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MULTINATIONAL, MULTICULTURAL, MULTILINGUAL LUXEMBOURG -
A SYSTEM OF INTEGRATION OR A SYSTEM OF FAILURE?

Ursula Schinzel, United Business Institutes, Luxembourg

ABSTRACT

The purpose of this study is to describe and explain the Luxembourgish trilingual public education system
and, consequently, to determine whether the Luxembourgish trilingual public education system is a
system of success or of failure. 154 questionnaires were collected and 36 interviews conducted among 1)
Luxembourgers with Luxembourgish Nationality (Lux.Nat.), 2) Luxembourg residents including Lux.Nat.
and foreigners who reside in Luxembourg (Lux.All.), and 3) the rest of the world (World). More specifically
cross-cultural management theories by Hofstede et al. (2010), Hofstede (2001) serve as basis for this
multicultural research. The results indicate that most respondents prefer integration not separation of the
population, the system should maintain its instruction in the three official languages of the country:
Luxembourgish, French, German. Some of the interviews are reprinted; discussion, implications, and
recommendations for future research follow.

Keywords: Language and management, Hofstede, education, cross-cultural management, international
business, language, trilingual public education system, Luxembourg

1. INTRODUCTION

The language situation in Luxembourg has been subject to numerous researches, publications,
discussions, debates (Fehlen, 1998a; Maurer-Hetto, 2009; Horner, 2007; Weber, 2008; Weber and
Horner 2010), and reforms (FGIL, 2012; Kurschat, 2014, pp.4-9), involving even the OECD (Carey and
Ernst, 2006). Despite these efforts a solution to the complexity of the situation — integration versus
separation (Fehlen et al., 1998b) — seems a remote, unattainable goal. Plurilingual school education
(Maurer-Hetto, 2008) goes in parallel with conflicts (Elcheroth, 2010, pp.40), and reflects the complexities
and paradoxes of a multicultural national identity shaped by history (Kraemer, 1995, pp.74-75).

2. LITERATURE REVIEW
2.1. Luxembourg

The language situation in Luxembourg’s schools is deeply anchored in the specific place the Grand
Duchy of Luxembourg takes in Europe and in the world. With its small size of only 2,586 km?, 82 km long
and 57 km wide at its longest and widest points it is one of the smallest European countries. Its borders
are with Germany (138 km), France (73 km), and Belgium (148 km) (The World Factbook). The resident
population as of 1 January 2014 (statec, 2014) included 90,764 Portuguese, 37,158 French, 18,773
Italians, 18,159 Belgians, and 12,659 Germans. Cross-border workers make the specific situation (statec,
2013): Luxembourg's total population consisted of 537,000 inhabitants of whom 298,200 (55.53%) were
Luxembourgers and 238,800 (44.47%) were foreigners. Domestic employment was 379,000. During the
daytime, 156,900 cross-border workers came to Luxembourg to work, 39% of the domestic employment:
77,800 from France, 39,500 from Belgium, and 39,600 from Germany (Schinzel, 2013a,b). You have to
genuinely understand the meaning of ‘Mir welle bleiwe, wat mir sin’ ['We want to remain what we are’]
(Berg, 1993).

The national language is Luxembourgish (Letzebuergesch), and administrative languages are French,
German, Luxembourgish (statec, 2013). Citizenship is only awarded to people who speak Luxembourgish
(Spizzo, 1995). The language defines the in-group (Briley et al. 2005) and the out-group. Those who
speak Luxembourgish are part of the in-group and those who do not speak the language are part of the
out-group.

Journal of Strategic and International Studies
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2.2. MANAGEMENT SCHOLARS

Management scholars, such as Hofstede (2001), Hofstede et al. (2010) and House et al. (2004) have
acknowledged that language has indeed an impact on culture. Hofstede (2001) defines culture as the
“collective programming of the mind which distinguishes the members of one human group from another”.
This explains the author’s choice of 3 different groups for the present research: Lux.Nat., Lux.All., World.
This research does not investigate Hofstede’s 6 dimensions of culture, but rather the murky field of
language and management, it tests their theory of culture across languages rather than across national
borders, which is what the above mentioned management scholars do. Hofstede et al.’s (2002) criticism
of his own theory goes, among others: “Nations are not the best units for studying cultures”.

Table 1 (Schinzel, 2012) shows Hofstede’s cultural dimensions of Lux.Nat., and Lux.All., Hofstede’s
estimates on Luxembourg, his data for France, Germany, the UK, Belgium FR, Belgium NL, ltaly, the
Netherlands, China, the USA, and Japan, where the cultural differences become clear.

TABLE 1. CULTURAL COMPARISONS: THE AUTHOR’S LUXEMBOURG, LUX. NAT. IN
COMPARISON WITH HOFSTEDE’S UK - BELGIUM FR - BELGIUM NL - ITALY — THE
NETHERLANDS NL — CHINA -USA - JAPAN (ON A SCALE FROM 1-100, 1 BEING THE LOWEST
AND 100 THE HIGHEST SCORE)

» » c 1

5% 5= | 900 8 |82 |z o .

s2/37/88¢/ 8¢ |22 |x |§ |E | |2 |£|% |8

Sx| 8% | 8g3l 28 oy |2 |5 |5 [= |F |§|D |=s

23 23 | gE- v |83 s |3

- = o o @
PDI 29 36 40 68 35 35 68 61 50 38 | 80 | 40 | 54
UAI 95 97 70 86 65 35 93 97 75 53 | 30 | 46 | 92
IDV 34 51.5 60 71 67 89 71 78 76 80 | 20 | 91 | 46
MAS | 54 47 50 43 66 66 60 43 70 14 | 66 | 62 | 95
LTO | 65 69 64 63 83 51 82 82 61 67 | 87 | 26 | 88
IVR 55 53.5 56 48 40 69 57 57 30 68 | 24 | 68 | 42
MON | 24 10 - 16.5 9.9 354 - - 352119 0 572 4.0

2.3. The Luxembourgish Public School System

The 1984 legislation on language made Luxembourgish the official language together with French and
German. Despite the growing number of foreign children, Luxembourgish is the language of instruction in
pre-school (age 3-6), with the aim to prepare pupils for the alphabetization in German in primary school
(age 6-12). In secondary school (age 12-19), German as language of instruction will be replaced by
French, until French is near mother tongue level (Kurschat, 2014b; Christmann and Sunnen, 2007).
“Moreover, there are few alternatives for parents whose children cannot cope with the state school
system. The small number of private, religious (i.e. Catholic) schools follows the state school curricula
and students take exactly the same examinations, including the Secondary School Leaving Examination”
(Weber and Horner, 2008, p.89). The only alternatives are the Lycee Vauban, the Waldorf School, the
European School and the International School, but they tend to charge high fees and to cater for an
international elite. “As a result, the only other option taken up by 3.6% of the school population is to
attend schools just across the border mostly in Belgium or France (Berg and Weis, 2005, p.58).” Several
reform systems are proposed, among them the idea that in Cycle 2 the alphabetisation should be in a
language known by the pupils: Luxembourgish, French or Portuguese. However he also suggests 2
parallel systems: the French speaking and the German speaking (Weber, 2014a, pp. 10-11). Luxembourg
needs to create an integrative education system and a language policy that prevents the loss in
multilingualism (Fehlen, 2009; Houtsch, 2010). Fehlen, shows, despite its smallness, the complexity of
the country and its society. However, he explains, Luxembourgish is mostly used as a spoken language.
Its use as written language is limited, with the result that German is mostly used as a written language.
Fehlen states that the instruction in French in secondary school is responsible for the high failure rate of

pupils.
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2. 4, Hypotheses

There are more issues to the research subject besides the five main themes 1) integration not separation
of the population, 2) learn the three official languages of the country: Luxembourgish, French, German, 3)
be prepared for the multilingual and multicultural reality in Luxembourg, 4) high failure rate given the fact
that children do not understand the language of instruction especially in mathematics, biology, chemistry,
history, and 5) pupils do not learn English well enough.

The author formulates the following three hypotheses.

Hypothesis 1: Lux. Nat. will highly favor trilingualism. Lux. All. will be less in favor of trilingualism. The rest
of the world will be afraid of trilingualism in education.

Hypothesis 2: Lux.Nat. will be against bilingualism. Lux.All. will be less against bilingualism. The rest of
the world will favor bilingualism.

Hypothesis 3: The other school options will be equally less preferred by all three categories: Lux.Nat.,
Lux.All., World.

Investigating the above formulated three hypotheses is the content of this research. The deployed
methods, instruments, processes are described in the following chapters, providing the respective results
from questionnaires, questionnaire’s open questions and interviews. The objective is to validate the
above formulated hypotheses and to come up with implications and discussions.

3. METHODS AND INSTRUMENTS

The first instrument was a questionnaire developed by the author in English, translated by mother tongue
speakers into German and French and back translated for validity check. A five-point Likert-type scale
was employed to indicate responses that ranged from 1=strongly disagree 2=disagree, 3=neither agree
nor disagree, 4=agree, 5=strongly agree. The first part of the questionnaire investigated the advantages
of the trilingual public education system, the actual system. In a second part, the advantages and
disadvantages of one of the proposed reform systems was investigated. In a third part, the respondents’
personal opinion was questioned, respectively if they prefer the trilingual current public system, a bilingual
system or rather any other education system. The second instrument were the interviews. Semi-
structured interviews were carried out.

4. RESULTS AND DATA ANALYSES - QUESTIONNAIRE’S CLOSED QUESTIONS

The questionnaire provided the following results:

TABLE 2. WHAT ARE THE ADVANTAGES OF THIS TRILINGUAL PUBLIC EDUCATION SYSTEM
(THE CURRENT EDUCATION SYSTEM)?

Total | Lux.Nat. | Lux.All. | World
N=152 | N=62 N=110 | N=42
1.1. | Integration of all children into the multicultural, multilingual, | 4.01 4.02 4.06 3.90
multinational environment in Luxembourg.
1.2. | Children learn 3 languages and have the opportunity to | 4.13 4.31 413 417
studyinlL, G, F.
1.3. | Children are educated following the multicultural | 3.82 3.88 3.85 3.69
education in Luxembourg.
1.4. | Children are prepared for the multilingual reality of | 4.05 3.97 4.04 4.05
Luxembourg, for the future, for work, for life.
1.5. | L+G+F is to be seen as ONE language, not three, we add | 2.75 2.53 2.69 3.02
English, Spanish as foreign language.
1.6 | Often, none of the three languages (L+G+F) is the mother | 3.54 3.54 3.62 3.38
tongue of the children at home, but it is Portuguese, Italian,
..., what allows pupils an alphabetisation in L+G+F.

Journal of Strategic and International Studies
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TABLE 3. WHAT ARE THE DISADVANTAGES OF THIS TRILINGUAL PUBLIC EDUCATION SYSTEM
(THE CURRENT EDUCATION SYSTEM)?

Total | Lux.Nat. | Lux. World
All.
N=152 | N=62 N=110 | N=42
2.1. | Pupils do not understand the language of education and | 3.30 3.42 3.35 3.19
therefore cannot follow the content in e.g. biology,
mathematics, chemistry...
2.2. | Pupils are not performing well in the field of study (e.g. | 3.29 3.53 3.34 3.14
biology, mathematics, chemistry...), because they don’t
understand the language.
2.3. | This causes a high failure rate. 3.17 3.46 3.33
2.5. | Loss of identity in terms of culture. Language is not only a | 2.93 2.81 2.99 7
method of communication but also determines my cultural
identity, my: who am I7?!
2.6. | Pupils do not learn English well enough. English is | 3.05 3.00 3.01 3.29
neglected. L+G+F favoured.

TABLE 4. WHAT WOULD BE THE ADVANTAGES OF THIS BILINGUAL PUBLIC EDUCATION

SYSTEM (THE DISCUSSED PROPOSED BUT CONTESTED REFORM-SYSTEM: IN KINDERGARTEN
THE LANGUAGE OF EDUCATION WOULD REMAIN LUXEMBOURGISH. BUT THEN THE CHILD
WOULD HAVE THE CHOICE BETWEEN A FULL EDUCATION (PRIMARY AND SECONDARY) IN

GERMAN LANGUAGE OF INSTRUCTION, OR IN FRENCH)?

Total | Lux.Nat. | Lux.All. | World
N=152 | N=62 N=110 | N=42
3.1. | Al children still would learn Luxembourgish in | 3.91 3.85 3.87 3.95
Kindergarten.
3.2. | The choice of one language of instruction for primary and | 3.69 3.68 3.65 3.74
secondary education allows that children understand the
content of instruction (e.g. biology, mathematics,
chemistry...).
3.3. | The failure rate would decline. 3.30 3.27 3.36 3.19
3.4. | Children could better concentrate on the content of | 3.66 3.69 3.70 3.55
instruction than on the language of instruction.
3.5. | Better motivation of children who will be more motivated | 3.43 3.44 3.44 3.43
to learn the different subjects thanks to the taught
language.
3.6. | Pupils could concentrate better on learning English. 3.24 3.21 3.20 3.48

TABLE 5. WHAT WOULD BE THE DISADVANTAGES OF THIS BILINGUAL PUBLIC EDUCATION
SYSTEM (THE DISCUSSED PROPOSED BUT CONTESTED REFORM-SYSTEM)?

Total Lux.Na | Lux. Worl
t. All. d
N=152 | N=62 N=110 | N=42
4.1 | This reform system would be a separator of the population | 3.60 3.86 3.67 3.40
— those who speak German — divided from those who speak
French.
4.2 | This separation in 2 different languages would divide the | 3.36 3.60 3.46 3.12
. society into different levels.
4.3 | Children/Pupils would not be prepared for the multilingual | 3.62 3.95 3.75 3.31
reality in Luxembourg, where at least L, G, F are needed in
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everyday situations.

4.4 | There might not be enough teachers in Luxembourg | 2.88 2.88 2.78 3.19
capable of teaching and/or in German and/or in French in
primary and secondary school.

4.5 | There would be an administrative problem, because this | 3.44 3.57 3.46 3.48
division would duplicate all classes, new school rooms would
be needed, new schools would need to be constructed.

4.6 | This language division (in German or French) would re- | 3.58 3.76 3.63 3.50
enforce the cultural division into German or French culture.

4.7 | Other countries (Germany, France,) also experience the | 3.29 3.31 3.22 3.52
same problem with immigrant children not understanding the
language of instruction in class.

TABLE 6. WHAT IS YOUR PERSONAL OPINION. WHICH SYSTEM WOULD YOU PREFER?

| Total | Lux.Nat. | Lux.All. [ World
N=152 | N=62 N=110 N=42

5.1.1 | | prefer the trilingual public education | yes 98 53 77 22
system (the actual system: in Kindergarten | no 54 (84%) (65%) (52%)
Luxembourgish as language of education, in | Total 152 9(16%) | 33 20
primary school German, and in secondary 62 (21%) (48%)
school French)? (100%) | 110 42

(100%) | (100%)

5.1.2 | | prefer the bilingual public education | yes 45 9 (16%) | 27 19
system (the system under discussion, where | no 105 53 (24%) (45%)
children decide which language of education (84%) 82 23
they chose for both primary and secondary (66%) (55%)
school: German or French)?

5.1.3 | | prefer other options: (please complete | yes 56 23 41 15
the three questions below only if you | no 92 (36%) (37%) (34%)
answered this question with yes) 37 67 26

(64%) (63%) (63%)
5.1.3.1 There is the choice to go to | Average | 2.93 2.73 2.95 2.81
European School for an education in your
mother tongue.
5.1.3.2 There is the choice to go to | Average | 2.62 2.49 2.48 3.11
International School, or St. George, for a
full education in English.
5.1.3.3 There is the choice to go to Lycee | Average | 2.67 2.51 2.55 3.13
Frangais for a full education in French.

84% of the “Lux.Nat” prefer the trilingual public education system, with only 16% against it. Regarding the
bilingual reform system, only 16% were for it, whilst 84% were against it. Other schools were considered
negatively by 64%, but positively by 36%.

69% of the “Lux.All.” are for the current trilingual public education system, 21% are against it. The
bilingual system is preferred by 24%, and rejected by 66%. Other schools are preferred by 37% with 63%
against them.

52% of the “Rest of the world” are for the current trilingual public education system, 48% are against it.
The bilingual system would be preferred by 45%, and rejected by 55%. Other schools are preferred by
34% with 63% against them.

5. RESULTS - QUESTIONNAIRE’S OPEN QUESTIONS AND INTERVIEWS

By keeping the three categories, 1) Lux.Nat., 2) Lux.All,, 3) World, the open questions’ responses
provided in-depth insight into serious reflections of directly concerned parents, whose children follow the
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Luxembourgish trilingual education system, or who consider doing so or who hypothesize in case of an

eventual move to Luxembourg.

Among the 36 interview responses the main themes already mentioned and questioned above re-

JSIS Volume IX Number 6

appeared. Other themes were discussed. Here is what participants wrote and said:

Open questions

Interviews

Lux.Nat.
respondent
who is for
the
trilingual
system

“I followed the Luxembourgish school system and
today | am very happy to have done it (as my
origins are Portuguese). | must admit that it was
very hard: German lessons and some matters
(biology / geography) were given in German. | felt
alone as nobody (my parents) could support me
on a day to day basis with my homework. My
child is in the Luxbg school system. | speak
Luxembourgish, Portuguese and French with my
own child...”

“We absolutely have to stick to our
trilingualism. This is our identity,
our culture. It represents a
challenge and at the same time our
wealth. In France, in Alsace, there
is a similar situation: they also
have trilingualism: French,
German, Alsatian, and the
Alsatians also speak well English”

Lux.Nat.
respondent
who is
against the
system

“.... The Luxembourgish education system is not
the best, pupils don’t have enough knowledge,
following the PISA results, especially in sciences,
biology, physiques, chemistry, philosophy. They
only learn these matters by heart without any
generation of own ideas or any creativity.
Motivation in general is low. ... School teachers
lack knowledge themselves and teach frontally
without any inspiration ... What misses at their
language level is the mastering of one language.
Pupils express themselves badly in written and
orally in all languages. ... Pupils’ only wish is to
become school teacher or civil servant because
of the fringe benefits. There is no real motivation,
nor enthusiasm ...”

“The main issue is the division into

‘Lycee Classique’ and ‘Lycee
Technique’  Integration is a
complicated matter. The
integration of the Portuguese

children is lagging behind. The

reality is that the  good
Luxembourgers go to ‘Lycee
Classique’ where they speak

Luxembourgish and German, but
the bad Portuguese and French
attend ‘Lycee Technique’ where
they speak French

Lux.All
respondent
who is for
the
trilingual
system

“... It is an enormous chance for our children to
be given the possibility of learning three
languages. ... Knowing to speak three languages
opens up their mind for other languages, cultures
and knowledge ... Yet, we should teach better our
teachers. Today my son speaks five
languages, despite the initial problems with
German, he had needed extra tutorial lessons ...”

“... We have to keep trilingualism
at all costs. When [ started going to
school, | spoke only lItalian as my
parents only spoke ltalian with me.
| rapidly learned Luxembourgish,
French and German and later
English. But mathematics is a
matter | just don’t understand, in
whatever language ... It’s fantastic,
with my language knowledge, | can
travel everywhere in the world ...
We have to continue to have our
children develop in a multilingual
society ... “ (Respondent : lItalian
living in Luxbg)

Lux.All.
respondent
who is
against the
trilingual
system

“... The requirements are too high. Strong pupils
are able to follow, weaker not. Languages should
be taught differently. French and German should
be taught together from primary school on, and
additionally offer extra tuition classes for weaker
pupils. ... Luxembourger pupils have problems
with French, whereas others with German. ...
European School, International School, St
George ... are no public schools and therefore

“... Time spent with the instruction
of three languages is at the
detriment of the matter of its own.
At the moment children in Albania
or in France study ‘history’ or
‘mathematics’, the real content of
it, because the linguistic problems
are not given. Here the language is
dominant, not the content *
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not for free ...” (Respondent : Albanian living in
Lxbg)
‘World’ “I think a trilingual system best prepares a child | Future research is needed to get
respondent | for the realities of Luxembourg and Europe. | an interview in this category. So far
who is for | However, as a teacher, | would certainly think | none has occurred.
the there would be issues switching from one
trilingual language in primary to a second language in
system secondary. It would be better to study in German
and French all the way through. My husband and
| are both bilingual English and Spanish,
however, we tend to speak mostly in English out
of habit ...” (Respondent from Canada)
‘World’ “I think the current system is too complicated to | “Language is a highly contested
respondent | be followed by a Chinese family, because we | subject in Quebec in general and
who is | were taught English in China, so it is very difficult | particularly in Montreal. | always
against the | fo learn 3 new languages, not only for the child | refused that my children learn
trilingual but also for the parents. | just feel this is too | English at low age, because it is
system complicated” (Respondent from China) important that they master their
mother tongue first” (Respondent
from Quebec, Canada)

7. CONCLUSION, DISCUSSION, IMPLICATION AND FUTURE RESEARCH

This research has brought light to the particular elements of trilingualism in Luxembourg. A huge majority
respondents from Lux.Nat., Lux.All., and the rest of the world provided astonishingly similar answers.
From the questionnaires, the written open questions and the interviews no significant differences in the
results emerge. Only one question regarding preference of the system showed significant differences
between Lux.Nat., Lux.All., and the rest of the world. Hypotheses 1, 2, 3 were validated. Trilingualism is
part of the Luxembourgish constitution, namely Luxembourgish, French and German are the three official
languages of the country. It is the characteristics of the country, it is its culture, its collective programming
of their mind (Hofstede et al., 2010). While Cummins (2000) researches Canada’s language situation -
French-English - and Garcia (2009, 2014) in the USA - Spanish-English — tends to translanguaging,
Blackledge and Creese (2010) situate linguistic practices in their respective social, historical, cultural and
political contexts, Brannen, Piekkari and Tietze (2014) combine language and management and Schinzel
(2013) uses language as identifier.

This research paths the way for more studies in the field of multilingualism and multiculturalism. In a world
of increasing separation, conflict, crisis and war, the integrative, tolerant system of Luxembourg may
serve as an example for peace, integration, tolerance, and harmonious coexistence.

Luxembourg is searching for new visions. Right in the heart of Europe, Luxembourg fights for peace,
integration, tolerance, harmonious coexistence among people from different race, color, and mother
tongue, qualities that are becoming increasingly rare in today’s world. Future research could investigate
into a comparison with Canada, Alsace, Switzerland, China, combining language and management.

In conclusion, even though the language situation in Luxembourg has been subject to many discussions,
debates and reforms, numerous questions concerning future developments remain unanswered: What
will the future of Luxembourg look like? Where does Luxembourg go? Where does the current
developments lead to? Will it be the multilingual integrative direction (Maurer-Hetto, 2008), or will it be the
monolingual, separatist direction? The ongoing continuous changes reflect the mood of modification that
reigns. Luxembourg searches for its visionaries, just like Europe, in memory of Victor Hugo, Winston
Churchill, Alcide de Gasperi, Robert Schumann, Jean Monnet, and Altiero Spinelli (Bumb, 2014, pp.2-3).
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THE PROFESSORIAL ROLE: REFLECTIONS FROM ANCIENT ATHENS TO THE
WORLD WIDE WEB

Jeffrey R. Mueller, National University, Rancho Cordova, California, USA

ABSTRACT

This paper reviews the historical and sociological development of the role of the professor from Before
Christ through the Middle-Aged European ascent to the deep impact of the internet. It addresses the
challenges to the modern tripartite role to include the massification, commodification and
administratization of the profession. It concludes with some recommendations for the modern
professoriate.

Keywords: professorial role, Socratic method, massification, commaodification, administratization

1. INTRODUCTION

Robison (2013) aptly pointed out the tripartite job of the professor as a teacher, a writer and a service
provider; and likened it to a triple-threat actor who sings, dances and acts — three very different
professional activities. The image of Jennifer Lopez springs to mind, Hollywood’s highest paid Latin
actress and pop singer who got her high-profile start as an energetic Fly Girl dancer on the 1990s
American television comedy series In Living Color. Lopez is also a successful author, fashion designer
and producer. These additional roles might equate to an academic department chair or program director
on a lesser scale. The analogy continues when one considers the term edutainment — the combination of
education and entertainment. Moreover, Robison continued, the professoriate may look like a cushy job
to outside observers but it has never been an easy career and it is not getting any easier. Fairweather
(2002) reported only 22% of the professors in this study performed all three roles well while Astin, Astin
and Lindholm (2011) added a list of increased pressures affecting the modern professoriate to include (in
no certain order): more online courses and the considerable learning curve of this technology; budget
cuts affecting pay, benefits, programming, equipment and staffing; loss of perceived job security through
decline/elimination of tenure and full-time positions; increased expectations from accrediting
agencies;Increased pressures for faculty scholarship funding/grant money; demanding students;
competition from MOOCs (free online courses) with questionable quality and rigor. To this | would add
increased class size and increased administrative workload.

2. ORIGINS OF THE PROFESSION

The passing of knowledge from designated teachers to adults in a place of gathering has been
documented by historians as early as 400 BC. Perhaps the most famous higher educational lineage
began in Greece with Socrates (Figure 1). The Socratic Method, a prolonged series of leading questions
and answers which develops critical thinking, self-examination and challenges assumptions, is still used
widely in modern day law, medical and some business; letters and science; and military schools (Tucker,
2007). Ben Franklin, Abraham Lincoln and Winston Churchill, too, were proponents of the method
throughout their political careers.

FIGURE 1. THE WESTERN ORIGINS OF ACADEMIA (ADAPTED FROM GRUN, 1982)

Socrates>Plato’s Academy>Aristotle’s Lycium>Alexander the Great>Ptolemy (founded Alexandria Center
of Greek Learning and the Library of Alexandria)>Arcesilaus (founded Second Academy of Athens)

Haskins (1923) reported that the ancient Greeks and Romans “had no universities” although Delbanco
(2012) pointed out, “in Augustan Rome, gatherings of students under instruction by settled teachers took
on some of the attributes we associate with modern colleges”. Hence, the word academy, borrowed from
Latin academia, “the name of a park and a school near Athens where Plato taught” (Chambers, 1988).
Plato’s pupil, Aristotle, taught Alexander, who, after conquering most of the Western world, inspired
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Ptolemy to create the Alexandria Center of Greek Learning which had a library and a museum. Ironically
one of Plato’s lessons, “politics should not be about power”, was countermanded by his pupil, Alexander;
and the pursuit of power continues to poison the mind of contemporary authorities around the world.
Nevertheless, the ancient curriculum consisted of instruction in Roman law, rhetoric, music and
philosophy. Sadly, the world’s first library at Alexandria was destroyed by fire in 47 BC but managed to
resurface as perhaps the original book publisher for hundreds of years until destroyed by Arabs in 641.
The history of higher education is somewhat obscure until the eleventh century. Certainly monasteries
and other worldwide religious institutions promoted their faiths and philosophies through central
gatherings but these can hardly be considered advances in knowledge (with the possible exception of
wine and beer production); translations notwithstanding.

Hilal (2012), a contributor to Wikipedia, reported that the ancient University of Timbuktu (circa 1100) in
Mali, West Africa, had 25,000 students from all over Africa who studied religion, mathematics, geography,
science, medicine and history. Wikipedia claims this as “the world’s first university”. There were four
levels within the University curriculum that included the Circle of Knowledge, the Superior Degree, the
Secondary Degree and the Primary Degree. Meanwhile McClusky and Winter (2012) noted that China,
too, possessed “great bodies of learning” at Shang Xiang school founded in the Yu Shun Era. However,
this writing will focus on the Western development of the idea of the university and its professors.

Other mediaeval universities began in Italy and France. Bologna and Paris are credited with expanding
and popularizing the institution in the twelfth century but the first recorded one was the University of
Salerno in Southeast Italy which existed “as early as the middle of the eleventh century”. Salerno,
however, was only a school of medicine. Bologna was a many-sided institution to include the revival of
Roman law which previewed the renaissance of the twelfth century. Bologna was founded by a student
guild whereas Paris was run by a faculty guild, the predecessor to modern day faculty governance
(Rashdall, 2010). Faculty governance continues to be a hallmark of institutions of learning (McClusky and
Winter, 2012).

Early European universities, with the notable exception of the Alexandria Center of Greek Learning (307
BC), were somewhat mobile: they had no libraries, laboratories, museums, endowments, boards of
trustees, catalogs, athletics, or buildings of their own. Early universities rented private halls or churches to
meet. They were congregations of students who paid their teachers (“masters”) a fee to learn from them
and receive a certificate. The professors formed guilds which required for admission certain qualifications
ascertained by examination, “so that no student could enter [except with] the guild’s consent”. This
certificate, a license to teach, became [one of] the earliest form[s] of academic degree. It is interesting to
note that modern-day master’'s degree recipients (teachers of the bachelors) still use their master’s
degree to compete for teaching positions at the community college level.

The University of Paris, established a school of theology in 1200, spawned sixty-eight colleges throughout
Paris during the three hundred years later. Eighty-some additional universities spread to different parts of
Europe including Cambridge and Oxford by the end of the Middle Ages. Mediaeval professors taught one
or more of seven liberal arts: grammar, rhetoric, logic, arithmetic, geometry, astronomy or music in a large
hall — the center of college life - where dining, theatre and music also took place. Professors, then known
as Masters, were permitted to marry and live with their family in an attached house. Perhaps this is why
the undergraduate degree is still called “bachelors”: students of this age were not expected to be married.
In any case, Delbanco continued, “It was important for undergraduates to witness social and intellectual
exchange among their superiors in the hope that they would aspire someday to be worthy of sitting
among them”.

American universities have their roots in the European university system (McCluskey and Winter, 2012),
especially Germany where “the German model was a comprehensive research university ...influenced
American universities even now”. Hence the word chancellor, first recorded as the head of a university
around 1300. The word professor, too, is borrowed from Old French professeur, and directly from Latin
professor: a person who professes to be expert is some art or science, a teacher of the highest rank
(Chambers). American colonial colleges were patterned after Oxford and Cambridge but had some
important differences. First, the university became a configuration of colleges “each with its own heritage,
tradition, funding and emphasis” (Thelin, 2011). Next, enrollments at Harvard, Yale, the College of New
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Jersey and the College of William and Mary remained intentionally small — under a hundred students a
year — until major growth occurred in the 1800s. A landmark event occurred in 1900 when the presidents
of fourteen universities met to form the Association of American Universities (AAU). The charter members
included: Harvard, Hopkins, Columbia, Chicago, California, Clark, Cornell, Catholic, Michigan, Stanford,
Wisconsin, Pennsylvania, Princeton and Yale. Large-scale philanthropy ensued and a revival of gothic
architecture and elaborate university planning occurred. Many wealthy donors were not even alumni or
college graduates but believed in the national importance of higher education.

3. ENTER THE INTERNET

Regarding the constrained resources period (1990 — present) of the American research university, Taft,
Perkowski and Martin (2011) pointed out the obvious “explosion” of online courses/programs and that
universities are pressured to increase class enrollments due to revenue challenges from domestic and
global economic forces. Tomei (2006) predated and perhaps preempted the aforementioned 2011 study
and concluded that online teaching demanded a minimum of 14% more time than traditional instruction,
most of which was spent preparing instructional content. The weekly impact on teaching load also varied
considerably between the two formats...asynchronous communication continues to represent the greatest
use of technology in terms of quantity of student-teacher interaction...traditional students required 136.5
hours of faculty interaction while the online format demanded 155.83 hours...therefore, the calculation of
ideal class size for the traditional classroom (in 170 available semester hours) was 17...[and] for online
was 12...online teaching should not be expected to generate larger revenues by means of larger class
sizes at the expense of effective instructional or faculty over-subscription...

At the author’s university there is continuing pressure to increase class size despite the research on this
but class sizes in the twenties do not seem unreasonable or unmanageable. The author also notes that
the challenges outlined above by Tomei are multiplied and further compounded in the accelerated,
compressed teaching format featured at his own university, especially in consideration of an
administrative workload approaching or perhaps exceeding 40% of the total workload.

Continentally, Noble (2001) reported that “in the course of 1997 events at two large North American
universities [UCLA and NYU] signaled dramatically that we were entering a new [automated] era in higher
education”; and codified it “the commodification of higher education”. He continued, once faculty and
courses went online, administrators gained much greater direct control over faculty performance and
course content than ever before.

McCluskey and Winter (2012) also corroborated that the online course can be considered the biggest
revolution in the history of the university. Assessment in digital courses can be done more rigorously
because there is more data. Course-to-course comparison has become a distinct capability of the internet
and has redefined the role of the traditional professor from that of “individual craftsman” to “digital
collaborator who is a partner in a learning enterprise”. Coleman and Bandyopadhyay (2011) concurred
and cited research from Wang (2009) “collaboration becomes the essential competency in the current
knowledge society”.

4. AN UPDATE ON THE TRIPARTITE ROLE OF THE PROFESSOR

In 1968 the American Association of University Professors (AAUP) statement on faculty workload
suggested 40% teaching, 40% research and 20% service. Maneing updated this in 1991 and stated
“‘many professional associations [now] recommended 80% teaching, 5% research and 15% service”. At
my own university, percentages are closer to 50% teaching, 10% research and 40% service. While
percentages will vary between institutions and positions (and rank within institutions) the point is
professors do a lot more than teach.

McClusky and Winter (2012) aptly pointed out the role of the professor shifted from
philosopher/questioner in Ancient Greece and Rome to expert lecturer during the Middle Ages. Yet it is
interesting to note that the terminal degree for most disciplines is still called a Doctor of Philosophy (in x);
and many doctoral curricula require a beginning course in epistemology, the subset of philosophy that
attempts to answer “how do you know what you know’? | was completely convinced after | took this
course in my own doctoral program that | didn’t know anything about anything: a humbling experience
indeed. In another example, Dr. Albert Einstein, the renowned 20" Century physicist, also contributed
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meaningful works on the history and philosophy of science. Professor Einstein, as told by Isaacson
(2007) enjoyed going for walks after class with his students and “talking shop” to include scientific
philosophy at Cafe Terasse in Zurich in the early 1900s.

The shift from philosopher/questioner to teaching expert (while maintaining some roots in philosophy)
continues to typify the modern professor. However, the emphasis on expertise/ knowledge creation i.e.,
research is perhaps best summarized by Macfarlane (2012) who said, “Despite institutional rhetoric
claiming an equal valuing of teaching, service or knowledge transfer activities, in practice the research
profile of the individual is the dominant criterion rather than other aspects of their work”. This is certainly
the case at my university. Publish or perish is alive and well so it seems.

Professors normally work in isolation from other professors: writing and teaching are mostly solitary
activities. Delbanco (2012) acknowledged college teaching as a delicate and difficult art requiring both
confidence and tact, putting students under pressure and clarifying complex ideas. The lecture can be
likened to performance art [hello Jennifer Lopez] hopefully characterized with distinction vs. boredom. Yet
the physical, emotional and cognitive act of teaching in front of students (or online) is only one aspect of
the teaching role.

Ironically, professors are not trained to teach (with the possible exception of professors of education) but
they are taught to research. The entry ticket to university teaching is of course, the doctorate (from the
Latin docere, meaning “to teach”). The original medieval doctors were tested for ecclesiastical knowledge
at the University of Paris in 1213 and granted the license to teach by the pope. As of 2014 there are 26
different kinds of doctoral degrees in the United States, mostly in health-related fields but also in arts,
music, government and management. There are numerous international variations.

As for the service role of the professor, Buller (2010) identified this as the “maligned stepchild of the
academic triad” and continued explaining “teaching is the service we provide our students [while]
scholarship is the service we provide our discipline or to society at large”. Einstein added, after
considerable thought (in his later years when asked the purpose of human life) “our purpose is to serve
others... what other purpose could there be?”

Yet service that is not teaching or scholarship only accounts for approximately 10% of the professor’s role
at most academic institutions (arguably much higher at many institutions such as mine). Service can be to
the program one teaches in (such as course updates or program reviews); to the discipline (such as
referee or editor to papers or academic conferences); to the department (such as hiring new faculty); to
the School (such as grade appeals committee); to the university (such as academic senate); to the
community (such as workshops or public information); or to any combination of the samples above.
Service can also include leadership opportunities such as a committee chair, department chair or
membership on boards. Moreover, the increasing number and scope of administrative tasks such as
ordering textbooks, staffing adjuncts and the endless curricula reporting requirements used to be the
responsibility of administrative or teaching assistants but now relegated to the professor. | call this
“administratization” of the role of the professor. This less important work significantly detracts from the
professor’s intellectual contributions to teaching and scholarship.

Additional service to students can also take the form of academic advising (curriculum advice based on
the student’s long-term interests) or perhaps thesis selection as another example. Mentoring is another
form of service, independent of advising or teaching, and it can be accomplished with students or with
junior faculty. Buller (2010) described mentoring as “helping to shape the future, one life at a time” by
being a good role model, providing objective guidance, support and career advice. He also recommended
defining the goals of the relationship at the start, encouraged risk-taking and helping the protege become
successful on their own terms not necessarily the mentor’s standards.

McCluskey and Winter added, “in searching for the heart and soul of a university, it cannot be found
anywhere but in a strong faculty voice and shared governance” and “there should be a Chinese Wall
between the administrative functions...and its academic life”. Moreover, “what is needed now is a
synthesis that respects the traditional role that faculty play in academic leadership while at the same time
modernizing the university for the digital age”. Bravo. Hopefully the “Chinese Wall” will prevent
administrators from further administratizing the role of professor which is the case at my university. Yet
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Buller (2010) aptly pointed out that “service on committees is one of the most important ways in which
college professors participate in shared governance...”.

5. RECOMMENDATIONS FOR THE FUTURE OF THE PROFESSORIATE

Thankfully, the time-honored tradition of shared governance continues to be an item of evaluation by
many regional and discipline-specific accreditation bodies. The business equivalent of shared governance
has gained wide support in the management literature (less so in practice) and is frequently termed
empowerment or participative decision-making. The concept of shared governance in academia,
however, is subject to wide interpretation by administration and faculty. For example, should professorial
representatives (i.e., academic senators, task forces or union officials) be consulted in hiring and
promotion decisions and, if so, to what degree of involvement or approval? Most universities have faculty
policies that dictate faculty involvement in such decisions. Given the unusually high intelligence level of
the professoriate as compared to other institutions it makes sense to ask professors for their
recommendations on decisions which affect them. After all, we are the educational elite of society; and
quite capable of expressing ourselves. In the absence of these shared governance bodies the
professoriate may be in danger of eroding the time-honored practices of academic freedom, academic
integrity and perhaps the entire institution of higher education. Nevertheless | remain cautiously
optimistic!
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MULTI-CRITERIA ANALYSIS OF DISTRICT HEAT GENERATION TECHNOLOGIES
IN LITHUANIA

Dalia Streimikiene, Vilnius University and Lithuanian Energy Institute, Kaunas, Lithuania
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ABSTRACT

District heat sector is one of the most important energy sectors in Lithuania. Based on energy policy
priorities in Lithuania comparative assessment of heat generation technologies was performed. There are
several main criteria useful for assessment of energy technologies in district heating selected form energy
policy priorities analysis. The aim of the paper is to assess biomass technologies in district heating. The
main tasks of the paper are: to analyse priorities of Lithuanian energy policy and based on these priorities
to analyse, compare and rank the heat generation technologies in Lithuanian district heat sector.

Keywords: District heat, heat generation technologies, multi-criteria analysis, comparative assessment.
JEL classification: Q02, Q28, Q29, Q20.

1. INTRODUCTION

In 2011 EU has prepared the Roadmap for moving to a competitive low-carbon economy in 2050. With
it's this plan the European Commission is looking beyond these 2020 objectives and setting out a plan to
meet the long-term target of reducing domestic emissions by 80 to 95% by mid-century. The plan
indicates how the sectors responsible for Europe's emissions - power generation, industry, transport,
buildings and construction, as well as agriculture - can make the transition to a low-carbon economy over
the coming decades (Streimikiene, Balezentiene, 2012).

EU authorities promoted the use of Renewable Energy Sources for heating and cooling uses (RES H&C)
in order to reduce primary energy dependency and the stress of demand on primary energy resources.
From an energy policy perspective, the substitution of natural gas by RES for these uses would contribute
to a reduction in primary energy dependency and reduce stress on natural gas energy resources, thereby
leading to a higher level of GHG abatement as required by EU energy strategy. However, although there
is a wide range of technologies based on RES H&C, they cover only 2-3% of global energy demand for
H&C (excluding traditional biomass). In fact, if biomass is included and we refer only to EU-27 MSs, the
RES H&C consumption represented 11.9% of final heat use in 2008 (Cansino, Pablo-Romero, Yniguez,
2011 (Cansino, Pablo-Romero, Yniguez, 2011).

The main aim of the paper is to assess biomass technologies in district heating. The main tasks of the
paper are: to analyse the main criteria of sustainable district heating and to analyse, compare and rank
the biomass technologies for heat generation in Lithuania according the main criteria of sustainable
energy development.

2. CRITERIA FOR RANKING OF ENERGY TECHNOLOGIES IN DISTRICT HEAT

The EU Commission has issued several strategic documents concerning the future of energy, such as
Energy 2020 - A strategy for competitive, sustainable and secure energy issued at the end of 2010 and
the Energy Infrastructure Package. The European Union energy policy is facing huge challenges and
changes. The operational environment of energy policy is facing challenges concerning the constantly
growing demand for energy, its availability, and the threat scenarios brought about by climate change.
Energy policy choices are highly significant in the effort towards a balance of economic, social and
environmental factors necessary for sustainable development. For ranking of energy technologies in
district heat the sustainable energy development criteria were selected based on priorities of sustainable
energy policy: security of energy supply and competitiveness in terms of lower energy prices, energy
efficiency improvement, increase the share of renewables in energy consumption, reduce of GHG
emission (Roos et al, 2012).

[9
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In order to assess energy technologies in district heat the following sustainable energy development
criteria were selected based on the analysis of priorities of Lithuanian energy policy: security of supply,
heat generation costs, primary energy factor, renewable energy fraction and carbon dioxide emission
factor.

Security of energy supply will be assessed by applying scores from 1 to 3 where 3 — the highest security
of energy supply; 1- the lowest security of energy supply.

The competitiveness will be assessed by comparing heat generation costs. These costs for energy
technologies in district heat will be assessed by applying the following formula (Dzenajaviciene, 2012):

SS =KAPS +KS + KES + PES; (1)

Here: SS - heat generation costs, Lt/MWh, KAPS - capital costs, Lt/MWh, KS - fuel costs, Lt/MWh, KES-
variable operation and maintenance costs, Lt/MWh, PES - fixed operation and maintenance costs,
LtMWh..

Primary energy factor PER (primary energy factor for supplied heat) is assessed based on the following
formula (Dzenajaviciene, 2012):

n

E ) P ERnon - (EelCHP(_ij) - Eel) *P EREU
N iz K (2)
PER(i) =

i
j=1

here, PER(i) -primary energy fact or for heat delivered to the building from a DH grid and/or individual
heating system within a considered period (one year); MWh/MWhdh; PER,., - non-renewable primary
energy factor for the fuel i, Ex; -net energy content of fuel i delivered to the gate where it is finally
converted to heat (using lower heating value); PERg; - primary energy factor for electricity is set to 2.6 as
average for EU fuel mix; E¢cuhpgiy - net produced electricity in co-generation plants measured at the output
of the plant. Only applicable for electricity produced in CHP mode; Eel - all use of electricity for operating
the heating network; and Qy - delivered heat to the building; building, j, at system boundary. For DH this
is the same as measured heat at building system boundary which is the primary side of the substation.

[BNZE

Carbon dioxide emission factor CO, define the fuel supply chain CO2 emissions, when one energy unit,
lower heating value, of a fuel is extracted, refined, stored and transported and finally converted to useful
heat, kg C0./MWhg, Carbon dioxide emission factor for energy technologies in district heat is assessed
according to the formula (Dzenajaviciene, 2012):

n

n (E X CO ) ;(EE/CHP(I') * COZ([) )
2 k(i) 2(1)) -
co, =" e 3)

2 n

CO0, CO, emission factor for delivered heat provided to the building, kg COx/MWh; C0,;. CO, emission
factor for fuel i, kg CO./MWh; Ek;) - net energy content of fuel i delivered to the gate where it is finally
converted to heat (using lower heating value); E. cre) - net produced electricity in co-generation plant from
fuel i (produced electricity minus auxiliary electricity use). If more than one fuel is used in CHP mode the
electricity produced from fuel i can be approximated the energy input fraction from fuel i to the CHP, ner-
default electrical efficiency condensing for a conventional thermal power plant set to 40 %; E,, - all use of

~ . . . [2
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electrical energy for operating the heating network; and Qy - delivered heat to the building, j, at system
boundary. In case of DHS heat delivered to building sub-station.

Criterion of renewable energy fraction AEId is introduced to specifically support the use of renewable and
surplus energy in district heating systems. The criterion presents the content of the fuels delivered to the
gate where they are finally converted.

Renewable and recycled energy fraction AEId is calculated according to formula (Dzenajaviciene, 2012):

Ey., *AEld

AEId =100* =
E, ()

here AEId - share of renewable and recycled energy of the district heating system, %; AEldk;) -
renewable and recycled energy factor for fuel i, between 0 and 1; Ekg - energy content of fuel i allocated
to DH (lower heating value); and Ex - energy content of all fuels allocated to DH (lower heating value).

In the following chapter energy technologies in district heating will be assessed based on the defined
criteria by applying data collected from Lithuanian district heat companies.

2. MULTI-CRITERIA ASSESSMENT OF BIOMASS TECHNOLOGIES FOR HEAT GENERATION

Multi-criteria decision making (MCDM) methodology is a suitable tool for sustainable energy development
(Stein, 2013). The Multi-criteria method Topsis was introduced by Brauers and Zavadskas (2006) and
employed in various areas of research (Brauers et al., 2011, 2012a, 2012b; Brauers, 2013; Hwang, Yoon,
1981; Behzadian et al., 2012), was employed for the analysis.

The algorithm of TOPSIS method is presented according to Hwang and Yoon (1981) and Behzadian et al.
(2012). The TOPSIS method will use the same weighted normalized values from Eq. 5, thus let Error!
Objects cannot be created from editing field codes..

Firstly, positive-ideal and negative-ideal solutions, denoted respectively as Error! Objects cannot be
created from editing field codes. and Error! Objects cannot be created from editing field codes.,
are identified in the following way:

Error! Objects cannot be created from editing field codes., (5)
Error! Objects cannot be created from editing field codes., (6)

where Error! Objects cannot be created from editing field codes. and Error! Objects cannot be
created from editing field codes. are the sets of benefit and cost criteria, respectively.

The n-dimensional Euclidean distance then measures the distances of each alternative from the
positive-ideal solution and the negative-ideal solution:

Error! Objects cannot be created from editing field codes., for Error! Objects cannot be created
from editing field codes., (7)

Error! Objects cannot be created from editing field codes. Error! Objects cannot be created from
editing field codes., for Error! Objects cannot be created from editing field codes.,
(8)

with Error! Objects cannot be created from editing field codes. and Error! Objects cannot be
created from editing field codes. being obtained from Eqgs. 7 and 8, respectively. Finally, the relative
similarity to the positive-ideal solution is calculated (proximity to positive and remoteness to negative
values):

Error! Objects cannot be created from editing field codes., (9)

[2X9
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where Error! Objects cannot be created from editing field codes. with Error! Objects cannot be
created from editing field codes.. The closeness coefficient approaches its lower bound, i. e. zero, if a
certain alternative gets more similar to the negative ideal solution (alternative), and increases if the former
alternative becomes remoter to the negative ideal solutions. The best alternative can therefore be found
according to the preference order of Error! Objects cannot be created from editing field codes..

3. RESULTS OF COMPARATIVE ASSESSMENT OF HEAT GENERATION TECHNOLOGIES

Comparative assessment of six heat generation technologies can be performed by employing the
following criteria relevant for sustainable energy development: primary energy factor, non-renewable
energy factor, carbon dioxide emission factor and renewable energy fraction. The data for energy
technologies assessment in district heat sector was collected from Lithuanian district heat companies
(Dzenajaviciene, 2012). Thus, the autonomous heating technologies were compared by applying a set of
the quantitative criteria and qualitative criteria (Table 1):

TABLE 1. THE INITIAL DECISION MATRIX.

Newly Newly . .
Standard Productio |Productio .. [Income
primary prepared Standar |prepare n costs at |n costs at Rene- |Securit from
primary d CO, d fuel wable y of
energy o thermal thermal heat
energy | emissio CO, ) ) energy |supply,
factor, factor n factor, |emissio capacity | capacity fraction [scores sales,
MWh/MW ' ’ of 10 MW, |of 50 MW, o * | LYMW
h chs MWh/MW |kg/MWh |n factor, LMWh LyMWh , % 1-3 h
h chs g/MWh
C1 C2 C3 C4 C5 C6 Cc7 C8 C9
Desirable ) ) ) ) ) ) + + )
trend
1. Natural
gas boiler 1.6 1.25 325 220 170 160 0 1 175
house
2. Oil
shale 16 1.25 359 350 160 150 0 2 165
boiler
house
3. Biofuel
boiler 1.25 1.39 1 10 99 99 100 3 125
house
4. Natural
gas CHP
with
. 0.98 0.5 150 125 190 175 0 1 120
internal
combustio
n engine
5. Natural
gas CHP | og 0.5 150 | 125 190 160 0 1 125
with gas
turbine
6. Biofuel
CHP 0.97 1.00 1 5 125 115 100 3 70

The initial decision matrix was normalised by employing Eq. 5 and 6. All the objectives were considered
as equally important and therefore no weights were used. The resulting normalised decision matrix is
given in Table 2. Note that all the variables are now expressed in dimensionless numbers.

TABLE 2. THE NORMALISED DECISION MATRIX.

C1 C2 C3 C4 C5 C6 C7 C8 C9

1. 1 0.518 0.488 0.615 0.489 0.436 0.448 0.000 0.200 0.532

N . . . 28
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2. 1 0.518 0.488 0.679 0.778 0.410 0.420 0.000 0.400 0.501
3. | 0.405 0.543 0.002 0.022 0.254 0.277 0.707 0.600 0.380
4. 10.317 0.195 0.284 0.278 0.487 0.490 0.000 0.200 0.364
5. | 0.317 0.195 0.284 0.278 0.487 0.448 0.000 0.200 0.380
6. | 0.314 0.391 0.002 0.011 0.320 0.322 0.707 0.600 0.213

The TOPSIS method was further employed for MCDM. As it was already said, the TOPSIS method uses
the same normalised values given in Table 5. The ideal solutions were found in terms of Egs. 8 and 9.
The Euclidean distances were then estimated as defined in Eqs. 7 and 8. The following Table 3 presents
these computations.

TABLE 3. DISTANCES FROM THE IDEAL SOLUTIONS FOR THE TOPSIS METHOD.

C1 C2 C3 C4 C5 Cé Cc7 of: C9 S'I1S”
Ideal solutions
A 0314 0.195 0.002 0.011 0.254 0.277 0.707 0.600 0.213
A~ 0518 0.543 0.679 0.778 0.487 0.490 0.000 0.200 0.532
Distances from the positive ideal solution (S I,* )
1 0.042 0.086 0.376 0.229 0.033 0.029 0.500 0.160 0.102 1.556
2 0.042 0.086 0.459 0.588 0.024 0.020 0.500 0.040 0.083 1.842
3 0.008 0.121 0.000 0.000 0.000 0.000 0.000 0.000 0.028 0.157
4 0.000 0.000 0.079 0.071 0.054 0.045 0.500 0.160 0.023 0.933
5 0.000 0.000 0.079 0.071 0.054 0.029 0.500 0.160 0.028 0.922
6 0.000 0.038 0.000 0.000 0.004 0.002 0.000 0.000 0.000 0.045
Distances from the negative ideal solution (S )
1 0.000 0.003 0.004 0.084 0.003 0.002 0.000 0.000 0.000 0.095
2 0.000 0.003 0.000 0.000 0.006 0.005 0.000 0.040 0.001 0.055
3 0.013 0.000 0.459 0.571 0.054 0.045 0.500 0.160 0.023 1.826
4 0.040 0.121 0.156 0.250 0.000 0.000 0.000 0.000 0.028 0.596
5 0.040 0.121 0.156 0.250 0.000 0.002 0.000 0.000 0.023 0.592
6 0.042 0.023 0.459 0.588 0.028 0.028 0.500 0.160 0.102 1.929

The closeness coefficients, C,, were then obtained by the virtue of Eq. 10. The heat generation
alternatives were then ranked in descending order of the coefficients (Table 4).

24

TABLE 4. RANKING BY THE TOPSIS METHOD

C

1

Rank

0.058

0.029

0.921

0.389

0.391

o || (W (N~

0.977

= (W (AN O,
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Application of TOPSIS method enabled to rank the heat generation option in terms of multiple criteria.
The carried out analysis suggested biofuel CHP, biofuel boiler house, and natural gas CHP with internal
combustion engine as the most sustainable options for heat generation, in that order. On the other hand,
natural gas boiler house and oil shale boiler house were the lowest ranking options.

4. CONCLUSIONS

1. The several main criteria for assessment of energy technologies in district heating were
developed. The criteria were evaluated by applying several indicators for district heat technologies:
primary energy factor, carbon dioxide emission factor, renewable and recycled energy factor, long-term
heat generation costs and energy efficiency including security of supply are the main criteria applied for
the ranking of energy technologies in district heat

2. The 6 main heat generation technologies were assessed in Lithuanian district heat sector: natural
gas and oil shale boiler houses, biofuel boiler —house burning wood chips and natural gas CHP with
internal combustion engine, natural gas CHP with gas turbine and biofuel CHP plant using wood chips.

3. MultiOcriteria Topsis method were applied for energy technologies ranking in district heat sector
based on energy policy priorities in Lithuania: competitiveness, security of supply, energy efficiency
improvements, and increase of use of renewables and GHG emission reduction.

4, The carried out multi-criteria analysis revealed that biofuel CHP, biofuel boiler house, and natural
gas CHP with internal combustion engine as the most sustainable options for heat generation, in that
order. On the other hand, natural gas boiler house and oil shale boiler house were the lowest ranking
options mainly because of low renewable energy fraction, high CO2 factor and low security of supply.
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THE IMPACT OF RELATIONSHIP ORIENTATION ON POSITIONAL ADVANTAGE
OF THE COMPANIES IN SLOVENIA AND THE ROLE OF RELATIONSHIP VALUE

Matjaz Irsic, Faculty of Economics and Business, University of Maribor, Maribor, Slovenia

ABSTRACT

Based on data of 150 Slovenian companies in B2B relationship, this study analyses the direct impact of
relationship orientation, measured by adaptation and trust, as well as a relationship value on the
positional advantage. In addition, the study investigates the moderating role of relationship value on the
links between adaptation, trust, and positional advantage. In the preliminary phase we have tested the
research model with ISM framework, while in the empirical detail study, we have used a non-parametric
approach to structural equation modelling — partial least squares (PLS) modelling. We have found that
both, relationship value and trust, directly affect the positional advantage, while adaptation does not.
However, relationship value positively moderats the link between adaptation and positional advantage.
Our research contributes to the existing literature and managerial practice by demonstrating the possible
impacts of relationship orientation of B2B companies on positional advantage.

Keywords: Adaptation, trust, relationship value, positional advantage

1. INTRODUCTION

Many researchers have recognized that the intensity of B2B relationship between different relational
variables and constructs as well as the outcome of specific relationship depends on moderating and
mediating role of some other variables, constructs or characteristics of the company (for example: the
characteristic of governance, creativity, business strategy, relational capital, type of industry, type of
company, i.e. supplier, consumer, distributor etc., size of company, type of connections, cultural
differences, learning and selling behaviour etc.) (Wang, Bradford, Xu, Weitz, 2008; Hadjikhani, Thilenius,
2009; Reimann, Schilke, Thomas, 2010; Claycomb, Frankwick, 2010; Park, Kim, Dubinsky, Lee, 2010;
Kohtamaki, Vesalainen, Henneberg, Naude, Ventresca, 2012; Ritter, Walter, 2012; Voldnes, Gronhaug,
Nilssen, 2012).

To advance this overall research stream, we build a preliminary research model with three antecedents’
constructs: adaptation and trust as prevailing relationship orientation’ groups of variables, relationship
value as a moderating research construct, and positional advantage of the company as an outcome
(consequence, result) of the relationship. We posit that adaptation, trust, costs of relationship, and
relationship benefits affect the level of positional advantage of the company.

Relationship orientation is a desire of a company to engage in a strong relationship with a current or
potential partner to conduct a specific exchange (Palmatier, Scheer, Evans, Arnold, 2008).

Adaptation is the concept that was introduced already in the early IMP studies (Ford, 1980; Hakansson,
1982). The seminal research focusing particularly on adaptation between companies was conducted by
Hallen, Johanson and Seyed-Mohamed (1991). They investigated how adaptations are associated with
the power balance in the relationship. The independent variables of the construct of inter-company
adaptation in our research model have been collected from the above mentioned previous studies
(Hagberg-Anderson, 2006; Canning, Hammer-Lloyd, 2002).

Trust is being discussed as an important moderator in the relationship marketing literature (Groenroos,
1994; Hakansson, Snehota, 2000; Morgan, Hunt, 1994), and an essential ingredient for successful
relationships and relationship orientation (Dwyer, Schur, Oh, 1987). Every alliance is based on the thesis
that companies must often “cooperate to compete” (Morgan, Hunt, 1994). Therefore, alliances
characterized by effective communication generate trust between companies, which promotes
cooperation (Sarkar, 2001; Wittmann, Hunt, Arnett, 2009). In our research, we have created the construct
of trust on the base of the elements of trust from the relationship atmosphere dimensions taxonomy
model suggested by Wong, Wilkinson and Young (2010).
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Traditional academic and managerial view on conceptualization of value has been linked with the main
goal of marketing which was to create exchange of goods and services for money or equivalent (Bagozzi,
1975; Kotler, 2003; Groenroos, 1997). Concentrating on marketing as exchange draws the marketers’
attention to short-term value-in-exchange concept and away from customers’ value creation concept.
Instead of focusing on exchange, some authors suggested that marketing should take the creation of
value for customers as its goal (Sheth, Uslay, 2007). Such concept of value has been discussed in the
marketing literature very intensively at the end of 20" century and in the beginning of 21% century
(Holbrook, 1994; Rust, Oliver, 1994; Groenroos, 1997; Eggert, Ulaga, Schultz, 2006). In our research we
built the construct of relationship value on the conceptual research suggested by Ritter and Walter (Ritter,
Walter, 2012).

There were a lot of theories and models in strategic management and strategic marketing in the past
thirty-five years that have been appearing until now, which explain different views on competitive
advantage of the companies and consequently on their business performance. Morgan (2012) defines a
positional advantage as a relative value actually delivered to target markets, which is a result of the
company’s marketing strategy decision implementation efforts, and the cost of accomplishing this to the
company. It has been viewed across a number of different value and cost dimensions as follows: product-
based, service-based, price-based, cost-based, image-based, delivery-based positional advantages. The
above mentioned dimensions of positional advantage represent the set of dependent variables
(consequences) in the research model in our study.

2. RESEARCH

In the first phase of our research we have tested a validation of our theoretical structural research model
with a framework for positional advantage of the company through relationship value by Interpretive
Structural Modelling (ISM) (Sage, 1977; Srivastava, Singh, 2010). ISM can be used for identifying and
summarizing relationships among specific variables, which define a problem or an issue. It provides us a
means by which order and direction can be imposed on the complexity of such variables (Mandal,
Deshmukh, 1994; Srivastava, Singh, 2010). Based on the above framework we have proposed the
research hypotheses which have been empirically tested in the second phase of our research.

2.1. Development of hypotheses

As we have suggested in our theoretical research model, we have defined in the preliminary research 13
groups of variables and the possible relations between them based on previous literature review and with
support of five experts from the companies and academia with relevant knowledge, skills, and
background on the base of brain storming. On the base of ISM (Interpretive Structural Modelling)
framework, suggested by Srivastava and Singh (2010), adaptation, trust, costs of relationship and
relationship benefits are identified as antecedents of positional advantage.

In our empirical part of the research, we have measured the impact of two possible positive behavioural
responses of the company in the relationship orientation process, i.e. adaptation and trust, on positional
advantage of the company. In addition to this, relationship value in moderating role and its impact on
positional advantage of the B2B companies have been measured. Therefore, on the base of our
theoretical explanations and the results of ISM framework validation, we hypothesize:

H1a: Adaptation has a positive impact on positional advantage of the companies in B2B relationships.
H1b: Trust has a positive impact on positional advantage of the companies in B2B relationships.

H1c: Relationship value has a positive impact on positional advantage of the companies in B2B
relationships.

Many researchers, who have investigated possible positive behavioural responses of the company in the
relationship orientation process and their influence on positional advantages of the companies based on
market offerings, posit, that perceived relationship benefits and perceived costs of relationship have some
impact on the effectiveness and efficiency of the relationship orientation implementation of the company
in the process of improving its competitive advantage on the market (Dwyer, Schur, Oh, 1987; Heide,
John, 1992; Palmatier, Scheer, Evans, Arnold, 2008; Wittmann, Hunt, Arnett, 2009). In addition to this,
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the ISM-based framework validation provides sound understanding on the factors to be taken into
consideration for developing two meaningful moderating research constructs, i.e. costs of relationship and
relationship benefits.

Despite the general assumption and the supporting empirical evidence that relationship benefits and
costs of relationship are antecedents of relationship value, some authors agree that the relationship value
construct should include four aspects: relationship value as perceived trade-off between benefits and
costs, relationship value in relation to the role perceptions of the respondents, relationship value as a
measure relative to the offerings of competitors, and relationship value as a multi-attribute concept (Ritter,
Walter, 2012).

In our empirical research, we have considered such expanded version of relationship value perceived by
CEOQO’s of the B2B companies analysed. Thus, we posit that:

H2a: Relationship value positively moderates the impact of adaptation on positional advantage of the
companies in B2B relationships.

H2b: Relationship value positively moderates the impact of trust on positional advantage of the
companies in B2B relationships.

2.2. Research methodology

The data for empirical part of research have been collected from the statistical population of 398
Slovenian B2B companies. The study has used a web-based questionnaire which has been sent to
CEO’s of the companies. The response rate was 37.7%, i.e. 150 completed questionnaires. It is
significant to add that the answers, received from the managers in the companies, reflect their subjective
perception of the problem. Managers have been asked to consider B2B relations with their most
important strategic customer in the sales market.

To test our nomological model, we have used a non-parametric approach to structural equation modelling
— partial least squares (PLS) modelling (SmartPLS 2.0). There are a few reasons to choose such method
of analysis. First, this study tests an explorative model with potentially alternative hypotheses: whether
adaptation, trust and relationship value have positive direct effects on positional advantage of the
companies, and/or whether relationship value moderates the impacts of adaptation and trust on positional
advantage. Second, PLS modelling is well suited to testing interaction effects because of its ability to
model latent constructs without measurement error. Third, PLS modelling does not require multivariate
normal data. Fourth, a PLS model can be estimated using a body of cases that is a minimum of ten times
the size of the number of constructs affecting the dependent variable (Kohtamaki, Vesalainen,
Henneberg, Naude, Ventresca, 2012, 1303). Utilizing the logic of sensitivity analyses, we also tested the
measurement model using exploratory factor analysis to confirm high discriminant validity alongside PLS.

In our empirical study we have employed reflective measurement models, as required by the application
of a moderation model (Diamantopoulos, Siguaw, 2006). The items for main constructs that we have
used in our empirical study have been collected by the relevant authors, who empirically investigated the
constructs analysed in our research. The main constructs have been measured by five-point interval
scales. Adaptation, trust and relationship value have been estimated by Likert scale (5 — strongly agree, 1
— strongly disagree), while positional advantage has been evaluated by 5 — point scale (5 — strong
advantage, 1 — strong disadvantage).

The study measures adaptation with six individual items: adaptation in purchasing and marketing
strategies, adaptation in product and service offering, adaptation in service delivery, adaptation in
management processes, adaptation in human interaction, and adaptation in organizational structures
(Holma, 2008).

Trust has been measured with nine items based on taxonomy model of buyer-seller relations in business
markets suggested by Wong, Wilkinson and Young (Wong, Wilkinson, Young, 2010).

Relationship value has been assessed with items, measuring before mentioned four aspects: relationship
value as perceived trade-off between benefits and costs, relationship value in relation to the role

~ . . . [2
Journal of Strategic and International Studies 29



ISSN 2326-3636 JSIS Volume IX Number 6

perceptions of the respondents, relationship value as a measure relative to the offerings of competitors,
and relationship value as a multi-attribute concept (Ritter, Walter, 2012).

Positional advantage as a dependent research construct in our empirical study has been measured with
six items: product-based, service-based, price-based, cost-based, image-based, and delivery-based
positional advantage (Morgan, 2012).

Based on the PLS analysis, all research constructs and items demonstrated satisfactory average
variance, Cronbach’s alpha coefficient, composite reliability and item loadings (all loadings are higher
than 0.60 for the sample size n = 85). Therefore, we conclude that they show overall satisfactory
discriminant validity and reliability.

After that, we have tested the validity of the constructs and items by exploratory factor analysis, maximum
likelihood factoring, Promax rotation method as well as Bartlett’s test of sphericity (<.001). Because all the
items loaded on their main constructs have main factor loadings above .60 and side —loadings below .3, it
means that such results show to us high discriminant validity alongside with the results of the PLS-
analysis, in which we also have compared the item’s main loadings and side-loadings. In the addition to
this fact, we can conclude that convergent validity is satisfactory too.

2.3. Analysis and results

First of all, we have analysed the correlations between the main constructs. According to the variance
inflation factor and correlations between the main constructs in the table, we can evaluate the level of
multi-collinearity between the independent variables in an ordinary least squares regression analyses. It
provides us an index that measures how much the variance of an estimated regression coefficient is
increased because of collinearity. Because the highest correlation between the independent constructs
(adaptation, trust and relationship value) has yield .41 (threshold <.8) and the variance inflation factor has
been below 5 for all of the independent constructs, we can conclude that multi-collinearity is not
statistically significant (Kutner, Nachtsheim, Neter, 2004).

In the next step of the research, we applied a PLS-analysis to investigate the research model and to test
the hypotheses. In order to study individual moderating impact, the interaction terms have been created
by standardizing the data. After that we have created the interaction terms by standardizing the data and
multiplying the independent constructs (adaptation and trust) by the moderating construct (relationship
value). We have tested the hypotheses in two models. In the model 1, we have tested all independent
constructs: adaptation, trust and relationship value. In the model 2 we have tested the impacts of the
interaction terms on dependent construct: positional advantage.

The results for the model 1 give us the information that relationship value positively and significantly
impacts positional advantage of the companies in the sample (3=.35, t=2.89, p<0.001). On the other
hand, the impact of adaptation is negative and non-significant (B= -.10, t=1.64, n.s.). Trust has a positive
and statistically significant influence on positional advantage ($=.48, t=3.23, p<0.01). These constructs
explain 19% of the variance in positional advantage. Therefore, we have confirmed hypotheses 1b and
1c, but hypothesis 1a has not been confirmed.

In the model 2, we have tested the impacts of the interaction terms on positional advantage. The
interaction terms add a statistically significant 6% to the explanatory power of adaptation and trust. They
all together explain 22% of the variance of positional advantage. This second model has shown to us that
the impact of the interaction term between trust and relationship value is not significant (3 = 0.06, t = 0.87,
p>.01), while the effect of the second interaction term, in which relationship value moderates the link
between adaptation and positional advantage, is significant (B = 0.12, t = 2.35, p<0.01). It means that the
results provide support for hypothesis 2a but not support for hypothesis 2b.

Therefore, we can conclude that the adaptation causes positional advantage only when perceived
relationship value is present. Thus, without relationship value, the effect of the adaptation on positional
advantage is negative.
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3. CONCLUSION
3.1. Theoretical and managerial implications

In the present research we have analysed the direct and indirect impact of three relational antecedents on
positional advantage. Based on the analysis of Slovenian companies we have found that both relationship
value and trust directly affect positional advantage of the companies, while adaptation does not. However,
relationship value positively moderated the link between adaptation and positional advantage. This fact
reinforces the value of examining the influence of adaptation in B2B context.

We argue that in the companies with higher relationship value in B2B exchange with their strategic
customers as the result of subjective perceptions of managers, the perceived positional advantage of
such companies in the market is stronger. This finding therefore contribute to earlier studies by providing
evidence that perceived relational benefits and costs as well as perceived performance contributions that
the companies gain from their strategic customers (e.g. market share, revenue, image, mutual respect,
market information, technology) influence market performance of the companies (Ritter, Walter, 2012;
Haas, Snehota, Corsaro, 2012; Park, Kim, Dubinsky, Lee, 2010). Our research contributes to these
studies especially in putting positional advantage as a significant dimension of long-term market
performance into outcome research construct.

Furthermore, the results also show that trust directly improves positional advantage of the companies in
our sample. While some past studies confirm positive correlations between trust and some market and
financial outcomes of the companies (Wong, Wilkinson, Young, 2010; Morgan, Hunt, 1994; Berry,
Parasuraman, 1991; Dwyer, LaGace, 1986), we have provided additional evidence that trust perceived by
managers in the companies significantly and directly influence the perceived level of positional advantage
of their companies, especially by the elements of product, service and delivery.

However, our research could not support the hypothesis that relationship value enhances the link
between trust and positional advantage. But on the other hand, most importantly, the results provide
evidence that relationship value enhances the link between adaptation and positional advantage. We can
argue that adaptation of the companies in our sample to requirements of their strategic customers does
not have statistically significant impact on the positional advantage of these companies, while the high
perceived relationship value enables enriched interaction and contribute to stronger perceived positional
advantage of the analysed companies.

Thus, these results contribute to the literature on relationship marketing and, in particular, to discussions
on interactions between relationship orientation of the companies on one side and different market and
financial outcomes on the other side.

The results suggest that in B2B companies relationship managers should evaluate relationship benefits
and costs as well as performance contributions through which it is possible to create high perceived
relationship value, because it increases a positive linkage between adaptation and positional advantage.
In addition to this fact, they need competences to adapt marketing and purchasing strategies, product and
service offering, service delivery, management processes, human resources and organizational structure
to the requirements of their strategic customers in the continuing bases. The consequences of continuing
care on level of such adaptation with high level of perceived relationship value can improve market and
financial performance of the companies through strengthen positional advantage of the companies.

3.2. Limitations and directions for further research

This study has some limitations; it had a relatively small sample of large Slovenian B2B companies, which
limits the generalizability of the results. However, the dataset has been carefully selected. The next
limitation is that the study deals with the data which are the result of subjective perceptions of the
managers in the companies. The last group of limitations are of analytical nature. Nevertheless we have
used a non-parametric approach with PLS modelling with its strengths and have utilized the logic of
sensitivity analysis using exploratory factor analysis, there has been a limitation in the model, because we
have not applied control variables to better understanding the nature of some relationships and research
constructs. Hence, the test of the PLS results with another alternative model in PLS, which would utilize a
formative measurement model, could be appropriate. Finally, the use of hierarchical regression analysis
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to validate the robustness of our findings could be good solution in the next step of further deeper
analysis.

Further research work could be focused toward detail analysis of particular dimensions of positional
advantage as a consequence of relationship orientation. Next, it will be of great importance to test the
influence of other relationship orientation’ dimensions (e.g. opportunism, commitment, power and
dependence, understanding) on positional advantage of the companies.
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ABSTRACT

The paper presents new research and new cost calculation for carbon dioxide storage in Cuba and
Lithuania and lessons from comparative assessment of carbon dioxide and RW storage costs in several
countries. The paper compares the costs of the geological storage of CO; in several countries by applying the
same unit - US cent/kWh.

Keywords: Carbon dioxide, ultimate disposal facilities, costs, comparative assessment.

1. INTRODUCTION

There is a lack of comprehensive and comparable data on CO, storage costs. Currently format, content
and practice of cost estimates for geological storage of CO, vary considerably for both, - within and
between countries. The paper presents new cost calculation for carbon dioxide storage in Cuba and
Lithuania. The focus of the paper is on

enior Project Business Capstone papers had no impact on the quality of the final Senior Capstogeological
disposal costs. The paper aims to explore how the cost estimation methods for carbon dioxide disposal
work in countries that have less data and information on the subject and to report the challenges and
findings of these countries to other countries that are likely to have similar problems.

The paper is structured in the following way: in second section the literature review in the field of CO, cost
assessment is presented, in third section on methodology the comparative assessment approach is
briefly described and the costs of CO, storage are assessed in Cuba and Lithuania, in forthsection the
results on carbon dioxide are generalized and in the last section conclusions were developed.

2. LITERATURE REVIEW

Several important studies on CO, storage costs were conducted in the US and other countries (Block et
al., 2003; Allison et al., 2003; ECOFYS, 2005; Poyry, 2007; IEA, 2008; McKinsey&Company, 2008;
Pacific North West National Laboratory, 2008; Global CC Institute, 2009; JRC, 2009; McCoy, 2009;EPA,
2010)however there are no generally accepted reference values for costs of carbon dioxide storage
facilities. Studies dealing with this topic show that investment costs for carbon dioxide storage depend on
the disposal concept, geographical location and whether the storage facility is offshore or onshore.

Themost important recent study conducted in European Union (EU) on CO, storage costs is European
Technology Platform for Zero Emission Fossil Fuel Power Plants (2011) study. The study indicated the
cheapest storage reservoirs (large, onshore DOGF) and found that well construction costs are about 40-
70% of total storage costs. The main conclusions of the study were that the wide ranges in total costs (up
to a factor of 10) are more driven by (geo) physical variations rather than by the uncertainty of cost
estimates (ZEP, 2011). It is necessary to emphasize that the range of costs for EU member states in the
study includes the costs of liabilities ranging from 0.2-2 EUR/t CO, (0.26-2.6 US$/tCO,) having big impact
on cost estimates. The literature review showed that costs for various storage options vary a lot. The
widest ranges for CO, storage costs are provided by ECOFYS (2004) for enhanced coal bed methane
recovery (ECBM) on shore ranging from 0 at depth storage under 1000 m to almost 40 US$/tCO2 at the
depth of storage of 3000 m. According this study the main reason of such big ranges is the permeability
of reservoir and depth of storage. The ECOFYS also developed data intensive Geocapacity decision
support system (GDSS) software for EU Geocapacity project (2009) by applying the same top-down
approach for carbon dioxide storage cost assessment.
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In general the lowest costs (negative) are associated with enhanced oil recovery (EOR) or enhanced gas
recovery (EGR) if revenues from oil or gas production are taken into account. The highest costs except
ECBM at high depth are for saline aquifers (SA). The depleted gas fields (DGF) and depleted oil fields
(DOF) on shore are next cheapest options following EOR.

The biggest ranges for SA on shoreare provided by McCoy (2009) study — from 0.32 to 31.3 US$/tCO2.
In recent study conducted in Latvia (Gusca et al., 2010) the costs of storage in on shore SA were
assessed as ranging from 0.08 to 5.66 US$/ tCO, avoided and depending mainly on injectivity conditions
(depths, porosity, type of storage site). The biggest range of costs estimates for SA off shore are given by
Global CCS institute (2009) study and Allison et al., (2003) ranging from 0.5 to 30.2 US$/tCO, .According
(Global CC institute, 2009) the high permeability of reservoir can reduce cost by factor of 2. The wide
range of costs are also related to site selection costs which vary from 25 Mil.LUS$ to 150 Mill.LUS$ or even
more depending on the geology.The cost range for CO, storage in DGF and DOF are the same though
some studies providing different cost estimates for these storage options indicating higher costs for DGF
(Bock et al., 2003). The highest cost estimates for depleted oil and gas fields (DOGF)on shore and off
shore are presented in IEA (2008) ranging from 10 to 25 US$/tCO,. The study explains that the main
reasons for such differences are related to well construction costs which are the function of well depth.
The similar high costs for DGF on shore and off shore are presented by Poyry Energy Consulting (2007)
study. In the most studies reviewed the CO, storage costs in SA on shore and off shore are higher than
for DOGFon shore and off-shore as well (ECOFYS, 2004; ZEP, 2011).

The literature review allowed revealing that for different storage options the different cost components are
the most important and therefore the main drivers of the costs are different.However the specific studies
present quite different structure of costs components for CO, storage.

The Department of Energy and the Environmental Protection Agency of USA (EPA, 2010a; 2010b) have
developed a comprehensive methodology for the assessment of geological sequestration for US (TVE
Public Power Institute, 2003). The study can be used as reference for developing rough cost estimates for
CO,, storage projects in other locations as presents the unit cost data and cost algorithm for specific cost
items for different components of costs and doesn’t require a lot of input data like in the case of
complicated models and software developed by various studies.

3. COSTS OF CO, STORAGE

The main indicator for the comparison of CO, storage costs in this paper is the disposal costs per unit of
electricity produced. In case of CO, storage all investments must be completed before starting CO,
capture from power plants. The comparative assessment of CO, storage was performed by applying the
indicator of disposal costs per unit of electricity produced. In addition the disposal costs per unit of CO5)
will be assessed and compared between Lithuania and Cuba.

There are a large number of parameters to be considered to realize the CO, storage project: geologic site
characterization, monitoring, injection well construction, area of review and corrective actions, well
operation, mechanical integrity test, post injection well plugging, and site care, financial responsibility,
administrative costs (EPA, 2010a).

Cuba and Lithuania have not yet implemented geological storage of CO; in any of its variants and no
methodology has been developed to estimate its costs. On the basis of the methodology developed by
the United States Environmental Protection Agency (EPA) for economic assessment of the geological
storage of CO; the preliminary estimation of storage cost of CO; in Lithuania and Cuba was performed
(EPA, 2010a).Different types of CO, storage were selected for these countries. For Lithuania — SA and for
Cuba — DGF.lt is also possible to use in Cuba existing gas and oil reservoirs which are not yet depleted
and to apply EOR and EGR techniques.

Until now there has been no capture and sequestration of CO; in Cuba in any of its variants but there is
quite well elaborated opportunity of injecting CO, into one depleted gas field. Cretaticreservoir with
capacity of 74.4 Mill.tis located in the Western part of the island and is 1310 meters deep. The storage
option requires 3 wells for COsinjections however the existence of 1 reusable legacy well can reduce
required number of wells up to 2. The power plant of 270 MW with CO, emission rate of 1.3 Mt per year
and electricity generation of 1229 GWh/year was assumed for installation of CCS equipment.
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In Lithuanian there are 3 potential geological aquifer structures in South-West of the country: Vaskai 8.7
Million t), Syderiai (21.5 Million t), D11 (11.3 Million t) which can store totally 41.5 Million t of CO, (Sliaupa
et al, 2008). The Syderiai has the highest potential therefore this option was selected for the assessment
of CO, storage costs in Lithuania.The biggest thermal power plant of 1800 MW was considered for
installation of CCS. Electricity generation per year is 2938GWh and total CO,emissions from this power
plant makes about 2 Mt/per year. The storage with capacity of 21.5 Mt can be used about 10 years for the
injection of CO, emissions from this power plant. Table 1 shows the main characteristics of the thermal
power plants and the reservoirs selected for CCS in Cuba and Lithuania.

TABLE 1. KEY PERFORMANCE PARAMETERS FOR CO, STORAGE IN LITHUANIA AND CUBA

No | Parameter Lithuania Cuba
1. | Power plant type, fuel and capacity, MW Power plant, (fuel oil) | Thermal power plant,
1800 MW fuel oil, 270 MW
2. | Average annual electricity generation at power 2938000 1229 904
plant MWh

3 Power plant utilization rate, % of the year 65 52

5 | Average CO, emissions per year, Million t 210 1.13

6 CO; capture rate, % 90 90

7 | CO, storage concept Saline Aquifer DGF onshore

8 Stratigraphy Middle Cambrian Cretacic

9 Lithology Sandstone Gravel, marl,
limestone

10 | Area of well spacing, km2 26 33

11 | Number of injection wells 3 3

12 | Total number of monitoring wells 1 2

13 | Injection pipe diameter, m 0.14 0.15

14 | Injection depth, m 1458 1310

15 | Reservoir thickness, m 57 33

16 | CO, supply pressure, MPA 15.3 13.9

17 | Reservoir horizontal permeability, mD 400 5

18 | CO, storage capacity, Million t 21.5 74.4

19 | Injection period, years 10 15

20 | Volumes of CO, to be stored per year, Mt 210 1.02

20 | Volumes of CO, stored during operation, Mt 21.5 15.3

The main costs components for CO2 storage applied in EPA studies (EPA, 2010a) are the following: site
characterization, injection well construction, monitoring, well operation, mechanical integrity test, area of
review and corrective actions, site closure (post injection well plugging and site care), financial
responsibility and administrative costs. The same cost components were applied for CO2 storage
assessment at Syderiai SA in Lithuania and in Cuba in DGF onshore. According methodology developed
by EPA (2011) the unit costs are specified in terms of cost per site, per well, per square mile and other
parameters depending on the characteristics of the cost item. The unit costs are applied to type cases
which include specification for total area, depth, thickness, well infectivity, number of wells through time
and other parameters (EPA, 2010a).

The costs of site characterization are highly depending on the requirements of the regulatory regime for
the project. The main factor affecting the costs of site characterization is the area of review. According
methodology developed by EPA the injection well construction costs is the most important component
and it depends upon geological characteristics of the injection formation, number of wells needed and
depth. The operation of the injection wells costs includes costs of measuring and monitoring equipment,
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electricity costs, O&M costs, space costs, repair and replacement of wells and equipment, and estimated
costs for the possibility of failure at the site and the need to relocate a geological sequestration operation.
After the injection phase has ended, the owner or operator must close the site in a safe and secure
manner and monitor the site during the post injection period.The financial responsibility and administrative
costs are country specific and depend on national laws. These costs were not included in the costs
assessment performed for Cuba and Lithuania. In EU liabilities are established under the EU Directive
2009/31/EC. The Study (ZEP, 20110) assumed that cost of liabilities makes from 0.2 to 2 EUR/ACO,. If
such costs would be added it would significantly increase costs estimates for Lithuania as EU member
state.

The specific cost items for CO, storage in Cuba and Lithuania were selected from tables available in
(EPA, 2010a) based on the type of storage and main characteristics of storage site presented in Table 1.
The total costs of CO; storage in Lithuania and Cuba are summarized in Table 2. The costs assessed in
US$ (2008) were converted into US$ (2010) by taking into account the exchange rate and annual inflation
rate of 1.4% for the period 2008-2010.

TABLE 2. ESTIMATED COST IN LITHUANIA AND CUBA USING THE EPA METHODOLOGY

Activities Costs ( Million US$ 2010)
Lithuania Cuba
Geologic site characterization and licensing 1.95 0.56
Monitoring 1.03 2.7
Injection wells construction 9.25 4.3
Well operation and mechanical integrity test and corrective | 1.65 2.2
actions
Post injection well plugging, and site care 0.21 1.56
Total cost 141 11.29

As one can notice from Table 2 the obtained total costs of CO, storage are quite low. This is related with
very low geological site investigation costs and not included costs of financial liabilities. Because of
uncertainty in regulation regimes the case with lowest cost according current US Underground Injection
Control regulation for Class | non-hazardous waste injection was selected as reference though 4 more
stringent regulatory alternatives were available. Lithuania and Cuba does not have such regulations in
place. The financial liability costs were also not included as they are unclear for both countries but it may
raise the cost significantly.

Comparing CO; storage costs by items between Cuba and Lithuania one can notice that Cuba has lower
geological site investigation costs as DGF is re-usable infrastructureand knowledge about geological
formation is available. At the same time SA are less investigated and needs more resources for
geological site investigation though the area of well spacing is quite similar for both countries. The
monitoring costs are higher for Cuba, because of higher number of monitoring wells required. Injection
well construction costs are higher for Lithuania because of more wells required and higher injection depth
and reservoir thickness. The well operation costs are higher for Cuba because of lower reservoir
horizontal permeability. Reservoirs with high permeability can reduce storage costs by a factor of 2
compared to reservoirs with lower permeability (Global CC Institute, 2009). The Post injection well
plugging and site care costs are higher for Cuba because of higher number of total number of wells in the
area 5 (3 injection wells and 2 monitoring wells). In Lithuania the total number of wells is 4.

The main uncertainties of evaluation are related with regulatory requirements applied in US and labor
costs. There are no regulatory requirements for CO, storage applied in Cuba and Lithuania therefore US
requirements were applied. The labor costsin Cuba are significantly lower than in US and Lithuania and
this would also affect the cost estimates. Considering the uncertainties referred the costs estimated could
be higher considering the particular characteristics of each country. Seeking to compare carbon dioxide
storage costs per ton of CO, stored and per kWh of electricity produced in Lithuania and Cuba the Table
3 was developed.
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TABLE 3. COMPARATIVE ASSESSMENT OF CO, STORAGE COSTS IN LITHUANIA AND CUBA

Disposal | Electricity
Total
. costs Storage costs generated Costs/kWh
Imple- Evaluation | Disposal .7 | capacity, pert during life ’
Country : Million - . US cent
mentation method concept Million t CO2, time
us$ | “coo us$ iod (2010)
(2010) period,
(2010) mill kWh
Based on Saline
Lithuania | Research own . 141 21.5 0.656 29380 0.05
aquifer
assessment
Based on Depleted
Cuba Research own gas 11.2 15.3 0.732 18449 0.06
assessment | reservoir

As one can see from Table 3 the total costs of CO, storage in Lithuania in Syderiai SA are 14.1 Mil.US$
(2010) and are similar to estimates obtained by Cuba for DGF- 11.5 MilL.US$.CO, storage costs in
Lithuania (0.65 US$/t CO, and 0.05 US cent/kWh) are similar to the estimates in Cuba (0.73 US$/t CO,
and 0.06 US cent/kWh) respectively. These costs are similar because of the similar storage capacity and
similar parameters of geological formations except horizontal permeability of reservoir. Allison et al.,
(2003) indicated that the main determinants of storage costs are reservoir and injection characteristics
rather than storage option such as saline formation or depleted field.

The obtained CO, storage costs for Lithuania and Cuba are quite low having in mind the small storage
capacity but this negative scale effect has been mitigated by a several factors such as the favorable
geological conditions (low depth, low reservoir pressure, high permeability and thickness of the geological
structure) and financial liability costs not included in assessments. These costs according (ZEP, 2011)
can increase the costs of CO, storage from 0.26 US$ to 2.6 US$/tCO,. The slightly lower costs of CO,
storage for Cuba were obtained because of lower geological site investigation costs, lower well
construction costs related with on re-useable legacy well. The lower CO, storage costs per ton of CO2
stored are obtained in Lithuania because of larger carbon storage capacity. The lower CO, storage costs
per kWh obtained for Lithuania are mainly related with larger carbon storage capacity, longer life-time of
COgstoragefacility and larger electricity generated costs during this period.

4. CONCLUSIONS

The methodologies for CO, costs assessment provided in earlier studies are difficult to follow for new
players in this field like Cuba and Lithuania. Complicated cost assessment models requiring a lot of
comprehensive data and modeling expertise were developed which are not affordable for countries
having less experience.

The most clear and comprehensive methodology for assessment CO,storage costs and easy to follow
was developed by US EPA. The methodology provides unit cost estimates for all cost components of SA,
DGF to estimate total project costs. The examples are provided for both commercial and pilot scale
geological storage projects. As the case studies for Lithuania and Cuba are based on these alternatives
the proposed technique was quite easy applicable for both cases.

The biggest problems in CO,storage costs assessment were related with specific regulations applied in
US and differences in labor costs. Taking into account the differences in financial liabilities applied in US
and Europe and Cuba these costs were not included in total cost estimates. Adjustments for labor costs
were not applied because of the lack of labor cost information in Cuba.

Though the legal regulation and labor costs are the important challenge and serious drawback in
application of methodology developed in US for Lithuania and Cuba it allows to compare two CO, storage
options in terms of cost components as the same approach was applied and to establish the main drivers
of costs differences for specific storage options.

The applied methodology showed that the similar CO, storage capacity and favorable geological
conditions for CO, storage had the most important impact on low storage costs in both countries. The
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negative impact of small scale effect in both cases was mitigated by favorable geological conditions
thereby granting cost reductions for both case studies.
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ASSESSING A FACULTY MEMBER’S ROLE IN CHANGING WRITING OUTCOMES
OF UNDERGRADUATE CAPSTONE PAPERS: A QUANTITATIVE STUDY

Gary F. Keller, Eastern Oregon University, LaGrande, Oregon, USA

ABSTRACT

Determining if a faculty member has an impact on improving student-writing skills, in particular for those
completing a senior business capstone project frequently the culminating requirement for a business
major, is perplexing and difficult to measure. Additionally, the mixture of course formats (face-to-face,
hybrid and online) and diversity of age/skill levels that a faculty member may encounter provide additional
challenges to interact with and evaluate if writing improvements occurred due to the instructor’s
intervention. Institutional student course evaluations rarely provide meaningful, if any, indication of
changes in writing skills or an instructor’s role in this transformation process. A gap exists in the literature
regarding the use of a computerized index such as the Flesch-Kincaid Grade Level score for use in
evaluating student writing. A supplemental and easy to use pre/post evaluation of student writing skills
was developed and tested with 76 students (face-to-face and online students) enrolled in a Senior Project
Business Capstone course at a rural regional university in the United States of America spanning one
academic year (2013 to 2014). Results were found using the Flesch-Kincaid Grade Level score as a pre
/post instrument to evaluate the writing levels of students after they submitted their first assignment and
the final submission of the Senior Project Business Capstone paper. The data derived from the
application of Flesch-Kincaid Grade Level writing scores of 76 students indicated that statistically
significant writing changes occurred at the .03 level from pre-post scores recorded between the first
assignment, prior to the faculty member’'s comments and corrections, and the final assignment (after two
interventions by the faculty member). A secondary goal of the study was to determine if differences
existed in the writing level scores between students enrolled in the face-to-face version of the Senior
Project Business Capstone course and students enrolled in the online version of the same course. The
data indicated there were positive changes (an average pre first assignment grade level average of 12.37
to the post average of 12.41) in the Flesch-Kincaid Grade Level scores; however these changes were not
statistically significant (p= .40). In contrast, data from pre and post writing level scores of 55 students
enrolled in the online version of the same course indicated that statistically significant writing changes
occurred at the (p=.01) level of significance.

Keywords: Assessment of Learning, Readability Indices, Improvement of Writing

1. INTRODUCTION

Quantifying the effect that a teacher has on the learning outcomes of their students is a continuous and
sometimes contentious issue in higher education. Over the past decade, the need to show consistent and
clear-cut measurements of institutional and faculty teaching effectiveness has been motivated by a
combination of upgraded regional and professional accreditation association requirements, government
mandates and increasing competition among educational institutions for student enroliment. Judging
teaching efficacy is one of the most challenging and elusive tasks in the education process. Unlike
scholarship, artistic productions, scientific experiments, and etc. which result in a tangible product or
consequence the aftermath of teaching is contained in the minds of the learner and may or may not
manifest itself for years after the final lecture or test is administered (Hooper and Page, 1986).

There is a paucity of quantitative evidence to ascertain if a faculty member directly influences
improvements in student writing skills. A supplemental and easy to use pre/post evaluation of student
writing skills was developed and tested with 76 students (face-to-face and online students) enrolled in a
Senior Project Business Capstone course at a rural regional university located in the United States of
America spanning two academic years (2013 to 2014). Results are presented from use of the Flesch-
Kincaid Grade Level score as a pre /post instrument to evaluate the writing levels of students after they
submitted their first assignment and the final submission of the Senior Project Business Capstone paper.

N . . . 41
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2. HYPOTHESES FOR THIS STUDY
Below are the null and alternative hypotheses that were tested in this quantitative investigation.

H1o. On the Flesch-Kincaid Grade Level score regardless of face-to-face or online version of the Senior
Business Capstone Course offered, faculty member comments made on Sne papers (<).

H1a. On the Flesch-Kincaid Grade Level score regardless of face-to-face or online version of the Senior
Business Capstone Course offered, faculty member comments made on Senior Project Business
Capstone papers had a significant impact on the quality of the final Senior Capstone papers (>).

H2o0. On the Flesch-Kincaid Grade Level score from the online version of the Senior Business Capstone
Course, faculty member comments made on Senior Project Business Capstone papers had no impact
on the quality of the final Senior Capstone papers (<).

H2a. On the Flesch-Kincaid Grade Level score from the online version of the Senior Business Capstone
Course, faculty member comments made on Senior Project Business Capstone papers had a
significant impact on the quality of the final Senior Capstone papers (>).

H30. On the Flesch-Kincaid Grade Level score from the face-to-face version of the Senior Business
Capstone Course, faculty member comments made on Senior Project Business Capstone papers had
no impact on the quality of the final Senior Capstone papers (<).

H3a. On the Flesch-Kincaid Grade Level score from the face-to-face version of the Senior Business
Capstone Course, faculty member comments made on Senior Project Business Capstone papers had
a significant impact on the quality of the final Senior Capstone papers (>).

3. LITERATURE REVIEW

The central issue addressed in this literature review was assessing to what extent if any a faculty member
plays in changing the writing outcomes as measured by the Flesch-Kincaid Grade Level scores of
undergraduate students enrolled in Senior Business Capstone courses taught over one academic year at
a rural regional university in the United States of America. Determining what if any effect a faculty
member has on student learning and writing improvement is a constant experiment. Regardless of one’s
position on this important point, inevitably measuring progress from the beginning of instruction to
completion remains the salient issue.

Another major concern in the assessment of teaching/learning outcomes is removing as much subjectivity
from the measurement process as possible. However, how does a faculty member remove predisposition
from non-quantitative course assignments? What is the difference between a well-written paper and an
average one? Frequently the faculty member exclusively relies on a subtle yet powerful - | know good art
when | see it —mental model. The assistance of an impatrtial tool for both faculty and students is needed to
gauge a starting level of writing skills and appraising what if any progress was made during a course
would be most beneficial.

Rudolf Flesch developed a reading ease score in 1949. The Flesch Reading Ease scale ranges from 0 to
100. Zero to 40 is very difficult to difficult reading. Eighty and above is easy to very easy. Some states
require that insurance policies score at least 40 on the Flesch Reading Ease scale. Flesch himself set the
minimum score for plain English at 60 (Stockmeyer, 2009). J. Peter Kincaid developed the Flesch—
Kincaid Grade Level Score in the 1970s. Kincaid reformulated the Flesch test to produce a formula for
calculating a text’s reading grade level, initially for use by the United States military to measure the
readability of technical manuals used in training. Eventually, the Flesch-Kincaid Grade Level Score and
other derivatives were adopted for use by a variety of public and private enterprises. The Flesch-
Kincaid Mean Grade Level was also used to judge whether sites comply with the Priority Level One
standards recommended by the World Wide Web (West, 2008). Critics of Flesch and Kincaid point to the
limits of the application of automated programs to assess fully the quality of reading comprehension and
potential manipulation of formula driven programs. Mailloux, Johnson, Fisher and Pettibone (1995)
pointed out several limitations of readability formulas noting that:
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Readability formulas do not take into account various variables such as legibility, motivation of the
reader, learnability of the text, usability, relationship among words, sentences, and sentence
parts, and the level of abstraction required of the reader by the material. (p. 225)

In another research project Pothier, Day, Harris, and Pothier (2008) noted that:

Readability scores provide information about the surface of the text, but it does not directly
provide information about the comprehensibility of the text. Readability scores do not
acknowledge the specific needs of the target readers, for example different levels of reader
language skills and reader knowledge. Finally, readability does not provide information about the
coherence of a piece of text. (p. 719)

The need for tests such as the Flesch-Kincaid to assess the comprehension level of the reading
audience, and by definition the skill level of the writer, is noted in the literature. Loughran and McDonald
(2014) commented about the shortcomings of the Fog Index, the most commonly applied readability
measure in financial applications and proposed an alternative to it to enable shareholders and others to
understand corporate financial disclosures. Subramanian, Insley and Blackwell (1993) conducted a study
to test the relationship between performance and the readability of annual reports using a “computer style
analyzer” and found that the annual reports of top performers were easier to read than poor performers.
Sattari, Pitt and Caruana (2011) directed research about the readability of selected Fortune 500 firms’
mission statements. Sattari et al. concluded that on average, the mission statements of the firms selected
for the research project were written at a university graduate level and in short were not understandable
by general audiences. Alexander (2000) employed the Flesch-Kincaid Grade Level score to grade the
level of dental educational documents. Alexander found that 41.7% of the materials examined in the
scholarship were composed at or near college levels, which put them above the mean level (seventh to
ninth grade) above most patients. Williamson and Martin (2010) evaluated patient information leaflets
(PILs) using Flesch-Kincaid scores and found the PILs’ reading grade level “in excess of the
recommended level” (p. 1831). Sawyer, Laran and Xu (2008) evaluated the readability of articles in four
marketing journals and compared articles that won an award with articles that did not. The authors found
that the meritorious articles were more readable, as measured by indexes focusing on sentence and word
length than the ones that did not receive distinction.

Jameson (2006) asserted that graduate business programs emphasize technical and decision making
analysis using a variety of analytical tools. However;

Management communication courses therefore need to help students write clearly about such
technical subject matter. The most important writing many graduates do in their careers involves
explaining technical analyses, interpreting numbers, and convincing others that their conclusions are
valid. Management communication courses need to help students write clearly about such technical
subject matter. (pp. 76-77)

A gap exists in the literature regarding the use of a computerized index such as the Flesch-Kincaid Grade
Level score for use in evaluating student writing. The need for an appraisal tool that provides reasonable,
reliable and actionable information to assess student writing levels and measure improvements while
simultaneously evaluating the faculty member’s role in guiding student writing improvement motivated the
author to conduct this study.

4. METHODOLOGY

The issue addressed in this quantitative study was measuring the effect of instructor feedback on
changes in student writing improvement of students writing their capstone papers to complete their
business major. The Flesch-Kincaid Grade Level score was utilized to provide a quantitative
measurement of student writing levels and indications of writing improvements in a Senior Capstone
culmination-writing course.

This research project evaluated 76 students (21 students taught in a face-to-face format; 55 students
taught in an online format) enrolled in a required Senior Project Business Capstone course taught at a
rural regional university. The type of data collected was quantitative and acquired by the Flesch-Kincaid
Grade Level score as a pre /post instrument to evaluate the writing levels of students after they submitted
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their first assignment and the final submission of the Senior Project Business Capstone paper. The
course required a minimum of 40-page paper with at least 20 quality references that evaluated a
publically traded corporation or a work-related problem investigation/recommendation paper. There were
three assignments essential to complete the Senior Project Business Capstone paper. This faculty
member assessed each paper equally for content, analysis, correct use of APA 6 protocols, College
formatting and clarity of writing. Students submitted their first paper without any prior input from this
faculty member. The Flesch-Kincaid Grade Level tool was applied to establish a baseline grade level
score for each student. This faculty member then read, evaluated, inserted corrections and comments
into each paper and returned the paper to the class. For the second assignment, the same evaluation and
feedback process as the first was used; however, no Flesch-Kincaid Grade Level score was assigned to
this paper. For the third and final portion of the paper the Flesch-Kincaid Grade Level score was assigned
prior to this faculty member’s evaluation as a means of providing a post writing analysis score. Students
were not graded on the results of their Flesch-Kincaid Grade Level score.

From the fall term, 2013 to the end of the spring term, 2014, the author used the Flesch- Kincaid Grade
Level score available on MS Word to determine the writing levels of students enrolled in a face-to-face
version of the Senior Project Business Capstone course and students enrolled in the online version of the
same course. The objective was to ascertain if changes in writing level scores took place because of this
faculty member’'s comments and corrections. The total subject sample was 76. No student names were
included in the study.

4.1. Results of the Study

The data was analyzed using a t-Test: Paired Two Sample for Means to ascertain the significance of
each subject’s pre/post Flesch-Kincaid Grade Level score. On an individual class basis, each student’s
pre/post Flesch-Kincaid Grade Level score was analyzed to determine the significance level of changes
in the writing level outcomes because of the faculty member's comments and corrections. All pre/post
Flesch-Kincaid Grade Level scores by course and version of the course were placed in a master Excel
file and the data was analyzed. The significance levels for the pretest and posttest were then complied to
determine the level of significance for all course offerings. A .05 level of significance was used to define
significance.

The data derived from five Senior Project Business Capstone courses (76 subjects, 3 online courses, 2
face-to-face courses) indicated that statistically significant changes in writing scores occurred at the 0.03
significance level (Table 1) because of this faculty member's comments and corrections.

TABLE 1. RESULTS OF T-TEST: PAIRED TWO SAMPLE EVALUATING THE EFFECT OF
INSTRUCTOR FEEDBACK ON CHANGES IN STUDENT WRITING IMPROVEMENT ON FACE-TO-
FACE AND ONLINE VERSIONS OF THE SENIOR PROJECT BUSINESS CAPSTONE COURSE

Hypothesis t Critical one-tail P(T<=t) one-tail T Stat Decision

Hypothesis 1 1.66515 0.03 1.9051 Accept Research

A secondary goal of this study was to determine if differences existed in the writing level scores as
determined by the Flesch-Kincaid Grade Level score and levels of writing improvement between students
enrolled in the face-to-face version of the Senior Project Business Capstone course and students enrolled
in the online version of the same course. Data resulting from pre and post writing level scores of the 21
students enrolled in the face-to-face version of the Senior Project Business Capstone course indicated
there were positive changes (an average pre first assignment grade level average score of 12.37 to the
post average score of 12.41) in the Flesch-Kincaid Grade Level scores; however these changes were not
statistically significant (p= .40). In contrast, data from pre and post writing levels of 55 students enrolled in
the online version of the same course indicated that statistically significant writing changes occurred at
the .01 level of significance (Table 2).
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TABLE 2. RESULTS OF T-TEST: PAIRED TWO SAMPLE EVALUTING DIFFERENCES IN CHANGES
IN STUDENT WRITING IMPROVEMENT ON SENIOR BUSINESS CAPSTONE PROJECTS BETWEEN
FACE-TO-FACE AND ONLINE VERSIONS OF THE SENIOR PROJECT BUSINESS CAPSTONE

COURSE
Hypothesis t Critical one-tail P(T<=t) one-tail T Stat Decision
Hypothesis 2 1.67356 0.01 2.1674 Accept research
Hypothesis 3 1.72472 0.46 0.0995 Accept null

5. FINDINGS

The researcher used a t-Test: Paired Two Sample for Means to ascertain what if any differences occurred
because of the researcher's comments and corrections provided after the first and second assignments
were submitted and before the final paper was graded. The second step was to calculate average scores
for each class’s pre and posttest Flesch-Kincaid Grade Level scores according to the version (face-to-
face or online) of the Senior Project Business Capstone course. The third step was to place the Flesch-
Kincaid Grade Level scores from each version of the Senior Project Business Capstone course in a
master Excel file and then subject the scores to a variety of tests to decide if three research hypotheses
should be accepted or rejected. The decision whether to accept or reject the null hypothesis was
determined by averaging the P one-tail scores of every class. A .05 level of significance was used to
define significance. The results for the null hypotheses are shown in Table 2.

The data collected and analyzed for Hypothesis 1 (Table 1) was below the .05 level allowing the rejection
of the null hypothesis and acceptance of the research hypothesis. The analysis indicates that there is a
significant difference at the .03 level of significance between the pretest Flesch- Kincaid Grade Level
scores (the baseline) and the post Flesch-Kincaid Grade Level scores (impact of this faculty member’'s
intervention). Noticeably, a statistically significant change was found between the student’s writing level
upon entry into the course and improvements during the course as result of this faculty member’s
comments and corrections. The null research hypothesis was rejected concerning no changes in student
writing level scores because of this faculty member’s intervention and the research hypothesis accepted
at the .03 significance level indicated that there would be a 97% chance of a type 1 error if the null
hypothesis was accepted. A secondary goal of the study was to investigate if differences existed in the
writing level scores as determined by the Flesch- Kincaid Grade Level scores between students enrolled
in the face-to-face version of the Senior Project Business Capstone course and students enrolled in the
online version of the same course. As noted above, the researcher used a t-Test: Paired Two Sample for
Means to ascertain what if any differences occurred because of the researcher's comments and
corrections provided after the first and second assignments were submitted and before the final paper
was graded.

Data from the pre/post Flesch-Kincaid Grade Level scores for face-to-face Senior Project Business
Capstone courses offered between 2013 and 2014 were examined. The data indicated there were
positive changes (an average pre first assignment grade level average of 12.37 to the post level average
of 12.41) in the Flesch-Kincaid Grade Level scores in the face-to-face versions of the course. The t-Test:
Paired Two Sample was used to determine if the difference in the average scores for the pre/post Flesch-
Kincaid Grade Level scores for all face-to-face versions of the Senior Project Business Capstone course
in the study were statistically significant. As shown in Table 2, it was determined that these changes were
not statistically significant (p= .40) for the face-to-face format. Data from the pre/post Flesch-Kincaid
Grade Level scores for the online version of the Senior Project Business Capstone courses offered
between 2013 and 2014 were examined. The t-Test: Paired Two Sample was used to determine if the
difference in the average scores for the pre/post Flesch-Kincaid Grade Level scores for the online version
of the Senior Project Business Capstone course in the study were statistically significant (Table 2).

6. DISCUSSION

A review of the data accumulated for this study indicated at the 0.03 level a statistically significant
relationship exists between changes of grade writing levels between pre and post assignment
submissions because of this faculty member’s intervention. This study was conducted with a mixture of

N . . . 45
Journal of Strategic and International Studies ?



ISSN 2326-3636 JSIS Volume IX Number 6

students enrolled in an undergraduate Senior Project Business Capstone course at a rural regional
university in the United States of America over the course of an academic year. Twenty-one students
enrolled in the face-to-face version of the Senior Project Business Capstone course and 55 students were
enrolled in the online version of the course. The distinction between the two instructional formats revealed
an interesting dichotomy. The researcher expected the students enrolled in the face-to-face course to
show greater Flesch-Kincaid Grade Level score improvement than their online counterparts due to: a)
more support — individual counseling sessions were provided; b) an optional weekly “Study Night” was
offered to enrollees in face-to-face courses to give research, formatting, writing and encouragement and
c) the faculty member was available for assistance during regular office hours or by appointment.
However, while there was improvement in the face-to-face Flesch-Kincaid Grade Level scores (an
average pre first assignment grade level average of 12.37 to the post average of 12.41) these changes
were not statistically significant (p=.40).

In contrast to the face-to-face students, online students enrolled in the same course exhibited significant
differences in Flesch-Kincaid Grade Level scores. There was improvement in both the average pre first
assignment grade level (12.71) to the post average (13.22) grade levels of online students, which was
statistically significant at the .01 level. This researcher was surprised at the substantial disparity between
the online students’ Flesch-Kincaid Grade Level scores and the face-to-face students’ scores because
online students did not have the extensive support, as did their on campus colleagues. The reasons for
this variance may be attributed to the maturity and advanced professional experience typical of many
online students and the higher confidence levels of independent learners.

The Flesch-Kincaid Grade Level score is not a substitute for detailed and consistent faculty critique and
constructive criticism. It would be tempting to assign grades merely based on differences between grade
level differences. Allowing a robotic tool to appraise assignments defeats the purpose of the faculty-
student relationship. The intent of the Flesch-Kincaid Grade Level score should be to guide both the
faculty member and student towards continuous improvement in writing skills. However, another
important consideration is to use the Flesch-Kincaid Grade Level score to upgrade analysis, synthesis
and expression of ideas. A recommendation for further investigation would be enlarge the scope of this
study to compare the pre/post scores of a variety of student groups. It would be of interest to parallel the
results of the Flesch-Kincaid Grade Level score between different types of course formats, genders,
traditional and adult aged students, areas of a country (ex. east vs. west and etc.), ethnic groups as
defined by a country’s census bureau or a university’s admission office and local students compared to
foreign countries.
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ABSTRACT

This paper proposes a buffer grouping method for Material Handling System (MHS) of the major
electronics assembly line based on simulation. The suggested grouping method is a real-time method
with consideration for the location of buffers and depots and the capacity of Material Handling Equipment
(MHE). By the use of this method, the buffers and depots become a group which has to be supplied. And
then we allocate each group to the supply workers and analyze the result using a simulation.
Furthermore, we can adjust balance of the workers workload during simulation repetition. Although there
have been numerous studies on similar topic, most of them deal with the automated material handling
system rather than the manned material handling system. To implement the method, we categorized a
manned material handling system into four simulation nodes (depot, feeder, buffer, route), and developed
our production system simulator to analyze method. The proposed method has been implemented and
tested with various examples from Korean assembly line based manufacturers.

Keywords: Production System Simulation, Simulator Development

1. INTRODUCTION

As the lifecycle of electronics has been shortening due to the technology advances and diversified
customer needs, leading electronics companies must have sufficient product technologies and rapid
production responsiveness to satisfy diversified customer needs. The product technologies enables the
electronics companies to develop new product which reflects the customer needs, and the rapid
production responsiveness enables the electronics companies to produce new products simultaneously
with new products development and dominate the market in advance. In recent years, most of the leading
electronics companies are able to achieve sufficient product technologies and rapid production
responsiveness. However, they have problems which is occurring a monetary waste due to achieve
goals. The monetary waste comes from the production layout redesign and the Material Handling System
(MHS) operation policy.

The layout redesign problem is the conventional problem which has been studied for the last decades.
Therefore, most leading electronics companies may have the standardized production processes and
layout designs because inefficient production processes incurs huge monetary waste. These
standardized production processes and layout designs are continuously improved by companies'
experience. Then standardized production processes and layout designs are used to minimize a
monetary waste when companies need production system alteration to produce the developed new
product.

On the other hand, the MHS operation policy incurs a small monetary waste, but it is continuous waste
that can be greater than the monetary waste comes from the production layout redesign, because the
MHS is applied manned system in the electronics industry due to frequent product change. The manned
MHS has the advantage of high flexibility to supply the parts, on the other hand it has disadvantage of
unexpected situation and unfixed time factors rather than the automated MHS. The unexpected situations
and unfixed time factors make a factory manager uneasy. Therefore, a factory manager decides to hire
more supply workers than proper number of supply workers, because the factory manager is completely
responsible for factory productivity. That is reason that the MHS operation incurs continuous monetary
waste, because more supply workers can be operated than proper number of supply workers. As noted
above, the MHS operation policy is clearly important problems in order to pursue the profits of the

18 Journal of Strategic and International Studies



ISSN 2326-3636 JSIS Volume IX Number 6

company. Accordingly, the all electronics companies must have clear MHS operation policy to survive in a
price competition.

We propose a buffer grouping method for MHS of an assembly line based on a simulation. Because, a
buffer grouping is one of main issue in the MHS operation policy. The buffer grouping method is to
determine the buffer group which has to be supplied at one go by supply worker. A role of supply worker
is to supply the parts into an assembly line using a tow-train. The supply workers load up a wagon with
the racks and the boxes in the depot and they drive a tow-train to the assembly line, and then unload the
racks and boxes from the wagons. Each tow-train has maximum capacity it generally can pull five
wagons. And a wagon can transport a parts rack and several boxes depend on size of box. The goal of
MHS operation policy is to supply parts to the assembly line with minimum resource via schedule and
route of supply workers. For this goal, this paper introduces a buffer grouping method of an assembly line
based on a simulation.

The paper is organized as follows. A literature review are in the next section. Then, Section 3 introduces
the grouping method for MHS of an assembly line based on a simulation. Section 4 introduces
implementation result is presented with an example. Section 5 concludes the paper.

2. LTERATURE REVIEW

The existing research is regarding design and analysis of the MHS can be categorized as follows: (1)
MHS simulation framework, (2) MHS analysis index proposal (3) MHS operation policy optimization (MHE
routing and scheduling). The first category, MHS simulation framework pertains to research on MHS
simulation model generation, MHS simulation model validation, alternative results evaluation. This field
has been studied to generate a different simulation model of a MHS such as a coal mine (Chao Meng,
2013). Naturally, the area of study has been widely applied such as electronics and automobile (Juyoung
Wya, 2011; Qi Hao, 2008; Thomas M. West, 1993). An automated material handling system has been
studied (F.K. Wang, 2004; Chiung-Hsi Hsieh, 2012). However, as we mentioned above, a characteristic
of the automated material handling system differ from manned material handling system.

The second category, the MHS analysis index proposal pertains to research on performance, reliability
and congestion of the MHS (Benita M. Beamon, 1998). The MHS analysis index provides a criterion to
judge a performance of MHS in an assembly. The MHS congestion on the assembly line prevents supply
workers and vehicles from traveling freely on the assembly line (Benita M. Beamon, 1999). Rajan Suiri
(1997) proposed performance analysis of flexible manufacturing system with a single MHE. These index
can be applied to general MHS, but it is not easy to be applied for particular purpose to judge
performance of the MHS such as scheduling.

The third category, a MHS operation policy optimization pertains to research on the MHS routing problem,
MHS scheduling problem and MHS policy optimization. The scheduling and routing problem is a NP-
complete problem. Ant colony optimization algorithm is ideal to resolve the horizontal movement of
something and ant colony optimization algorithm has been applied to many combinatorial optimization
problems. Also, ant colony optimization algorithms has been applied vehicle routing problem (John E.
Bella, 2004). Beside ant colony optimization, several mathematical approach has been applied to
optimize the scheduling and routing of the MHE (James H, 1997; Ghada El Khayat, 2006). However, the
mathematical approach has limitations which are needed some constraints to be applied. Accordingly,
similar mathematical approaches have been applied to different domains such as automobile (A Agnetis,
1997; Simon Emde, 1997). The MHS can be different in accordance with the production method. A cell
production system has many aisles to supply materials and the layout is fixed. So, the purpose of the
MHS is efficient supply method with small number of AGV (A. Caumond, 2012). A flow production line
has narrow and limited aisles. So, the purpose of the MHS is how to deliver material and use MHE
efficiently (Daria Battini, 2009). Beside mentioned research, Xiugang Li (2010) studied feeder transit
services in which transportation area. The transportation area has similar characteristic with the manned
MHS.

3. GROUPING METHOD FOR THE MHS OF AN ASSEMBLY LINE BASED ON A SIMULATION

A conveyor belt based assembly line is a process of manufacturing that is better suited for mass
production and product change because of its greater flexibility when compared to an automated system.
The conveyor belt based assembly line has been adopted in the electronic appliances industry, which has
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many product types and frequent process changes (Won. K Ham, 2014). A conveyor belt based general
assembly line process is comprised of five factors: worker, machine, buffer, material and feeder. To
manufacture, the buffers are not supposed to be empty, because the workers and machines have to use
the material in the buffers. In brief the MHS, the feeders are checking frequently state of the buffers and
coming in the depot to supply the material to buffers in an assembly line (FIGURE 1).

FIGURE 1. THE CONVEYOR BELT BASED ASSEMBLY LINE & MHS STRUCTURE

Main Parts Products
S AN Conveyor Belt —l
Process 1 Process 2 Process 3 Process N Shipment

To supply the material, the feeders have to decide buffers which have to be supplied after checking state
of buffers. When the feeders make decision, the grouping and routing algorithm is needed. However,
most assembly line aisle has a direction and a path from buffer to other buffer mainly. So, feeder can
determine the route to go through when the buffers is decided to be supplied.

3.1. Flow Diagram Of Grouping Method

We need organize the production system data for the method of substitution to the grouping method. The
production data is consist of 3 elements: 1) Production system layout data, 2) Production system
operation data and 3) MHS data. The production system layout data is consist of 4 elements: 1) Buffer
location, 2) Depot location, 3) Aisle layout (direction, lanes) and 4) Obstacles location. The production
system operation data is consist of 3 elements: 1) Buffers-Parts-Depots relation, 2) Buffers size and 3)
Target production speed. The Buffers-Parts-Depots relation shows that a buffer has to contain which
parts and parts belong to which depots. The buffer size is capacity to store the parts depend on part
during the production. The target production speed determines production and consumption cycle of
buffers.

After organizing the data, we can generate the Dijkstra algorithm table which shown that shortest path
from buffers to buffers (Yi-zhou Chen, 2014). Briefly, the Dijkstra algorithm table is “From-To” table. Then,
the grouping method can be proceed as follows. FIGURE 2 shows the procedure of grouping method.

1) We sort out the buffers that have parts belong to same supply depot, and then we put the sorted
buffers into a new group (depot group”.

2) We sort out the buffers depend on the accessibility which is confirmed by the Dijkstra algorithm table,
and then we put the sorted buffers into a new group (route group).

3) We sort out the buffers depend on shortest spare time in the depot group.

4) If the number of the buffers in the route group is more than two, determine the sequence of buffers in
the route group.

5) We confirm the feasibility of arrival to buffers and vehicle capacity, and then determine the sequence of
route group in depot group.

o
50 Journal of Strategic and International Studies



ISSN 23826-3636

JSIS Volume IX Number 6

6) If there is buffers that haven’t assigned into group, perform the procedure from number 3 repeatedly.

7) We assign the route group to a feeder in real time.

FIGURE 2. THE PROCEDURE OF GROUPING METHOD
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3.2. Simulation Structure

FIGURE 3. THE STRUCTURE OF THE MHS SIMULATION
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The structure of simulation is simple and similar with other simulator. The simulation engine takes a first
event from the event calendar and updates the simulation time and then fires the event. Then, the internal
transition of nodes (buffer, feeder) is called and reserve the other event in the event calendar. However,
when every event is called and state of model is changed, the grouping method is performed using state
of model. After performing the grouping method, the group is assigned to a feeder and then events of
feeder are reserved in the event calendar. The simulation engine performs same job repeatedly. We can
find feasibility of the production system model during the simulation. When the simulation is finished, we
can confirm a simulation report, which shows how many feeders are used and the assembly line was
operated well without starvation.

4. IMPLEMENTATION RESULT WITH AN EXAMPLE

In this section, we present implementation result with an example that simplified a refrigerator production
system. The refrigerator production system has more than 100 processes, so it is too complex to use as
example. However, the refrigerator production system has MHS problems that have to be solved. There
is seven feeders are working for material supply in the refrigerator production line. But, the utilization rate
and the cycle time variance of the feeders is very huge as shown table 1. So, this example is open to
improve the MHS system.
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TABLE 1. THE UTILIZATION RATE AND CYCLE TIME OF FEEDERS

r\'ijri(:gr %y;f Utilization
1 548.7 043
2 546.7 93.9
3 299.4 514
4 401.8 690
S 509.8 87.3
6 294.4 506
7 409.6 70.4

FIGURE 4. THE REFRIGERATOR PRODUCTION LINE LAYOUT
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We simplified the refrigerator production line layout as shown Figure 4. The original refrigerator
production line has more than 65 buffers. We remain the 20 buffers which locate each other closely.
However, 20 buffers contain all parts that will use to produce product. Also, figure 4 shows Dijkstra table
based on the refrigerator production line layout.
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TABLE 2. DIJKSTRA TABLE BASED ON THE REFRIGERATOR PRODUCTION LINE LAYOUT
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In the table, number "99" means that feeder can't access and other numbers means distance between
"From" to "To". We used C++ language in a Visual Studio environment and E-XD++ library for the
graphical user interface (GUI). The implemented program supports drag and drop method and simple
user interface (Ul) to model the MHS to the user as shown Figure 5.
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FIGURE 5. THE REFRIGERATOR PRODUCTION LINE LAYOUT
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The figure 5-(1) shows the MHS modeling user interface and. The users can model the five nodes using
five buttons on the toolbar and input the essential details such as the vehicle speed and buffer capacity
through C++ dialog. The figure 5-(2) shows the simulation setup user interface. After route design, we can
simulate the MHS model and confirm the movement of the vehicles through animation during the
simulation, as shown in the figure 5-(3). We can confirm the simulation result by executing program with
an MHS model, as shown in the figure 5-(4).

5. CONCLUSION

This paper presents a grouping method for the optimization of the feeder operation in an assembly line.
The proposed grouping method has been tested using refrigerator assembly line example which is most
problematic assembly line in the electronics assembly lines. After MHS simulation, we confirmed the
possibility of feeder reduction. When utilization rate of feeders is close to 100%, we can reduce 2 feeders.
However, there are not balance between feeders, and the report of the MHS simulation result is not
intuitive. We need to do research about that. Furthermore, the research which classifies items to
determine MHS operation policy is recommended.

ACKNOWLEDGEMENT

This work was supported by the Defense Acquisition Program Administration (UD110006MD) and Korea
Research Foundation (2010-0021040).

REFERENCES

A. Agnetis, A. Pacifici, F. Rossi, M. Lucertini, S. Nicoletti , F. Nicolb, G. Oriolo a , D. Pacciarelli and E.
Pesaro. 1997. “Scheduling of flexible flow lines in an automobile assembly plant”, European Journal
of Operational Research, vol. 97, pp. 348-362.

Daria Battini, MaurizioFaccio, AlessandroPersona and FabioSgarboss. 2009. “Design of the optimal
feeding policy in an assembly system”, International Journal of Production Economics, vol. 121, pp.
233-254.

Journal of Strategic and International Studies



ISSN 2326-3636 JSIS Volume IX Number 6

John E. Bella and Patrick R. McMullen. 2004. “Ant colony optimization techniques for the vehicle routing
problem”, Advanced Engineering Informatics, vol. 18, pp. 41-48.

Benita M. Beamon. 1999. “System reliability and congestion in a material handling system”, Computers &
Industrial Engineering, vol. 36, pp. 673-684.

Benita M. Beamon. 1998. “Performance, reliability, and performability of material handling systems”,
International Journal of Production Research, vol. 36, no. 2, pp. 377-393.

James H. Bookbinder and Michael D. Kirk. 1997. “Lane Selection in an AGV-Based Asynchronous
Parallel Assembly Line”, Computers & Industrial Engineering, vol. 32, no. 4, pp. 927-938.

A. Caumond, P. Lacomme, A. Moukrim and N. Tchernev. 2012. “An MILP for scheduling problems in an
FMS with one vehicle”, European Journal of Operational Research, vol. 217, pp. 287-299.

Simon Emde and Nils Boysen. 1997. “Optimally routing and scheduling tow-trains for JIT-supply of mixed-
model assembly lines”, European Journal of Operational Research, vol. 97, pp. 348-362.

Chiung-Hsi Hsieh, Chiwoon Cho, Taho Yang and Ting-diun Chang. 2012. “Simulation study for a
proposed segmented automated material handling system design for 300-mm semiconductor fabs”,
Simulation Modeling Practice and Theory, vol. 29, pp. 18-31.

Ghada El Khayat, Andre Langevin and Diane Riopel. 2006. “Integrated production and material handling
scheduling using mathematical programming and constraint programming”, European Journal of
Operational Research, vol. 175, pp. 1818-1832.

Xiugang Li and Luca Quadrifoglio. 2010. “Feeder transit services: Choosing between fixed and demand
responsive policy”, Transportation Research Part C, vol. 18. Pp. 770-780.

Chao Meng, Sai Srinivas and Nageshwaraniyer. 2013. “Data-driven modeling and simulation framework
for material handling systems in coal mines”, Computers & Industrial Engineering, vol. 64, pp. 966-
779.

Rajan Suri and Ramakrishna Desiraju. 1997. “Performance Analysis of Flexible Manufacturing Systems
with a Single Discrete Material-Handling Device”, International Journal of Flexible Manufacturing
Systems, vol. 9, pp. 223-249.

F.K. Wang and J.T. Lin. 2004. “Performance evaluation of an automated material handling system for a
wafer fab”, Robotics and Computer-Integrated Manufacturing, vol. 20, pp. 91-100.

Juyoung Way, Sangwon Jeong and Byung-In Kim. 2011. “A Data-driven generic simulation model for
logistics-embedded assembly line”, Computers & Industrial Engineering, vol. 60, pp. 138-147.

Qi Hao and Weiming Shen. 2008. “Implementing a hybrid simulation model for a Kanban-based material
handling system”, Robotics and Computer-Integrated Manufacturing, vol. 24, pp. 635-646.

Thomas M. West, Angela N. Amundson and Sabab U. Randhawa. 1993. “Evaluation of Alternative
Materials Handling Systems”, Computers & Industrial Engineering, vol. 25, pp. 187-190.

Won. K Ham and Sang. C Park. 2014. “A framework for the continuous performance improvement of
manned assembly lines”, International Journal of Production Research, Vol. 52, No. 18, pp. 5432—
5450.

Yi-zhou Chen, Shi-fei Shen, Tao Chen and Rui Yang. 2014. “Path Optimization Study for Vehicles
Evacuation Based on Dijkstra algorithm”, Procedia Engineering, vol. 71, pp 159-165.

AUTHOR PROFILE

Dae S. Chang received a bachelor degree (2012) in industrial and information system engineering and a
master degree (2014) in industrial engineering, Ajou University, Korea. He is now a Ph. D candidate in
industrial engineering, Ajou University, Korea, and he is a member of modeling and simulation laboratory,
which is an affiliation of department of industrial engineering, Ajou University. He is interested in
distributed simulation system, Digital Manufacturing System, and CAD/CAM/CAPP. His email address is
webmacome@ajou.ac.kr.

Won K. Ham received a bachelor degree (2011) in industrial and information system engineering and a
master degree (2013) in industrial engineering, Ajou University, Korea. He is now a Ph. D candidate in
industrial engineering, Ajou University, Korea, and he is a member of modeling and simulation laboratory,

56 Journal of Strategic and International Studies



ISSN 2326-3636 JSIS Volume IX Number 6

which is an affiliation of department of industrial engineering, Ajou University. He is interested in
distributed simulation system, synthetic environment, and manufacturing simulation system. His email
address is lunacy@ajou.ac.kr.

Ji M. Park received a bachelor degree (2014) in the department of Industrial engineering at Ajou
University, Korea. He is now a graduate student in industrial engineering, Ajou University, Korea, and he
is a member of modeling and simulation laboratory, which is an affiliation of department of industrial
engineering, Ajou University. He is interested in Intelligence Production System, Artificial Intelligence, and
Synthetic Environment. His email address is jmpark89@ajou.ac.kr

Sang C. Park (Ph.D., KAIST) is a professor in the Department of Industrial Engineering at Ajou
University. Before joining Ajou University, he worked for DaimlerChrysler Corp. and CubickTek Co.,
developing commercial and in-house CAD/CAM/CAPP/Simulation software systems. He received his BS,
MS and Ph.D. degrees from KAIST in 1994, 1996 and 2000, respectively, all in Industrial Engineering. His
research interests include geometric algorithms in CAD/CAM, process planning, engineering knowledge
management, and discrete event system simulation. His email address is scpark@ajou.ac.kr.

S8
-~

Journal of Strategic and International Studies



ISSN 2326-3636 JSIS Volume IX Number 6

HOFSTEDE IN LUXEMBOURG - INTERCULTURAL COMPARISON LUXEMBOURG-FRANCE-
GERMANY

Ursula Schinzel, United Business Institutes, Luxembourg, Luxembourg

ABSTRACT

The purpose of this research is to find out where Luxembourg fits in on Hofstede’s cultural dimensions -
Individualism, Power Distance, Uncertainty Avoidance, Masculinity, Long-Term Orientation, Indulgence,
and Monumentalism - in comparison with France and Germany. The design of the research is the
replication of Hofstede’s study by using Hofstede’s methods: participant observation, interviews and
original questionnaire, the values survey module VSM 2008 (Hofstede, 2008). Three hypotheses are
offered. This is the first time Hofstede’s studies are replicated entirely in Luxembourg, providing 134 filled-
in questionnaires and a full set of results for Hofstede’s cultural dimensions. The originality of this
research lies in the separation into Lux.Nat. (Luxembourg with Luxembourgish nationality) and
Luxembourg (including the foreigners), and the data found for Monumentalism. Implications of culture on
practices, discussion and implications, future research and references follow.

Keywords: International management, Hofstede, cultural dimensions, intercultural comparison, language
as identifier, Luxembourg

1. INTRODUCTION

This research investigates Hofstede’s seven cultural dimensions Individualism, Power Distance,
Uncertainty Avoidance, Masculinity, Long-Term Orientation, Indulgence, and Monumentalism of
Luxembourg in comparison with France, Germany, Europe and the world. The purpose is to find out
where Luxembourg fits in on Hofstede’s cultural dimensions today, with the aim to explain to managers,
expatriates, as well as their spouses and family, coming for work to the Grand Duchy of Luxembourg,
trying to cope with the cultural and linguistic specificities, especially in the HR domain the impact of these
cultural dimensions on (HR) practices in Luxembourg. The design of the research is: (1) literature review
on dimensions of culture, (2) Luxembourg, trilingualism and Luxembourgish, (3) replication of Hofstede’s
study. Hofstede’s methods were used: participant observation, interviews and original questionnaire, the
values survey module VSM 2008 (Hofstede, 2008), by administering it to employees in one company in
Luxembourg, France, Germany, providing 134 filled-in questionnaires to measure the cultural dimensions
today and comparing them to Hofstede’s data for Luxembourg, France, and Germany. It is important to
note that Hofstede only holds estimates for Luxembourg and no data for Monumentalism. Three
hypotheses are discussed. The originality of this research lies first in the separation into Lux.Nat.
(Luxembourg with Luxembourgish nationality) and Luxembourg (including the foreigners) that replies to
Hofstede’s critique, nations are not the best units for studying cultures; and second in the fact that this is
the first time Hofstede’s studies are replicated entirely in Luxembourg, providing a full set of results for
Hofstede’s cultural dimensions, as Hofstede bases his research on Luxembourg on estimates. Third,
Hofstede holds no data for the cultural dimension Monumentalism in Luxembourg.

2. LITERATURE REVIEW ON DIMENSIONS OF CULTURE

Since the late 1960s more intercultural research has been published than ever before. This trend was
initiated by Geert Hofstede (1980, 2001) with his meticulous research on culture at IBM worldwide and
continued by thousands of replicants. Culture is found to have dimensions, the question is not if, but how
many. Hofstede initially came up with four dimensions (Individualism versus Collectivism, Uncertainty
Avoidance, Power Distance, Masculinity versus Femininity), added a fifth later (Long-term versus Short-
term Orientation) and a sixth (Indulgence versus Restraint) and a seventh (Monumentalism). Hofstede
brought an end to the era of well-known researchers and their theories. Hofstede (1980) defines culture
as the “collective programming of the mind which distinguishes the members of one human group from
another”. After Hofstede many intercultural studies were started in North-America, the GLOBE by House
et al. (2004), Mintzberg (1993), Schwartz (1990), Smith (2002, 2006), Triandis (1995), Schein (2009), just
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like before Hofstede, but others started in Europe (Trompenaars and Hampden-Turner (1997), and in
Asia (Bond et al., 2004).

The most famous replications are the Chinese Value Survey by Bond et al. (2004), the European Value
Survey and the World Value Survey by Inglehart et al. (2008) and Inglehart (2011), and the GLOBE by
House et al. (2004). Peter Smith’s 2006 article “When elephants fight, the grass gets trampled: the
GLOBE and Hofstede projects” is a summary of the exchange of opinions between the GLOBE and
Hofstede. Triandis (1995) concentrated his research on the Individualism dimension. Kirkman et al
(2006), Minkov (2011; 2013) and Schinzel (2013) summarize the most important replications.

Geert Hofstede’s research has not only been subject to enthusiasm (Triandis, 1982), or to reviews (Smith,
2002) but also to criticism, contestation and controversy (McSweeney, 2002; Sgndergaard, 1994).

Hofstede states: “I made a paradigm shift in cross-cultural studies, and as Kuhn (1970) has shown,
paradigm shifts in any science meet with strong initial resistance” (Hofstede et al., 2002). The five main
criticisms of Hofstede’s approach have been enumerated by Hofstede et al. (2002) himself:

“(1) Surveys are not a suitable way of measuring cultural differences; (2) Nations are not the best units for
studying cultures; (3) A study of the subsidiaries of one company cannot provide information about entire
national cultures; (4) The IBM data are old and therefore obsolete; and (5) Four or five dimensions are not
enough.”

This study takes on the second challenge of Hofstede's criticism, namely, that national boundaries are not
the best unit of analysis of studying culture, and uses the example of Luxembourg to demonstrate that
language — Lux.Nat. — is a better identifier of culture rather than geographical boundaries of nations. It
compares data collected in three subsidiaries of one company in Germany, France and Luxembourg, to
demonstrate that Luxembourg's dimensions of culture are not proxies for the average values found by
Hofstede in France and Germany, but rather are unique and a result of Luxembourgish, which, along with
French and German, is one of the official languages of the Grand Duchy.

Hence, the next section delineates background information about Luxembourg, such as geographical,
economic, historical, and social, as well as some reflections on the linguistic peculiarities of
Luxembourgish and trilingualism, followed by a set of hypotheses.

2.1. Luxembourg, Luxembourgish And Trilingualism

The official designation is Grand Duchy of Luxembourg (statec, 2013), the only remaining Grand Duchy in
the world. The form of government is a representative democracy in the form of a constitutional
monarchy, the Chief of State is H.R.H. Grand Duke Henri and the Prime Minister is Xavier Bettel (formerly
Jean-Claude Juncker). The territory is 2,586 km2 with 549,680 inhabitants on 1% January 2014 (see
http://statec.lu). On 1% of January 2014, the Luxembourgish population was composed of 300,766
(=54.7%) Luxembourgers and 248,914 (=45.3%) foreigners: 90,764 (=16.5%) are Portuguese, 37,158
(=6.8%) French, 18,773 (=3.42%) ltalians, 18,159 (=3.3%) Belgians and 12,659 (=2.3%) Germans.
Domestic employment (379,000) is characterized by a high percentage of cross-border workers (156,900
= 41.4%), coming for work during the day from France (20.55%), from Belgium (10.42%), and from
Germany (10.43%) (statec, 2013). Luxembourgers are in good shape and feel healthy. Luxembourg was
one of the founding members of the CECA, the Treaty of Rome, EEC, EURATOM and the EU. Schengen,
the ‘Europe without borders’, is a small village in Luxembourg’s Mosel valley. The European Investment
Bank, European Union Publications Office, Eurostat, European Investment Fund, Parliament (secretary),
Court of Justice, Council (2nd), and Court of Auditors are among the European Institutions in
Luxembourg. IPSE (2010) criticizes money laundering, bank secrecy, fiscal criminality and high level of
civil servants. The national language is Letzebuergesch, administrative languages are French, German
and Luxembourgish (statec, 2013). This tri-lingual situation is founded in the history of Luxembourg’s
language(s). Luxembourgers find their identity in both, in their Luxembourgish language and their
trilingualism (Fehlen, 2013; Information Press and Service of the Luxembourg Government, 2004, 2008a,
2008b), distinguishing the ‘in-group’ from the ‘out-group’ (Briley et al., 2005; Minkov, 2013; Spizzo, 1995).
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2.2. Hypotheses

Following the description of Luxembourg and its culture, it is argued that Luxembourg's dimensions of
culture are not proxies for the average values found by Hofstede in France and Germany, but rather are
unique and a result of Luxembourg’s language. The following three hypotheses are offered:

Hypothesis 1: Native Luxembourgers scores on the PDI, UAI, IDV, MAS, LTO, IVR, MON cultural
dimensions are significantly different from the scores of non-Luxembourgers in Luxembourg.

If hypothesis 1 is corroborated then the scores on Hofstede's dimension should reflect a tendency of
Luxembourgish native language speakers to score differently than the scores of French, German and
foreigners in Luxembourg. The following hypothesis is offered:

Hypothesis 2: There are significant differences between Hofstede et al.'s (2010) PDI, UAI, IDV, MAS,
LTO, IVR, MON cultural dimensions estimates for Luxembourg and the empirical values found in this
study for Luxembourgers with Luxembourgish Nationality.

Hypothesis 3: Luxembourgers are happy because they use their language(s) as identifier.
3. METHODS

Participant Observation. The author participated in many seminars, meetings, fairs as covered
participant, taking notes and pictures.

Interviews. The author replicated Hofstede’s original interview with HR managers.

Questionnaires. Hofstede's (2008) original questionnaire, the values survey module VSM 2008, has
been used to measure his cultural dimensions in Luxembourg, France, and Germany and his original
calculation formulas to calculate the means per question.

4. RESULTS

Results from the Participant Observation are: Luxembourg prefers private meetings, in person, has a
vivid culture of meetings, conferences, events, and fairs.

Results from the Interviews are: Symbols are: excellence, and ethical behavior. Values are:
responsibility, trust, team work, tolerance, respect, quality, and punctuality. Heroes are: the directors and
the Grand Ducal family. Rituals are: diverse sport and other events, Christmas party, and get-together
events.

Results from the Questionnaires are: Using Hofstede’s calculation formulas from the original VSM
2008 questionnaire, the results are shown, — the means — found by the author in Luxembourg, Lux.Nat.,
France, and Germany by simply adding up all questionnaires’ responses and dividing by the number of
respondents, to get the mean for all 4 nationalities shown in table 1 and 2.

TABLE 1. COMPARISON LUXEMBOURG — LUX.NAT. - FRANCE - GERMANY

Luxembourg | Lux.Na | Hofstede’s estimates | France | Hofstede’s | Germany | Hofstede’s
t. on Luxembourg France Germany
PDI 36 29 40 32.5 68 37 35
UAI 97 95 70 28.8 86 67.5 65
IDV 51.5 34 60 41 71 65.5 67
MAS 47 54 50 43.5 43 64.5 66
LTO 69 65 64 37 63 84.5 83
IVR 53.5 55 56 80 48 46 40
MON 10 24 - 31 16.5 6.5 9.9

The results show the differences from Hofstede’s estimates. The Lux.Nat. indices diverge from the
Luxembourg indices, confirming the difference in culture in PDI, UAI, IDV, MON. Compared to Hofstede’s
estimates on Luxembourg, the indices are especially different for Uncertainty Avoidance and
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Individualism-Collectivism. For France, the divergence in data is even more striking, showing a low PDI,
alongside with low UAI, low IDV, and low LTO. Germany’s data are identical, except for Monumentalism.

TABLE 2. LUX.NAT. IN COMPARISION

Lux.Nat. | France | Germany | UK Belgium Belgium Italy | NL China | USA | Japan
FR NL
PDI 29 68 35 35 68 61 50 38 80 40 54
UAI 95 86 65 35 93 97 75 53 30 46 92
IDV 34 71 67 89 71 78 76 80 20 91 46
MAS 54 43 66 66 60 43 70 14 66 62 95
LTO 65 63 83 51 82 82 61 67 87 26 88
IVR 55 48 40 69 57 57 30 68 24 68 42
MON 24 16.5 9.9 354 |- - 352 |[119 |0 57.2 1 4.0

The results in table 2 show the cultural difference between Hofstede’s estimates and Lux.Nat.,
Luxembourg (with the foreigners) and France, Germany, UK, Belgium FR, Belgium NL, Italy, the
Netherlands, China, USA, and Japan.

The previous two tables show the place that Lux.Nat., Luxembourg, France and Germany hold. Lux.Nat.
score low on PDI (29), low on IDV (34), and high on UAI (95), contrary to Hofstede (40, 60, and 70).
France scores low on PDI (32.5), IDV (41), and UAI (28.8), contrary to Hofstede (68, 71, and 86).
Germany scores low on PDI (37), high on IDV (65.5) and high on UAI (67.5), unchanged to Hofstede (35,

67 and 67).

The below correlation matrix shows that Luxembourgers are characterized for being long term oriented,
they indulge in life, they are uncertainty avoidant, and they are happy.

TABLE 3. CORRELATIONS AMONG ALL VARIABLES (N=134)

PDI | UAI | IDV |MAS |LTO | IVR | MON |HAPPY |GENDER |AGE CE‘II?ILCJ)N
PDI -
UAI -.021 -
IDV 135 [-011| -
MAS 206* |-.060 |.517" | -
LTO 138 | .059 |.030 |.000 | -
IVR 031 | .043 |.318" |.272" | .042 -
MON 068 | .023 |.2457 | 129 |-.089 |.244" | -
HAPPY 038 | .160 | .045 |.014 |.268" |.293" | .001 -
GENDER [.030 |.073 |-.041 |-012 |.004 |-.029 |-105 | .029 -
AGE -117 | .031 |-.059 |.022 |-.076 | .108 |-.312" | .040 -128 -
(E)EIUCAT' 037 |-155|.106 | 094 | 119 | 112 | 060 | 082 | 120 |-025 ;
RANK .230** | .210" [-.001 |.016 |.080 |-.043 | .090 | .006 162 |-490° | -.084
p<.05; ** p<.001

5. IMPLICATIONS OF CULTURE ON PRACTICES

Lux.Nat. hold a unique position on Hofstede’s cultural dimensions. There is no other country in the world
like Lux.Nat. with high Collectivism (66) (weak Individualism (34)), low Power Distance (29) and strong
Uncertainty Avoidance (95). Contrary to the belief that Luxembourg is culturally close to France and
linguistically to Germany, Hofstede’s cultural dimensions show the limitations of this.
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Power Distance is found low for Lux.Nat. (29), similar to UK (35) and USA (40), different from France
(68) and China (80). Luxembourg being small, hierarchy is not felt that much, boss and employees meet
in the same sport clubs, supermarkets, bars, and events.

Uncertainty Avoidance is high (95), compared to China (30), UK (35), and USA (46), similar to Japan
(92). Lux.Nat. avoid uncertain and unknown situations, a secure, regulated, clear life without surprises is
preferred. Lux. Nat. are afraid of any uncertainty. For Lux. Nat. everything must be planned, organized,
regulated, restricted and foreseen. Nothing has been left to surprise. They prefer that every day is the
same and every year brings the same events with always the same people at the same place and the
same procedure. They distinguish themselves from their mighty neighbors Germany, France, Belgium,
and they created their own language (Briley et al., 2005; Hong et al., 2000), habits (Spizzo, 1995), and
peculiarities (IPSE, 2010; Haag, 2011), that they hold to strongly as if they were their identity savers or
their rescue plan (Hermans and Kempen, 1998).

Individualism is low (34), means Collectivism is high (66), compared to USA (91), UK (89). Lux.Nat. are
highly collective people preferring the well-being of the group and country to the individual pleasure.

Masculinity is medium (54), compared to UK (66), USA (62), Japan (95), Italy (70). The characteristics of
a masculine dominant country (competition and success) and those of a feminine dominant country
(caring for others, quality of life) are equally distributed.

Long-Term Orientation is high (65), compared to USA (26), UK (51), but not as high as in Germany (83),
and is characterized for foreseen, and planned events and by perseverance and thrift.

Indulgence versus Restraint is medium (55/100), compared to UK (69), USA (68), Italy (30), China (24),
Lux.Nat. in general indulge in life, love profiting from the benefits of life, and enjoy life. Concerning the
cultural dimensions Indulgence versus Long-Term Orientation, Luxembourg is culturally close to France.

Monumentalism for Lux.Nat. is low (24/100), compared to USA (54.2), UK (35.4), Italy (35.2), but high
compared to Germany (9.9), France (16.5) or Japan (4). Lux.Nat. love their national traditions and
nationality, the Grand Ducal family, National Day, National Hymn and are living their national identity.

One must genuinely accept and understand the meaning of “Mir welle bleiwe wat mir sinn” — “We want to
remain what we are”. If one does not make an effort to integrate into Luxembourg’s specific business
culture, success in Luxembourg may never be possible.

The Grand Duchy's political, social and economic stability allows people to plan for the long term, thereby
providing support for people's need for security and life predictability. It is possible that this is the key for
the high scores on Long Term Orientation and Happiness in Luxembourg found in this study. To validate
this argument it is worth citing Hofstede himself: "At 70 Luxembourg has a high score on uncertainty
avoidance which means that as a nation they are quite reluctant to test unknown territories. Security is a
key word in Luxembourg: there is not one activity which is not depending on some sort of security control
from authorities; from banker's money to safety exits in a restaurant. It makes life in Luxembourg very
safe, but some would argue a bit boring. New ideas, new methods, new management techniques must
first be proven to work in other countries in order to be accepted in Luxembourg. Historically more
“farmers” than “traders” the inhabitants kept that good old “common sense” made of cautiousness which
has proven to be profitable for a country that managed not to be at war since Napoleonic times!
(http://geert-hofstede.com/luxemburg.html).

France scores low on Power Distance (PDI=32.5), low on Individualism (IDV=41), and low on Uncertainty
Avoidance (UAI=28.8). France's divergence from Hofstede's France is due to the migration background.

Germany is a country whose inhabitants feel threatened by uncertainty and ambiguity, they try to avoid
these situations. It has a flat hierarchy and individualistic people who accept that power is distributed
unequally.

6. DISCUSSION, IMPLICATIONS AND FUTURE RESEARCH

This research investigated Hofstede’s dimensions Individualism, Power Distance, Uncertainty Avoidance,
Masculinity, Long-Term Orientation, Indulgence Versus Restraint, and Monumentalism of Luxembourg in

[9
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comparison with France, Germany, Europe and the world. Hofstede’s original research was replicated
successfully in Luxembourg, France and Germany.

Hypotheses 1, 2, 3 were confirmed because Luxembourgish nationals score high on ‘Uncertainty-
Avoidance’, Collectivism, ‘Long-Term-Orientation’ and ‘Happiness’, they score low on Power Distance,
low on IDV (high on COL), medium on MAS (medium on FEM), high on LTO, high on IVR, high on MON
and use their language(s) as identifier. Luxembourg is a multinational, multicultural, multilingual
environment; has a vivid culture of meetings, events, fairs, outings, parties, breakfasts, and presentations,
all in person; prefers private contacts; traditional HR practices remain mainly unchanged: advertisement,
CV screening, contact candidate, interview — after the recruiting: discussion in person, annual
performance evaluation, training; HR managers are happy with the current situation, which explains the
rejection of change. Luxembourg is a small country, where the whole world lives and works. It is reluctant
to accept any change, historically explained by the aim of defense of their own identity. It has developed
its own specific language and culture with the aim to distinguish itself from its neighboring countries.

France scores low on Power Distance and Uncertainty Avoidance, Individualism and Long-Term
Orientation, and high on Indulgence and Monumentalism. Germany scores high on Uncertainty, high on
Individualism, and low on Power Distance.

In this world, where millions of people communicate via social networking technologies, Facebook, email,
mobile phones, the ability to maintain a culture of non-digital social networking is a challenge, but thus far
successfully defended in Luxembourg.

Future studies could link cross-cultural research with new media, new technologies, strategies and
challenges of global human resource management, communication and with other subjects such as
marketing (De Mooij, 2011), with psychology (Leung et al. 2011), and with language research (Lewis,
2006). Future studies could focus on the replication of Hofstede’s research, investigating his cultural
dimensions PDI, UAI, IDV, MAS, LTO, IVR, MON in more companies in Luxembourg, France, Germany
and other European countries — to validate the cultural shift that has happened since Hofstede’s initial
research in the 1960s — see DelLorenzo et al. (2009) who confirmed the cultural shift of the Slovak
Republic. Culture is moving and mixing (Hermans and Kempen, 1998), culture changes over time, and is
not fixed and nations are not the best units for studying cultures.
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