources

Figure 2. The idea of the process of knowledge management
(source: [12, pp. 729-735])

Methods,
metody,
tools
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Table 2. The structure of the process of knowledge management
(source: [12, pp. 729-735], inspired [1] and [9])
Domain of the management of the enterprise, including the supervision
of knowledge management

Domain of direct
knowledge management
spiral of perfecting
the collection of
knowledge (SPC)

Domain of business processes

spiral of the perfecting of the
formulation of knowledge
(SPF)

Characterization
and initiating events
in the map of the process

spiral of perfecting
the utilization
of knowledge (SPU)

Regarding action in the form of a spiral by means “formulation” is meant not only the original editing/completing
but also cyclical actualization/modification/supplementation

1.
(SPU)
Needs (consciously formulated or
only felt).
With as much preciseness as possible, the following submission is
made:
 What kind of knowledge is
needed?
 Who needs such knowledge?

2.
(SPC)
Identification of needs (researching
needs, analysis of needs, problems,
questions)
Verify:
 What knowledge is needed?
Who needs this knowledge?
3.
(SPC)
Identifying the sources of the realization of needs (internal or external, persons or institutions, systems
or documents)
Establish:
 What knowledge is already
possessed and thus what is the gap
in knowledge?
 Where can this knowledge be
found?
 Who can this knowledge supply
or create?

This stage is initiated:
 by a managerial order as an initiation of a cyclical action and also for the
purpose of undertaking an audit,
 ad hoc need, for example, during the repair of a breakdown and in relation
to a deficiency in the documentation – the need to obtain informal information
from an experienced person,
 systematic conclusions – as a result of observing – of development, exploitation, investment needs, etc.,
 from this stage it is possible to go to stage 2 which will initiate the full cycle
of knowledge management, or to stage 17, if the needed knowledge is already
codified.
This is an event initiating the sub-process “A question was raised about
knowledge” in the process of processing knowledge.
Actions in this stage can be:
 Occur by themselves and result from the tasks of a given position/cell,
which was created just for such tasks,
 Result of the initiation of this stage in the successive course of the spiral
of perfection,
 Answer to the need of submission of an ad hoc need, which in addition
is verified, whether the need is more general,
This is an event initiating the sub-process “A question was raised about
knowledge” in the process of processing knowledge.
Actions at this stage:
 first, one refers to the resources of explicit information already collected,
which is located in the repository (which concept should be interpreted very
broadly),
 when it is lacking, aim at establishing other sources of explicit information.
In practice the border of the previous stage can be blurred but of much importance is in what mode was the actions of the previous stage initiated.
This is an event initiating the sub-process “A question was raised about
knowledge” in the process of processing knowledge or the sub-process
“Preparation of a question supplementing knowledge” in the process of the
processing of knowledge.
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Table 2. The structure of the process of knowledge management (cont.)
4.
(SPC)
Indicating the potential places of
tacit knowledge (internal or external, persons or institutions, systems
or documents).
Establish:
 Who is the holder of such
knowledge?
 To what extent is sit tacit
knowledge?

Actions at this stage can be:
 An element of systematic penetration of potential places of tacit
knowledge;
 answer to specific - having a defined level or urgency – needs, including as
a separate category - ad hoc questions.
This is an event initiating the sub-process “Identified internal knowledge”
or the sub-process “Identified external knowledge” in the process of processing knowledge.

5.
(SPC)
Identification of beneficiaries (recipients or users) of knowledge
(organizational cells or persons or
systems or documentation)

Actions at this stage can have the purpose of designating:
 beneficiaries in the case when the search of knowledge has a systematic
character;
 additional beneficiaries in the case of a need of knowledge submitted in the
ad hoc mode.
This is an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.

6.
(SPC)
Identification of the form of transfer, codification, storage, verification, actualization.
Establish:
 What relations should be created between the source of
knowledge and its beneficiary?

Actions at this stage has for its purpose the consideration:
 whether it is to be a permanent relationship;
 what rights and what responsibilities are its parties to have;
 what are the forms of transfer.
This is an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.

7.
(SPC)
Classification of knowledge (separation of areas, issues, problems
and questions,)

8.
(SPC)
The organization of the obtaining
of knowledge

At this stage monitoring of the types of possessed and obtained knowledge
is conducted. New knowledge is appropriately assigned. General
knowledge is cyclically subject to evaluation whether its classification is
appropriate.
A particular question is the analysis and assignment of knowledge obtained
as answers to questions submitted in ad hoc mode. It cannot fit into hitherto
classification and constitutes a need in this area as well. It is most often this
mode that reveals the most tacit knowledge.
This is an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.
The previous stages did not mean, that transferal of knowledge always occurred in their course. Meanwhile such transfer can mean various types
of formal, organizational and technical actions, for example, the obtaining
of rights, obtaining of technical tools, training of employees, etc.
This stage closes the basic range of the spiral of collection of knowledge
(SPC). In the framework of this spiral it is possible to move from the audit
stage (21) or return to stage 2. From this stage there also occurs the joining
with the spiral of the formulation of knowledge (SPF)
This is an event initiating the sub-process “Identification of the need
to obtain knowledge” or “Preparation of the question to supplement
knowledge” or “A question was raised about knowledge” in the process
of processing knowledge.
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Table 2. The structure of the process of knowledge management (cont.)
9.
(SPF)
Designation of the form of transfer, codification, storage, verification, actualization
10. (SPF)
Selection of the method and tools
of search (methods of analysis or
aggregation, data collections,
systems)

11. (SPF)
Descriptions of areas of
knowledge

12. (SPF)
Descriptions of issues in the
framework of areas

13. (SPF)
Descriptions of problems in the
context of issues

14. (SPF)
Formulating answers to questions
in the framework of problems

Actions at this stage have as their purpose the practical establishment of
relations, rights, responsibilities and form, which were identified in stage 6.
This is an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.
Actions at this stage are conducted when in relations to larger resources
of knowledge it is possible to designate the formalized manners of searching
portions of data.
This is an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.
In this stage:
 the area of knowledge is defined in a manner, which enables potential users
the narrowing of searches of portions of knowledge needed by them,
 appearance of tacit knowledge,
 codification of knowledge on the level of the area.
This stage has a logical connection with the results of stage 7.
This is an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.
In this stage:
 the catalogue of issues that make up a given area of knowledge are defined,
which enables potential users the narrowing of searches of portions of knowledge needed by them,
 appearance of tacit knowledge,
 codification of knowledge on the level of issues in the area.
This stage has a logical connection with the results of stage 7 and is executed
according to possibilities and needs. This is an event initiating the subprocess “Accepted knowledge” in the process of processing knowledge.
In this stage:
 the catalogue of problems that make up a given area of knowledge are defined, which enables potential users the narrowing of searches of portions
of knowledge needed by them,
 appearance of tacit knowledge,
 codification of knowledge on the level of problems in the framework of the
issue.
This stage has a logical connection with the results of stage 7, and is executed according to possibilities and needs.
This is an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.
In this stage:
 answers to questions, which make up a given problem in the context of an
issue of an area of knowledge, are defined, which enables potential users to narrow searches of the portions of knowledge needed by them,
 appearance of tacit knowledge,
 codification of knowledge on the level of answers to questions in the framework of problems.
This stage has a logical connection with the results of stage 7, and is executed according to possibilities and needs. It often occurs directly after stage 11,
particularly in the first period of systematic application of knowledge management. This is an event initiating the sub-process “A question was raised
about knowledge” in the process of processing knowledge.
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Table 2. The structure of the process of knowledge management (cont.)
15. (SPF)
Atypical proceedings (for example, consultations)

This stage is conducted at discretion in the case of problems that are complicated, atypical, not clear or involving various areas of knowledge, including
from external sources.
This is an event initiating the sub-process “A question was raised about
knowledge” in the process of processing knowledge.

16. (SPF)
Archiving knowledge (copying,
archiving non-current versions)

In this stage actions are conducted the purpose of which is to secure the resources of knowledge.
This stage closes the spiral of formulation of knowledge (SPF). In the
framework of this stage occurs a return to stage 9. From this stage there also
occurs a joining to the spiral of the utilization of knowledge.
This is also an event initiating the sub-process “Identification of the need
to nurture knowledge including archiving” in the process of processing
knowledge.

17. (SPU)
Documentation of utilizing
knowledge

In this stage, particularly:
 portions of stable knowledge are directly placed in the resources needed
for individual business operations or positions,
 tips or instructions arise on how to obtain needed portions of variable
knowledge.
This is also an event initiating the sub-process “Supply of knowledge”
in the process of processing knowledge.

18. (SPU)
Training on the usage of
knowledge

In this stage training is conducted, including;
 demonstrating knowledge resource in various approaches,
 teaching the techniques of making use of codified knowledge,
 searching for tacit knowledge.
This stage closes the basic range of the spiral of utilization of knowledge
SPU. In the context of this spiral it is possible to move to the stage of administration (stage 19) or return to stage 1.
This is also an event initiating the sub-process “Distribution via a system
of training” in the process of processing knowledge.

19. (SPU)
Administration of tools of providing access to knowledge

In this stage the conclusions from stages 6 and 9 concerning the techniques
of access to knowledge are realized.
This is also an event initiating the sub-process “Identification of the need
of nurturing knowledge including archiving” in the process of processing
knowledge.

20. (SPU)
Administration of providing access to knowledge

In this stage the conclusions from stages 5, 6 and 9 concerning the right to
knowledge are realized.
This is also an event initiating the sub-process “Accepted knowledge” in the
process of processing knowledge.

21. (SPC)
Audit of the adequacy of the content/form/method/tools

In this stage an evaluation is undertaken and in the case of perceived deficiencies recommendations for improvement are formulated, regarding
knowledge itself and the tools of utilizing it.
This stage is realized only once in a while and in the framework of a clearly
formalized process.
This is also an event initiating the sub-process “Cyclical review of tasks”
in the process of processing knowledge.
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Table 2. The structure of the process of knowledge management (cont.)

22. (SPC)
Audit of the organizational efficiency of knowledge management

In this stage an evaluation is undertaken and in the case of perceived deficiencies recommendations for improvement are formulated, regarding the
process of knowledge management itself, that is, in the organizational aspect
and the study of effectiveness.
This stage is realized only once in a while and in the framework of a clearly
formalized process.
This is also an event initiating the sub-process “Cyclical review of tasks”
in the process of processing knowledge.

The basic tasks of the owner of the process (for example, the proxy of the management board
for knowledge management matters) are:

 submitting proposals to introduce changes in the
process of knowledge management and in acts
of internal law.

 coordinating and administering the realization
of the process of knowledge management in the
organization,

In analyzing actions in the process of knowledge
management one can see that from the domain of the
management of business processes questions are
generated that reflect needs and the addressee becomes the spiral of perfecting knowledge.
As a knowledge need resulting in a question about
knowledge one should understand not only direct
operational needs but also all kinds of the acquiring
of knowledge “just in case”, for the perfecting
of actions, raising of qualifications, becoming acquainted with market possibilities, technical advance, etc. One must have awareness that this
domain is first and foremost a mechanism, which
should effectively lead to the obtaining of knowledge
by its targeted beneficiary. In an organizational
and functional sense the source of essential
knowledge can even be that same organizational cell
that submitted the need for the information. For example, a group that is repairing a breakdown stated
the discrepancy between the factual state of affairs
and the documentation and is looking for a person
who participated in the past in the construction
of this fragment of infrastructure. Information about
this person, as a source of tacit knowledge, will be
supplied in the context of the process of knowledge
management. As a consequence, this information
should lead to the revealing of this knowledge (the
knowledge will find itself in the possession of a larger group of persons) and then its codification
(by supplementing the documentation).

 preparation of annual reports from the realization
of tasks related to knowledge management as
well as the preparation of the plan of realization
of tasks related to knowledge management for the
next year,
 conducting audits of the realization of the process
of knowledge management, submitting needs
for tools or information (IT) systems that are to
serve the realization of the process of knowledge
management,
 planning long-term tasks in the field of knowledge management and presenting them to the
management,
 designating the goals of actions of the managers
of particular areas of knowledge,
 coordinating the relations between individual
areas of knowledge and their managers,
 supervising the analysis of knowledge needs,
manners of obtaining, storing and distributing
knowledge,
 conducting mechanisms to inspire and collect
ideas for the improving of the procurement
of knowledge,
 submitting proposals to separate (make distinct)
new areas of knowledge,
 submitting proposals to appoint managers of areas of knowledge, and
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The proposed structure of the process of the further
processing of knowledge is based upon three spirals
of actions. The organizational structure created
for knowledge management deals with the two spirals: the spiral of perfecting the collection
of knowledge and the spiral of the perfecting of the
formulation of knowledge, the third - the spiral
of perfecting the utilization of knowledge - is used
to implement the business services provided to client. The activities cover the whole of the three spirals. The division into spirals due to the different
organizational nature of the activities. Separation
of each of the spiral is the implementation of the
framework for the systematic improvement, which is
after all the essence of art and the pursuit of wisdom.
This corresponds to today's challenges - business
and society based on knowledge.
8
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Abstract: Part 1 of this article has been published in the article Structuring Knowledge Management –
Classical Theory, Strategic Initiation and Operational Knowledge Management (DOI: 10.1515/fman2015-0041). The previous article presented process cycles of knowledge management. This article proposes a layered model of knowledge management, and then shows how to organize knowledge management, both in terms of organizational structure management, and structuring knowledge resources.
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“The irony of life lies in the fact that one lives it going
forward and understands it looking back”
Soren Kierkegaard: On the concept of irony with continuous
reference to Socrates

1

The organization of knowledge management1

(The framework of the concept introduced follows
organizational roles: coordinator of knowledge management, manager of an area of knowledge, leader
of an area of knowledge.)
The process of knowledge management accompanies
all other processes. It is realized in all organizational
cells. It is intertwined with the substantive activity
of those cells, is part of their activity and conditions
their activity since knowledge constitutes the most
sophisticated part of its information resources. It is
not, thus, sensible to prepare actions that constitute
knowledge management from the activity of individual organizational cells and grant the conducting
1
Part I of this paper is article Structuring Knowledge Management – Classical Theory, Strategic Initiation and Operational
Knowledge Management (DOI: 10.1515/fman-2015-0041).
The article is a generalization of a project executed for a municipal heating company in a large city that was organizing, for the
first time, systematic corporate knowledge management. In the
framework of this project a dedicated solution of knowledge
management was developed in a network organization with
a large range of functionality. The project was implemented
solution that enabled by knowledge management, the challenge
of ordering experience and potential competences: R&D center,
factories of heat, municipal distribution networks, service centers, customer billing center, specialized organizational units
of business analytics. The specific aim of the project was
to increase the value of the company in connection with the
privatization prepared. This was treated as a starting point for
consideration of the operationalization of the approach to building a knowledge management system.

of such knowledge management to a separate organizational structure. However, a mechanism is needed
which will ensure that individual organizational cells
will effectively act on behalf of:
 obtaining knowledge not only for one’s own use,
but for the needs of the rest of the organization,
if that procurement naturally lies in the range
of their abilities,
 searching for tacit knowledge,
 formulating knowledge in keeping with established rules, and
 introducing tools to collect and provide access
to knowledge.
This mechanism must function on a current basis
along with other substantive tasks of each organizational cell, which superficially can remain in conflict
with the operational priorities of these cells. That is
why supervision is needed to fulfil the obligations
of knowledge management as well as an audit of the
effectiveness of this management.
One should aim for the indication of a position as
high up as possible in the hierarchy of the organization of a person that will supervise the entire process
of knowledge management – its owner as a coordinator of knowledge management. The placing of this
position in the organizational structure is of course
possible in different variants – it is worthwhile considering the eventual joining of this role with tasks
such as the coordination of systems of quality man-
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agement. The coordinator of knowledge management
is to concentrate all actions that make up or constitute knowledge management and its particular role is
the designation of the principles and forms of auditing knowledge management in individual cells.
A deep knowledge of the essence of the needs and
mechanisms of acting in knowledge management is
not needed for this. Specialist actions in the process
of coordinating as well as an audit can be performed
by the coordinator of knowledge management
through employees of the organization – specialists
from various areas (appropriately selected for individual areas of expertise and trained in the field
of knowledge management). This is analogous to the
role of internal auditors of the ISO 9001 quality assurance system.
And in particular areas of knowledge, one should
aim at indicating the position responsible for the
administration of the process of knowledge management in a given area. In doing so, one should
rather not aim at creating a special organizational
structure dedicated to the issue of knowledge management. There are two basic reasons for this:
 knowledge management is a process that naturally exists (perhaps only tacit knowledge) in the
conducting of business processes in organizations
thus it is spread throughout the entire organization and concerns all organizational cells,
 the mechanisms of managing such a process are
in keeping with the general principles of a proquality approach, which work in many organizations and is a form of progressing to matrix management, characteristic for a process-based
approach.
In conjunction with this one should rather aim for
a broadening of tasks of selected organizational cells
on knowledge management in areas that are the subject of their specialization. It is necessary to assign
the persons managing these cells to be the managers
of knowledge areas responsible for administering the
process of knowledge management in a given
knowledge area. These roles become part of the task
structure set upon the formal structure. In the extent
of the process of knowledge management a dependency arises in relation to the coordinator
of knowledge management. It might also be necessary to select more persons with broader responsi-

bilities related to actions on behalf of the procurement and formalization of knowledge in selected
organizational cells. These will be the leaders
of individual knowledge areas.
Advanced knowledge management requires information and communication technology (ICT) tools
while a special role needs to be assigned to IT service cells before which are the tasks of procurement,
introduction and exploitation of special IT systems,
specialized databases and the IT management
of their access.
Since there are no reasons to create new organizational cells specially dedicated to conducting
the process of knowledge management, this means
that upon all organizational cells and their managers
should be lain tasks in the area of planning the development of knowledge, revealing tacit knowledge,
codification of explicit knowledge, implementation
of procurement solutions, formulation and provision
of access to knowledge and establishing local (in the
framework of a given organizational cell) principles
of management.
2

The structure of the levels of knowledge
and its management

There exist a number of approaches to knowledge
management (see Table 1, column 2), which have
significantly separate goals and principles [2; 3,
p. 74]. The original proposition described further on
is based on the concept of sustainable management
and joins elements of several approaches on the basis
of perceived levels by means of an analogy to network services in telecommunication (what is known
as Open Systems Interconnection OSI). This is illustrated by Table 1.
Such a construction of an integrated knowledge
management system enables, or relatively disengages
– that is in a coordinated manner, but still in various
orders, in other times and by separate groups of people – the solution of organizational matters or those
related to processes, resources or personnel policy.
The building of an integrated approach with levels
occurs from the organizational level to the level
of the intellect, that is, an agreed upon order of levels
interpreted from the bottom to the top of the table.
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Table 1. Layers and formal approaches to the sustainable management of knowledge
(source: [6, inspired 1 and 5])
Agreed level

Dominant approach

level of the intellect (relations of persons as well as the interpretation of
content)

behavioral approach

level of content (area of knowledge)

resource-based approach

operational level (revealing knowledge and managing it)

process-based approach

organizational level (strategy, structure, audit)

systems approach

At the organizational level the matters of the organizational structure dedicated to knowledge management are defined – both formally separated
(dedicated organizational cells) and for task taking
(work, task, ad hoc, temporary and implementation
groups, etc.) as well as the role (dependency), rights
and responsibilities in the area of goals of knowledge
management designated in this level.
Utilization is made here, first and foremost, of characteristics of a systemic approach, particularly the
definition of the principles of the creating, codifying
and transfer of knowledge, which serve to designate
the goals of knowledge management. (In the research
project this matter was taken into consideration
in such a manner that changes were proposed in the
organizational structure and in the formal documents, which such a structure describe. As a consequence the extent of tasks was proposed for the role
of coordinator of knowledge management (as the
owner of the process of knowledge management)
and for the managers of areas in individual areas
analyzed in the project).
At the operational level the structure and principles
of the realization of the process of knowledge management is described. Utilization here is primarily
made of characteristics of the process approach since
that is the way to introduce the principle of continuous improvement and to grasp the element of the
dynamic of phenomena that is characteristic to modern management. In addition, this approach assumes
that knowledge management is measurable.
The decomposition of this process of management
into three related spirals of perfection – each uniform
in its character of action - serves this purpose.
Their task is to collect knowledge in keeping with
needs, formulating knowledge in a form friendly

to the user and appropriate from the point of view
of the organizational and operational utilization
of knowledge resources already collected. The convention of the spirals of perfection ensures an ongoing compromise of needs and possibilities. (In the
research project this matter was taken into consideration in such a manner, that the process of knowledge
management was designed and the basic procedure
and instructions of the realization of this process was
proposed at an organization-wide level as well as in
regards to individual analyzed areas of knowledge).
At the content level the resources of explicit
knowledge are designated as are something like
clues leading to tacit knowledge. Utilized here are
primarily characteristics of a resource-based approach, which is regarded as the most traditional
approach in the theory of management; its main value is related to the fact that is directly responsible for
tasks designated at the level of strategic marketing.
In a resource-based approach knowledge is regarded
as the most important resource of the firm. It is seen
as constituting key competencies, key capabilities,
ability to resolve problems through teamwork, capacity to procure knowledge from the surroundings,
implement new tools, experiment etc. (In the research project this matter was taken into consideration in such a manner, that the basic character of the
contents of knowledge in each analyzed area as well
as the manner of its provision of access appropriate
for each area were the subject of an evaluation.
In keeping with the results of such an analysis the
principles of procurement, codification and provision
of access of knowledge were indicated in the procedures and instructions for each area).
At the level of the intellect a behavioral approach,
which serves to socialize knowledge, that is, its start-
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up, provoking, stimulation and support of the transfer of knowledge, is primarily applied, since pure
knowledge arises in the minds of people and develops through relations between people. (In the research project this matter was taken into
consideration in such a manner, that an evaluation
was made of the need of making use of such a level
of knowledge management in each of the analyzed
areas. For selected areas an evaluation was made
of the degree of advancement of the usage of intellectual knowledge and of indications concerning the
preparation of this area to implement IT solutions
which enable the intensifying of intellectual actions).

attempts in the direction of its automation (the computerization of knowledge management).

The practical differences in knowledge management
between the various areas of knowledge become
apparent with growing intensification together with
the order of levels, primarily on the level of the intellect, which moreover, in certain areas of knowledge,
does not have to occur. At the organizational level
a mutual task organizational structure of knowledge
management is built in the entire realization along
with the relations in force within it.

The general resources of knowledge subject to management can generally be presented as in Table 2,
while the practical examples of knowledge and resources are shown in Table 3.

At the process level a mechanism of the three spirals
of perfection is built. The level of content in the case
of certain areas of knowledge can be the last level.
This is in regards to areas of professional knowledge
having a very specified form. The level of the intellect takes on significance there where operational
activity is naturally volatile, difficult to standardize,
based upon mechanisms of accumulation of individual experiences/capabilities requiring a difficult syntheses that is also difficult to generally describe and
still more difficult to codify. This is accompanied by
the need of designating a model of the organization
of knowledge management. This is made up of:
 defining the goals of knowledge managementstrategic and operational,
 designating the organizational structure dedicated
to knowledge management,
 assigning resources essential to conduct
knowledge management (personal, financial,
property and informational), and
 designating the principles of action in the classic
cycle of management.
Only after starting up the functioning of such a model (organization, process) is it worthwhile beginning

3

Knowledge resources

(In the frame of concept are introduced follows constructs: construction of knowledge - technology
of the processing of knowledge - organization
of knowledge management)
(In the frame of concept are introduced following
categories: area of knowledge - knowledge resource
- portion of knowledge – problem - question)

Knowledge resources that exist in an organization
have a designated form and are dealt with by designated cells and persons. If the organization hitherto
did not consciously manage knowledge then usually
the knowledge is dispersed, part of the knowledge
is in the dispositions of “accidental” people and there
is a lack of systematic information on the localization of knowledge.
For the purpose of a balanced control of the
knowledge resources as a starting point in the research project an outline of the construction
of knowledge resources was assumed that was based
upon the fundamental model of management
as a realization of strategic goals by manipulating
resources of the organization during the realization
of an organizational PDCA [Plan-Do-Check-Act]
type cycle.
Knowledge and management of knowledge do not
have to have a fully formalized form. In many organizations they function as a certain good operational
practice and are part of the culture of these organizations. Let us remember that the formalization of elements of management is often a function of the size
of the organization.
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Table 2. Model structure of knowledge resources in an organization
(source: [7, p. 97])
Generational approach
(knowledge
about this….)
Organizational
-resource approach
Information concerning
goals (strategy)
Information concerning
financial resources
Information concerning
material resources
Information concerning
personnel resources

Construction of knowledge
(how data resources are
built)

Technology of knowledge
processing
(how data resources are
used at the information
level)

Organization of knowledge
management
(how information resources are steered)

e.g., client register, register
of products/services

e.g., strategic plans

e.g., CRM

e.g., account chart

e.g., financial records

e.g., infrastructure construction documentation

e.g., infrastructure exploitation documentation
e.g., records of competencies

e.g., personnel registry

Information resources

e.g., databases

e.g., data wholesalers

Information concerning
organizational management

e.g., formal and organizational regulations

e.g., describing business
processes

e.g., financial analysis and
controlling
e.g., designing infrastructure
e.g., career path techniques
e.g., system for informing
management
e.g., improving the organization

Table 3. Examples of knowledge resources in an organization
(source: preparation by author)
Area of knowledge

Personal information
Formal and organizational regulations
Organizational improvement

Infrastructure design

Knowledge resource

composition of the company’s employees,
formal competencies
internal legal acts enforcing the company

System for informing
the management

human resources
office of the management board

list of Polish norms
collection of patent descriptions and utility
models

research department

making processes more efficient

development division

technical requirements concerning materials
and purchased equipment
collection of the terms of reference of purchase orders
model contracts and contents of contracts
design and operational guidelines

Building and maintaining infrastructure

Source

technical-motor parameters of technical
systems
resulting aggregated operating parameters
of the heating system
investment costs of pipelines and connectors

research department

materials management department
department of public procurement
legal department
department of capital investment / department of production

many sources

repair costs of pipelines and connectors
Finances (controlling)
Clients
Interested parties

data in a financial-accounting system
information a system of controlling
client records

sales department

decision-makers

company management board

collaborators, suppliers, service providers

purchasing department

employees, unions

personnel department
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Smaller organizations practice this in a limited degree and they are not less efficient for doing so and
their organizational culture cannot be questioned.
The introduction of mechanisms of knowledge management serves a large organization by making its
actions more efficient which is only possible if there
exists a foundation of achievements in this sphere
of organizational culture and its level is high enough
to support changes for improvement [4, pp. 223230].
It is necessary to carefully define the areas, and in
their framework, knowledge resources in order
for the complete record taking of explicit knowledge
to take place before actions occur in the direction
of revealing tacit knowledge. At the same time one
has to be aware that this type of classification should
be open to the change of the scope of a given area or
the addition of new areas.

At this time it is necessary to also clearly designate
what does not constitute a subject of the system
of knowledge management, for example decisionmakers may decide that elements of data that fall
under the regulation of the law on the protection
of personal data can be excluded.
4

Activities in knowledge management

The model presented above, which is based on the
spirals of perfecting the process of knowledge management were, in the research project, subject
to what is known as mapping, which serves to prepare the scope of the procedures and instructions
describing the principles of proceeding in knowledge
management both in the entire organization and in
individual areas of knowledge. Activities in the
knowledge management process shown in Table 4.

Table 4. Types of activities in the process of knowledge management
(source: preparation by author)
Action

Concerns

Additional description

need of knowledge

Procurement

source of knowledge / types
of knowledge

inflows (not necessarily located
in an obvious place, its acceptance is required)
ordered or sought (requires
the use of methods of search
and then acquisition)
produced on request or demand

methods of obtaining / generating
segmentation
classification
standardization
Processing

establishing relationships
actualization
formulating answers to posed questions

Storage

spaces of storing knowledge
forms of storage
principles of access (mainly questions
of quickness and efficiency, particularly
important during complicated operations,)
principles of archiving
principles of securing information

simple forms
complicated forms (e.g., requiring expanding on information
from outside or that is created)
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Table 4. Types of activities in the process of knowledge management, cont.
Action

Concerns

Additional description

promote technology diffusion, including
dedicated dissemination
response to an order

Distribution

principles of distribution
principles of protection and segmentation of access

Administering the process
(performing actions related to the
management of tools and documents)

It should be emphasized that the terminology
of management of this process and the regulations
resulting from it primarily refer to such information,
which constitute an actual transmitter of knowledge.
The process of knowledge management encompasses
four types of substantive activity of processing
knowledge and its administration.
Identification of areas of knowledge
management

Table 5. The principles of characterizing areas of knowledge management
(source: [7, p. 98])

In a systematic
approach

In a functional
approach

In a process-based
approach

In a researchbased approach

In a market-based
approach

In an information
based approach

In total

Fundamental, conditional, accessory

Sales,
production,
back office

Basic,
support,
managing

Financial. Material,
personnel, informational

Production, services,
trade,
research

Data, information,
intelligence

Fundamental, important, significant,
secondary

In the context of
strategy

Name of the knowledge management area, for example, designing infrastructure.
Characterization (characteristics, in bold, assigned to a sample area of knowledge)

Mission,
goals,
audit

5

The area of knowledge should allow itself to be logically made distinct which means that it has a connection either with a designated range of action in the
organization, for example, production, or it has
a connection with the functionality of a designated
organizational cell, for example, with personnel.
In characterizing areas, it is most advantageous
to establish ahead of time a certain collection of categories of characteristics or just characteristics themselves and then to undertake the assignment
of appropriate characteristics to each of the areas,
which is illustrated by Table 5.

Descriptive detailed characterization, including the selection of the above characteristics

274

Janusz Zawiła-Niedźwiecki

Table 6. Structure of the description of knowledge resources
(source: prepared by author)
Internal knowledge

Explicit knowledge
Codified

Processed

External knowledge

Tacit
knowledge

Reports,
analyses

Tacit
knowledge

Explicit knowledge
Codified

Processed

Reports,
analyses

Description of Knowledge area A
Description of Knowledge area B, etc.

This enables the analysis of the importance of particular areas in relations to various ranges of managing
the organization.
6

Description of knowledge resources

The description of knowledge resources classified
preliminarily in Table 2 should be gradually characterized in an increasingly detailed manner. The degree of detail should result from the gradation of the
needs of obtaining particular knowledge resources.
The basic extent of the description is presented
by Table 6.
The mapping of knowledge should hearken to the
process of knowledge management as well as to
basic mechanisms of obtaining and providing access
to knowledge. In such an approach mapping occurs
into aspects:
 Primary mapping which classifies and places
knowledge and arrangements:
- organizational cells / persons / systems –
types of knowledge (map of the source
of knowledge),
- business processes / organizational cells –
the naming of portions of knowledge (map
of knowledge needs).
 Secondary mapping in the framework of a description of business processes in which knowledge is utilized, that is, what is known as the introduction of knowledge resources into the operational functioning of an organization.
Mapping is also referred to, this time more literally,
in the context of systems that search for the sources
of knowledge and the search for named portions
of knowledge.

Primary mapping should be cyclically repeated
and verified by a process of analytical actions based
on the idea represented by Tables 7 and 8. They also
illustrate the differentiation of the level of detail
of such analysis, which should be in accordance with
current tasks set forth before the system
of knowledge management.
Mapping is to provide a full picture of expectations
from the system of knowledge management conventionally answering questions such as these:
 What kind of knowledge is needed?
 Who needs such knowledge?
 What knowledge is already possessed? (and in
light of this what is the gap of knowledge in the
context of the answer to the earlier question),
 Where is this knowledge located ?
 To what degree is this tacit knowledge?
 Who possesses such knowledge? (and in relation
to this what should relationship be between
the source of knowledge and its beneficiary).
The introduction of knowledge resources to the
operational functioning of an organization can be
undertaken in the context of a process-based approach in the managing of this activity. In the
case of production activity and such service activity for which are defined processes one should
undertake this in the following manner.
Each of the processes is described like a series
of operations and the majority of operations based
upon work positions are tasks associated with work
positions is described in the form of a special operation work position card or position work card.
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Table 7. Map of knowledge sources
(source: preparation by author)
Area of
knowledge

Organizational
cell, e.g., production planning
department
Person, e.g., dispatcher
Records system,
e.g., production
orders system
Information system, e.g., planning
and production
accounting system
Other source, e.g.,
production worker

Range of
knowledge

Portion of
knowledge

Problem

Question

production

production
planning

limits material

availability of materials

Is there a cover
material change
to the current
production?

production

current
production
planning

cover material
limits

availability of materials

How to acquire
the missing
material?

production

current
production
planning

cover material
limits

availability of materials,
sources of supply, procurement mode

How to order
an ad hoc missing material?

production

production
planning

cover material
limits

availability of materials,
sources of supply, procurement mode

How to order
an ad hoc missing material?

production

current
production
planning

current balance
of material
requirements

acquisition of missing
material

Is it enough
material?

Table 8. Map of knowledge needs
(source: preparation by author)
Area of
knowledge

Range
of knowledge

Portion
of knowledge

Problem

Process,
e.g., HR

HR

assessment
of competence

certificates
of competence

features formal of certificates

about the credibility of credentials

Operation in the process,
e.g., the assessment
of competence employed
manager

HR

assessment
of competence

completing
certificates

checking
credentials

about a set
of credentials

Organizational cell,
e.g., HR Department

HR

assessment
of competence

completing
certificates

checking
credentials

about a set
of credentials

Work position,
e.g., HR specialist

HR

assessment
of competence

completing
certificates

checking
credentials

about a set
of credentials

Information system,
e.g., HR IT system

HR

assessment
of competence

search certificates

statement
of credentials

Person,
e.g., HR specialist for
executives

HR

assessment
of competence

verification
of certificates

examination
of credentials

Other beneficiary,
e.g., Board Member

HR

assessment
of competence

set certifications

credential
evaluation

Question

credential evaluation by Business
Intelligence
tools
preliminary
assessment
of the hiring
process for the
decision maker
if the certificate
is proof of the
skills?
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Such a description in its most general approach is
made up of the following descriptions:
 entry of the subject of the operation, that is, of the
product or service being created or provided
which is a result of this work position,
 function of the work position of this operation,
that is, the extent of the activity that makes
up this process,
 exit of the subject of operation, that is, the parameters of the product or service being created
or provided which as a result of the operation obtained a designated added value,
 essential resources at the work position to realize
the function of the position in this operation.
One should aim for the goal that in the descriptions
of the operation, the parts designating essential resources, there will be information about knowledge
resources and the manner of their procurement
and application.
In relation to accessory cells for which a detailed
description of processes with their division into work
positions is not practiced, as well as in relations
to research and development, design, repair and other cells where work cannot be standardized, one
should utilize database techniques characterized by
lists, files, registries or guidebooks and, in further
order, IT systems that fulfil that role.
And a reservation should also be made that the system of knowledge management, including that in the
process of mapping, should be made applicable
to the limitations related to company secrets as well
as to the requirements of regulations such as the law
protection of personal data.
7

Measurements of the effectiveness
and efficiency of the process
of knowledge management

The process of knowledge management, as with each
management process, should be observed, audited
and evaluated from the point of view of the effectiveness (realization of goals) and efficiency (costs,
quality of actions). Additional evaluations concern
changes in time since the goal of the organization
should be a continuous trend of improving management processes.

In the case of knowledge management two hindrances appear. Firstly, knowledge itself is not fully measurable since rather the amount of data is measured
and not the value of the information (interpreted as
something subjective on account of the individual
lessening of uncertainty, lack of information and lack
of knowledge of the recipient) which only then is the
basis to build knowledge as a product of the sublimation of information and the conclusions drawn from
it. That is why the quality of the ‘husbandry’
of knowledge is evaluated. Secondly, the general
task of the process of knowledge management is
a codification of knowledge already possessed and
the revealing of tacit knowledge. In particular tacit
knowledge is not known (not yet measured) and thus
at the moment of being revealed the amount and
extent of possessed knowledge changes and at the
same time changes the overall picture of knowledge
resources. This causes the indicators of knowledge
resources as well as the indicators of the evaluation
of the process of knowledge management to be subject to volatile changes and thus cannot be used
for simple comparisons, for example between successive periods of analysis and reporting.
For these reasons it is necessary to be careful in approaching attempts of the very formal building
of a set of evaluations of the system of knowledge
management and one should not refrain from more
intuitive evaluations of the effectiveness and efficiency of the process of knowledge management.
The matter of benefits from the introducing of the
process of knowledge management is similar since
such benefits are very difficult to measure and yet
they are usually, particularly in periodic comparisons
(for example, every few months) easily noticeable.
That is why a good solution is a cyclical repetition
of undertaking questionnaires of the beneficiaries
of the system of knowledge management.
For example it is worthwhile researching the degree
of satisfaction of the users of the systems providing
access to knowledge and to descriptively comment
on the KPI (key performance indicators) indicators
as well as to rectify its indicators in the past so as
to ensure comparability by taking into consideration
changes that occurred between the compared periods. Examples of measurement are shown in Table 9.
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Table 9. Examples of KPI indicators
(source: prepared by the author)
General indicators
Amount of persons
involved in the process
of knowledge management (manager and
leaders of knowledge
areas) in reference to
the amount of distinct
knowledge areas

Indicator of the areas in
which the system of
knowledge management was introduced

The amount of introduced IT systems
that utilize automation in the usage
of knowledge

The amount of systems, and perhaps
the amount of those
that have the right
to utilize them

Indicator (KPI)

Indicator of use categories classification
of knowledge resource

Formula

Percent of used categories of classification in relation to all
the categories
of knowledge management

The average amount
of persons administering the knowledge area

Percent of areas in
which a system
of knowledge management has been introduced in relation to the
amount all the areas

Unit
of measurement

%

amount

%

amount

Frequency
of measurement

annual

annual

annual

annual

Source of data

Information from the
Managers
of knowledge areas

Information from the
Proxy for Knowledge
Management Matters

Information from the
Proxy for Knowledge
Management Matters

Information from
the IT Department

Desired direction
of change of KPI
value

Maximize the amount
of uses

Expected direction of
change should be indicated in the annual plan

Maximize

Expected direction
of change should
be indicated in the
annual plan

Indicators for areas
Area

Technical exploitation parameters

Analytical reports

Employee competencies

Indicator (KPI)

The amount of types
of reports

Proportion in relation
to the possessed reports

Number of person days
of training received by
employees

The amount of reports available to
management

The amount of codified
reports in reference to
the amount of all current reports

The total number
of person days
of training

Unit
of measurement

amount

%

amount

amount

Frequency
of measurement

annual

annual

annual

annual

Source of data

Information/ reports
from the Controlling
Department

Information/ report
from the Department
of Analysis

Information/ report
from the Personnel
Department

Desired direction
of change of KPI
value

Descriptive evaluation referring to the
change in relations
to the previous period

Maximization

Descriptive evaluation
referring to the change
in relations to
the previous period

Information/ report
from the Development Department
Descriptive evaluation referring to the
change in relations
to the previous
period

Formula:

Process improvement
Number of formally
approved changes
to the description
of the processes
The total amount of
changes which were
formerly introduced
into the description
of the processes
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KPI indicators, the general ones and those related
to individual areas of knowledge, will be an effective
tool to evaluate the process of knowledge management if the obligation of preparing data to be drawn
up be formally placed upon on individual organizational cells. The design of indicators have first
and foremost to serve the bringing forth the qualitative and quantitative elements of this process in the
beginning of its functioning.
After its consolidation, and particularly after the
introduction of IT solutions that automate the procurement, storage and provision of access of knowledge in its individual areas one should verify the
need of such form of indicators. It is possible that at
the moment of application of IT techniques there will
appear the possibility of introducing other more detailed but however easier to count indicators such as:
the time of answers for questions posed to the IT
system, the number of inputs to the portal
of knowledge, the volume of data of knowledge resources, the amount of beneficiaries, etc.
8

Summation

In the presented model of knowledge management
the contribution to science are: a four level model
of knowledge management which integrates various
approaches to this management that were hitherto
treated as competitive to each other, as well as three
spiral processes for perfecting knowledge management. This model was equipped with supportive
proposals of actions, having the character of the operationalization of the theory, leading to a pragmatic
system of knowledge management of which an important element is the introduction of the principle
of the gradual perfection of such a system. The tempo of perfection is an individual question of the organization, its needs, possibilities and culture.
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